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Ebrtuﬁe telling is a game as old as mankind, now it has largely been
taken over by our profession. The cards of the sooth-sayers have been
'replace»d by the laboratory sheets, prophecies are called prognoses,
but the coverting for knowledge about the future is the same, and the
predictions still depend on the interpretation of omens.

{
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SUMMARY

A summary of the experimental chapters is included at the start
of each of these chapters, however for the ease of the reader these
aré also compiled in this summary. The aim of this thesis is to
explore the relationship between hepatic drug metabolism and liver
disease and in particular to determine if the parameters of drug
elimination provide useful information as liver function tests.

The value of kinetic data as a screening test for liver disease
is explored in chapter 9, using patients at risk of developing
methotrexate induced liver disease. Standard biochemical liver
function tests and the clearances of antipyrine and indocyanine green
have been compared in psoriatic patients taking methotrexate,
psoriatic patients on topical treatment, patient controls and patients
with hepatic cirrhosis. The methotrexate-treated patients showed
significant elevations in alkaline phosphatase (p<0.025) and gamma
glutamyl transpeptidase activitieé (0<0.05) compared to topically
treated psoriatics and patient controls. The clearance of antipyrine
was reduced in the methotrexate treated group but not significantly
(0.1> p > 0.05). In contradistinction, the weight-adjusted clearance
of indocyanine green was significantly impaired in the methotrexate
grou§ in comparison with the topically treated psoriatics (p < 0.01).
These data suggest that the serial measurement of alkaline phosphatase
and indocyanine green clearance may pfovide a non-invasive indicator
of the development and progression of methotrexate-related liver
injury.

‘ In chapter 11 the effect of betablockade on portal pressure is

assessed. Antipyrine elimination was determined to assess the effect
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of nadolol therapy on hepatic drug oxidation. Indocyanine green
elimination was measured to see if it accurately reflected changes in
portal pressure, thus possibly providing a non-invasive monitor of
changes in the portal circulation. The effect of Nadolol 160mg/day on
antipyrine and indocyanine green kinetics and Wedged hepatic vein
pressure.was assessed in 6 patients with hepatic cirrhosis and portal
hypertension. 'fhere was a significant reduction in wedged hepatic
vein pressure during treatment with nadolol (Nadolol = 13.1 + 3.6
mmHg Placébo = 19.9 + 5.6 mmHg). There were no significant
alterations in the standard liver function tesﬁs , antipyrine or
indocyanine green kinetics. These data show that Nadolol leads to a
fall in portal pressure similar to that produced by propranolol.
Nadolol is excreted by the kidney so that its elimination should be
predictable even in patients with severely compromised liver function,
which suggests that it may be a more suitable drug for use in these
patients.

’i‘wo experiments were performed to assess the value of antipyfine
and indocyanine green elimination in predicting the metabolism of
other compounds. In chapter 12 the kinetic and psychomotor function
were studied after an intravenous dose of 0.075 mg/kg of body weight
of Midazolam. A total of 7 patients with alcoholic cirrhosis and 8
patient controls were studied. Four of the 7 cirrhotics died of
complications of their liver disease within 6 months of completion of
the stﬁdy. The biocavailability of midazolam was significantly:
increased in the cirrhotic patients (p< 0.025). These patients also
had evidence of greater sedation than the control group for up to 6
hours after the dose was administered (p<0.05). The clearance of

midazolam did not correlate significantly with the serum albumin or
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bilirubin or with the kinetics of antipyrine or indocyanine green.
This study demonstrates significant delay in the elimination of
midazolam and reduction in psychomotor function in patients with
severe alcoholic liver disease. Caution should be exercised in using
this drug for pre—medication in such patients prior to endoscopic
examination.

In chapter 13 kinetic analysis was pérformedvfollowing single
intravenous (25mg) and oral (200mg) doses of the novel partial opioid
agonist meptazinol (Meptid) in patients with non-cirrhotic liver
disease (NCLD) and biopsy-proven cirrhosis. Comparison was made with
a group of patients with normal hepatic function. There was no
significant alteration in the plasma clearance of the drug (cirrhotics
= 83.5 + 8.7 L/hr; NCLD = 98.4 + 11 L/hr; control = 78.5 + 7.3
L/hr). Following the oral dose, 7 out of 15 cirrhotic patients
vomited but only 1 patient in each of the other groups was unable to
tolerate the drugb (o = 0.06). This may be explained by very much
higher peak meptazinol concentrations in the cirrhotic (n=8; 184 +
37ng/ml, p<0.01) and NCLD (n=8; 131 + 38ng/ml, p<0.05) patients than
those of the controls (ri=7; 53+ 12ng/ml) reflecting a mean four fold
and two fold increase in oral bicavailability respectively .
(cirrhotics: n=8; 27.9 + 5.3%: p< 0.001; NCLD: n=7; 13.7 i3.9%:
p<0.05; controls: n=7; 6.5 + 1.3%). There was no evidence of
accumilation following chronic dosing with 200mg meptazinol four .times
daily for 13 doses in 7 control, 7 NCLD and 6 cirrhotic patients as
would be predicted by the lack of change in drug clearance. There was
no correlation between the elimination of midazolam and the
elimination of either antipyrine or indocyanine green. There weré no

detectable differences in psychomotor function measured objectively
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using the Leeds Psychomotér Tester or subjectively by iinearvanalogue
scoring‘between the groups in all three parts of the study. This
study shows that the use of meptazinol in cirrhotic patients is likely.
to be limited by gastrointestinal intolerance rather that excessive
sedation. These two studies provide further evidence that there is
little value in the use of probe drugs to predict the elimination of
other molecules in a disease state.

In chapter 8 the kinetics of antipyrine elimination were measured
in patients with porphyria in attack and remission and a control
group. The clearance of antipyrine was significantly ioWer in
patients witﬁ acute attacks of porphyria compared to the other two
groups (In attack = 0.37 + 0.06 ml1/min/kg: In remission = 0.55 + 0.17
ml/min/kg: controls = 0.63 + 0.18 ml/min/kg: P < 0.02), There were
no significant correlations between the indices of porphyria
-metabolism and the measurements of antipyrine kinetics. These data
show tﬁat the elimination of Antipyrine is reduced in acute attacks of
.porbhyria, indicating that there is a reduction in the functional
capacity of cytochrome P450 in these patients. The total lack of any
correlation between antipyrine kinetics and the markers of porphyrin
metabolism suggest that these changes occur as a result of.haem
deficiency rather than a functional inhibition of the enzyme system.

The disposition of antipyrine and indocyanine green Qas studied
in 11 patients with congestive cardiac failure (CCF) before and after
treatment and 32 control patients (chapter 14). The antipyrine
distribuation was not significantly altered in patients with CCF. The
indoéyénine green half life was significantly prolonged in patients
with CCF (CCF = 10.0 + 8.0 min; Control = 4.2 + 1.1 mins: p < 0.01).

The indocyanine green disposition was not significantly altered in a

.
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further 12 patients with valvular heart disease but without evidence
of CCF. There was a close correlation between the I(G half life and
the clinical assessment (r = 0.99; p < 0.001). In the 12 patients
without CCF there was no correlation between cardiac pressure
measurements and the disposition of antipyrine or indocyanine green.
This study suggests that changes in liver blood flow may be an
important determinant of the changes in drug metabolism seen in
patients with CCF.

In chapter 10 the relative value of standard liver function
tests, antipyrine and indocyanine green elimination in the assessment
of the natural history of chronic liver disease. One hundred and
sixteen patients with chronic liver disease were studied. ’When the
patients were divided by diagnostic groups there were similar changes
in the standard liver function tests and kinetic parameters in all the
groups. Thé only exception was that patients with primary biliary
cirrhosis had a marked reduction in the volume of distribution of
antipyrine (controls = 36.3 + 13.7 1; PBC = 25.4 + 7.3 1 : p<0.005).
This suggests that these patients have a reduced total body water,
which may be a consequence of the hyperlipidaemia seen in this
condition. The patients were divided inﬁo those with and without the
major complications of liver disease - Encephalopathy, ascites and
portal hypertension. A reduction in antipyrine clearance of 2, 16 and
14% respectively was found in the patients with these complications.
The reductions in indocyanine green clearance were much greater at 44,
48 and 37% respectively. The antipyrine clearance was reduced by 26%
in patients with biopsy proven active cirrhosis compared to a
reduction of 50% in the indocyanine greenbclearance. The noﬁ—

survivors had a 3% reduction in antipyrine clearance, and a 75%
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reduction in indocyanine green clearance.

When these data was analysed by multiple regression and Cox's
proportional hazard model, the most powerfull of the kinetic
parameters was the indocyanine green half-life. When this was
included with the patients age in the model all the other biochemical,
histological and kinetic data became redundant. These data show that
indocyanine green elimination provides important information regarding
the severity of liver disease. The dgreater magnitude of change seen
with indocyanine green compared to antipyrine suggests that an |
important determinant of the complications and survival in liver
disease is the functional liver blood flow rather than the hepatic

metabolic capacity.
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INTRODUCTION AND AIMS
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The liver is a highly complex organ which fulfils many different
functions. One of these is the biotransformation and elimination of
of lipid soluble molecules including many drugs. The relationship
between the liver and drug metabolism is complex but is of major
clinical importance.

Patients who have liver disease require medication either as
treatment for their liver disease or for the treatment of unrelated
symptoms and diseases. The response of patients with impaired liver
function can be unpredictabie. Some patients will be unduly sensitive
to sedatives and may become consciousness or suffer from respiratory
depression as a result of the administration of standard doses of
these drugs. Some patients may be unresponsive to some medications
because they have lost the ability to transform these drugs into their
active mgtabolites. It would be clinically useful to be able to
detect the patients with liver disease who have an altered capacity to
metabolise drugs so that appropriate drugs can be selected for. them
and the dose of these drugs tailored to the patients own capacity to
metabolise them.

The altered drug metabolising capacity which occurs in liver
disease may provide important diagnostic information. There are over
50 primary diseases of the liver, and the liver can be secondarily
. involved in a number of other disease processes. In an attempt to
differentiate these diseases hundreds of biochemical tests of varying
complexity have been designed. A few of the diseases can be detected
and characterised by simple non-invasive tests but for the majority
dangerous and invasive liver biopsies are still required. The
various forms of liver disease involve different célls and organelles

within the liver. Similarly various drugs are primarily metabolised
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and excreted by different hepatic structures. It is possible that

specific patterns of altered drug metabolism may occur in different
liver diseases. So that be chosing specific probe drugs in may be

possible to produce a profile of the liver function which may be of
diagnostic importance.

Alterations in hepatic drug metabolism may also provide important
prognostic information. There is no generally accepted measurement of
the severity of liver disease. Advances in the treatment of liver
disease has been limited by the lack of objecfive and repeatable
measurements of the severity of liver disease. Alterations in
mortality rates have been the major measurement of therapeutic
efficacy (CONN & LINDENMUTH 1969, COOK et al 1971). One of the
problems in devising a standard liver function test is that there are
so many different functions and pathological processes which occur in
the liver. Many of these functions and processes impinge on the
metabolism of drugs and it may be that measurements of the rate of
elimination of some drugs may yield important prognostic information.

The principal aim of the thesis is to explore the relationship
between liver disease and the metabolism of drugs. The specific aims
are :

1. To review the literature pertaining to drug metabolism and liver
function to -
.a) Determine the current value of liver function tests.
b) To compile a database of information 6n the alterations in

drug metabolism which occur in different disease states.

2. To determine the value in measuring the kinetic parameters of the

metabolism of different drugs in -



a)
b)
c)
d)

e)
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Detecting subclinical liver disease

Monitoring alterations in liver function
Predicting the natural history of liver disease
Predicting the metabolism of other compounds

Predicting hepatic histology
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CHAPTER 2

NORMAIL LIVER FUNCTION AND THE FUNCTIONAL EFFECTS OF LIVER DISEASE.
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2.1 INTRODUCTION

The liver has more functions than any other single organ in
the human body, the major ‘functions of the liver are shown in
Table 2.1. The extent to which any of the functions becomes
.disturbed in liver disease depends on the nature of the disease
and its severity. These functional variations are important for
two reasons; Firstly, the majority of the signs and symptoms of
liver disease result from these changes rath_er than the
under lying disease process. Secondly, these changes can be used
to produce important diagnostic and prognostic information.
Before assessing the value of drug disposition as a test of liver
function, the current understanding of the functions of the liver

and the functional effects of liver disease will be reviewed.

2.2 METABOLIC FUNCTIONS
2.2.1 Protein

Albumin

The average human body contains about 300 grams of albumin
of which 40% is within the intravascular compartment. The normal
liver produces 10-12 grams of albumin per day which constitutes
about 25% of the total daily hepatic synthesis of protein. The

- turnover of albumin is slow with a serum half-life of 20 days.

Hypoproteinaemia is a common feature of chronic liver

disease. Many factors contribute to its aetiology including
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TABLE 2.1 FUNCTIONS OF THE LIVER

1. METABOLIC FUNCTIONS

PROTEIN METABOLISM
- Albumin synthesis
- Globulin synthesis
- Coagulation factor synthe31s (11,v,vVIi, IX,X)
- Amino Acid turnover
- Urea synthesis
- Ammonia synthesis and clearance

CARBOHYDRATE METABOLISM

- Glycogen storage
Glycogenolysis
Galactose metabolism
Fructose metabolism
Alcohol metabolism
Gluconeogenesis
Lactose clearance

|

1

LIPID METABOLISM

- Ketogenesis
Fatty acid turnover
Triglyceride metabolism
Lipoprotein production
Cholesterol synthesis
Phospholipid metabolism

2. STORAGE FUNCTION
- Vitamin B 12, Iron, Fat, Glycogen

3. HORMONE METABOLISM
— Sex Hormone Metabolism
- = Inactivation of Adrenocortical hormones

~ Inactivation of Antidiuretic hormone

- Conversion of T4 to T3

- Catabolism of insulin

- Catabolism of growth hormone

- Catabolism of glucagon

3. EXCRETORY FUNCTION
' — Bilirubin/Nitrogenous waste products

4. DIGESTIVE FUNCTION
' - Bile acid production

5.  IMMUNOLOGICAL FUNCTION
- Kupffer cell function/Complement metabolism

6. HAEMATOLOGICAL FUNCTION
- Haemopoesis in the neonate

7. BIOTRANSFORMATION OF DRUGS
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.

decreased synthesis, portosystemic shunting (ZIMMON et al 1969),
nutritional deficiency and alterations in the intravascular/
extravascular distribution. Not all these mechanisms may operate
in an individuai patient and in alcoﬁoiic cirrhotics with
hypoalbuminaemié the rate of albumin synthesis may even be normal
(RQI‘HSCHILD etr al 1969, ROTHSCHILD et al 1970). There is
evidence of a compensatory prolongation of the half life of
albumin in liver disease (DYKES 1968, STERLING 1951, WILKINSON
and MENDENHALL 1963). The serum albumin levels can be increased
in chronic liver by the administration of corticosteroids (CAIN
et al 1970) suggesting that the depression of ialbumin may be due,
at least partly, to a change in the regulation of prdduction

rather than finite changes in the hepatic synthetic capacity.

Globulins

The liver is the site of synthesis of the al_pha 1 globulins
, .of which alpha 1 antitrypsin is quantitatively the most
important. Deficiency of this protease results in the early
occurrence of pulmonary emphysema and is associated with chronic
liver disease (SHARP 1976).

Caeruloplasmin is another alpha' 1 globulin which is
associated with aAspecific form of liver disease. It is reduced
in patients with Wilson's disease, which allows copper to
accumulate in the tissues, resulting in damage to the liver and
the central nervous system.. |

Beta globulins synthesised in the liver include transferrin,
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haemopexin, some components of complement, plasminogen and
fibrinogen. The liver is the only site of fibrinogen production.
Inmild liver disease the serum level is either normal or
slightiy elevated (WARDLE 1974). However in severe
hepatocellular disease the serum level may fall as low as 1.5
umol/1 (RATNOFF 1982). Changes in the Beta globulins are seen in
liver disease with increases in viral hepatitis, extrahepatic
biliary obstruction and Primary Biliary Cirrhosis (HOBBS 1967).
The alpha lipoproteins are also synthesised in the liver and
have a short half life of four days, and reductions in serum
levels have been demonstrated in acute viral hepatitis (McINTYRE

and HEATHCOTE 1974).

Coagulation factors

All the coagulation factors except for factor VIII are
synthesised within the liver. They have short half lives varying
from four days for fibrinogen to 2 hours for factor VII.

Following absorption from the gut vitamin K is utilised in
the liver in-the synthesis of Prothrombin (factor II), factor

VII, Stuart factor (IX) and Christmas factor (X). Deficiencies

. of these factors lead to abnormalities in the intrinsic and

extrinsic pathways of coagulation, resulting in prolongations of
prothrombin time and the cephalin or partial thromboplastin time.
In obstructive jaundice there are reduced levels of these factors
““because - reduction in the delivery of bile salts to the gut

results in the malabsorption of vitamin K. The resulting

bleeding tendency is responsive to the parenteral administration
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of vitamin K. In parenchymal liver disease deficiency of these
factors may result from reduced hepatic protein synthesis.

Factor VIII is probably not produced within the liver and
elevated levels have been found in acute viral hepatitis (GAZZARD
et al 1975), alcoholic cirrhosis (GREEN and RATNOFF 1974)' and non
.alcoholic cirrhosis (OUTRYVE et al 1973). Factor V is |
synthesised within the liver but bit is not dependent dn vitamin K
and reduced factor V levels are unusual in uncomplicated
obstructive jaundice (CEDERBLAD et al 1976) and so theoretically
it should be of value in differentiating clotting abnormalities
due to hepatocellular failure from those due to vitamin K
deficiency. Factor XIII is reduced in hepatocellular disease but
not in obstructi.ve jaundice (WALLS and LOSOWSKY 1971).

Abnormal platelet function also occurs .in acute liver

failure (RUBIN et al 1977) and cirrhosis (THOMAS et al 1967).

Aminoacids

B e e T

The liver is the major site of amino acid metabolism. Amino
acids are broken down within the liver to form components of the
carbohydrate and lipid metabolic pathways. Both transamination
and deamination lead to the formation of ketoacids and ammonia,
glutamate, or glutamine. The ketoacids are metaboliéed by the
Krebs citric acid cycle and ammonia is converted to urea by the

Krebs urea cycle. About 85% of human nitrogen excretion is in

the form of urea excretion through the kidney. Removal of about

90% of the functioning hepatic mass is required before there are
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significant alterations in amino acid metabolism. In both acute
and chronic liver disease there is a failure of urea synthesis
(SHAMBAUGH 1978). The maximal rate of urea synthesis is reduced
in cirrhotic patients from 4.46 mmol (65mg) urea N/hr/kg to
1.93mmol (27mg) urea N/hr/kg. ‘There is a resulting fall in serum
urea and-a concomitant increase in serum ammonia levels (ROSOFF
and ROSOFF 1977). Liver failure is also associated with an
accumulation of the straight chain aminoacids with a decrease in

the branch chain amino acids (Leucine, Isoleucine, and Valine).

2.2.2 Carbohydrates

One of the 'major roles of the liver is the maintenénce of
glucose homeostasis. The liver is responsible for disposing of
ingested carbohydrate particularly' glucose ar'1<i fructose. It has
the capacity' to store glucose as glycogen and lipid, and to
create new glucose from glycogen, lipid, aminoacids and glycerol.
The normal liver can store 80-100g of glycogen.

Glucose intolerance is common in chronic liver disease
(ALBERTI & JOHNSON 1986) although the nechanisms by which it
occurs are not well understood. Some of the possible mechanisms
are shown in Table 2.2, Impaired insulin production can occur in
s.ome forms bf liver disease e.g. chronic active hepatitis
(ALBERTI et al 1972) and haemochromatosis, but hyperinsulinaemia

is more common in most forms of liver disease (CONN and DAUGHADAY

. .1970; SESTOFT and REHFIELD 1970; FELIG et al 1970). The hyper- .

insulinaemia is due to defective hepatic clearance of insulin

(JOHNSON et al 1977) which results either from parenchymal liver
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cell failure or portosystemic shunting (JOHNSON et al 1978).

The direct shunting of glucose from the portal circulation into
the systemic circulation occurs in liver disease but is probably
not quantitatively important because under normal circumstances
only about 8% of glucose is extracted on the first pass through

the liver (RADZIUK et al 1978).

TABLE 2.2

THE POSSIBLE MECHANISMS OF GLUCOSE INTOLERANCE IN LIVER DISEASE

1. GENERAL FACTORS

Nutritional deficiency
Potassium deficiency

2. HEPATIC FACTORS

Decreased parenchymal mass
Portosystemic shunting

Decreased glycogen synthetic capacity
Impaired action of insulin

Increased glucagon secretion
Increased cortisol secretion
Increased growth hormone secretion
Haemosiderosis

Hypoinsulinaemia

3. EXTRAHEPATIC FACTORS

Peripheral insulin resistance
Increased non esterified fatty acids
Circulating antagonists :

(After ALBERTI and JOHNSTON 1986)
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The impaired ability to synthesise and store glycogen
remains a likely cause of carbohydrate intolerance. This
may be related to to reduced insulin sensitivity due to either
damaged insulin receptors or increased levels of hormones which
antagonise insulin (QOLLINS et al 1970). Peripheral insulin
resistance occurs in alcoholic cirrhotics (HED et al 1977). It
is possible that other defects of the action of insulin exist at
the receptor and post receptor level.
| A number of hormones antagonise the action of insulin by
dri{zing gluconeogenesis., These include glucagon, gluéo—
corticoids, and growth hormone. Circulating glucagon levels are
elevated in cirrhosis, despite this the production of glucose by
the liver in cirrhotics is normal. If the high glucagon levels
are suppressed by the infusion of somatostatin the insulin
resistance remains (GRE® et al 1974) suggesting that the high
glucagon levels are not primarily responsible for the insulin'
resistance of cirrhosis. Growth hormone levels are elevated in
some cirrhotics but this is a very variable finding and elevated
levels do not correlate with the finding of insulin resistance,
and suppression of elevated levels with somatostatin does not
correct the resistance (GREQ et al 1974). Levels of the other
insulin inhibitory hormones such as cortisol are usually normal
in cirrhosis.
Another possible mechanism of glucose intolerance is the

presence of a circulating non-hormonal antagonist (DZURIKOVA et

al 1974) or the lack of some "glucose tolerance factor" normally

produced by the liver. There is no clear evidence for such a
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factor.

The impaired clearance of galactose in liver disease has
been demonstrated (SHAY et al 1931, ZIEVE and HILL 1955, TYGSTRUP
1964). The liver removes galactose from the circulation and
converts it to glucose by phosphorylation and epimerization.

This is discussed further in Chapter 3.

Normally about 70% of fructose is rapidly converted to
lactate within the liver. This lactate is then rapidly
metabolised but this does not occur in the diseased liver and
results in hyperlactataemia and there have been reports of fatal
lactic acidosis occuring in patients with severe liver disease
givgn fructose infusions. Sorbitol is also potentially hazardous

as it follows the same metabolic pathway.

2.2.3. Lipids

Lipids reach the liver in the form of lymph and as fatty
acids in the portal blood. Within the liver the fatty acids are -
converted by B-oxidation in the mitochondria into acetyl-Coa,
which is one of the key molécules in the production of
cholesterol, triglyceride, phospholipid and lipoproteih. Under
normal circumstances fat makes up about 5% of the liver's weight
but in disease this can increase to 40-50% which is‘mostly in the
form of trileceride. The liver will normally synthesise 1.5 -
2g of cholesterol per day (OLSON 1965). A fall in the liver's
ability to synthesise apolipoproteins is thought to predispose to

the development of fatty liver.
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The first abnormality in lipids noted in liver diseasé was
the e-levation in free cholesterol which particularly occurs in
obstructive jaundice (EPSTEIN 1932). Decreased levels of
Le.cethin: Cholesterol Acyltransferase (LCAT) have been
demonstrated in human liver disease and the levels have
correlated with the percentage of cholesterol present in the
esterified form (SABESIN et al 1977, MONROE et al 1983). LCAT
catalyses the invitro esterification of cholesterol (GLOMSET
1968). Reduced LCAT activity can result from either a reduced
synthesis of the eniyme by the liver or inpairment of release
from the hepatocytes. In acute viral hepatitis the alpha and .
pre-beta lipoprotein bands disappear and reappear on recovery
(GIJONE et al 1971). These §bnormalities are also probably due to
LCAT deficiency (DAY et al 1978).

Hypertriglycefidaemia may occur in acute or chronic .
hepatitis and cholestasis (MCINTYRE et al 1975). Normally
triglycerides are cleared from the blood by'peripheral and
hepatic lipases, in liver disease the peripheral lipases are
normal but there can be a marked reduction in the hepatic lipase
activity (BOLOZANO et al 1975, MULLER et al 1974).

Increases in the beta-globulin fraction of the lipoproteins
have been shown in primary biliary cirrhosis (KUNKEL and ARHENS
1949). These changes in the lipoprotein pattern were shown to be
due to'ﬁhe appearance of an abnorﬁ\al lipoprotein (EDER et al
1955). By removing the ‘normal' low density lipoproteins it was
found that a lipoprotein remained which was rich in phospholipid
| and free cholesterol (SWITZER 1967), tf)is has been called

Lipoprotein-X (LP-X) (SEIDEL et al 1970). The accumulation of
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this lipoprotein does not appear to be related to LCAT
deficiency, and LP-X appears to be virtually specific for
cholestasis (SEIDEL et al 1973). It has been claimed that LP-X
gives a better differentiation of "medical"™ from "surgical"l
jaundice than the other biochemical tests of liver function
(MAGNANI and ALAUPOVIC 1976). This has however, been disputed
(MILLER and JOHNSON 1976, RITLAND et al 1973) and it has been
superceded as a diagnosfic test by ultrasound.

The clinical repercussions of these changes are few. In
longstanding obstructive jaundice xanthelasma and xanthomas may
form, and the high levels of cholesterol may also produce a
peripheral neuropathy. The alteration in the lipid content of
the red blood cells result in deformity of the red cells
producing the characteristic "Target cells" of hepatobiliary

disease.

STORAGE FUNCTIONS |

The liver has large storés of iron, vitamin B12, copper,
lipid énd glycogen. The liver can be damaged by disor;ders of the
storage but with the possible exception of glycogen the
measurement of the storage capacities has little relevance to the
quantification of liver disease but may be of value in the

diagnostic differentiation of the storage disorders.

HORMONE METABOLISM

The liver is involved in the activation, action and

" deactivation of a number of hormones. The polypeptide hormones

are degraded by interaction with specific cell surface receptors.
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2.4.1 Glucagon

Glucagon levels are high in cirrhotic patients, and there is
a significant correlation between the level of glucagon and the
plasma ammonia (KABADI et al 1985). The increased levels of
glucagon may be a physiological response to reduced glycogen
stores in chronic liver disease. Glucagon stimulates
gluconeogenesis and results in the maintenance of blood glucose

levels in these patients.

2.4.2 Testosterone and Oestrogen

The relationship of sex hormones to liver diéease has
recently been reviéweé (JOHNSON 1984). The typical _glcoholic
cirrhotic has low levels of circulating androgens and high levels
of oestrogens. Several mechanisns are responsible for these
alteratiohs including malnutrition, vitamin deficiency, liver
disease, direct gonadal toxicity of alcohol and inhibition of
gonadotrophin production. Gonadal failure can occur in
alcoholics before there is evidence of liver dysfunction.

The major androgen in men is Testosterone which is produced
by the-Leydig cells of the testis and then converted to the more
biologically active dihydrotestosterone. Testosterone is
degraded, mainly in the liver, by conjugation with sulphuric and
glucuronic acid before being excreted in the bile., ' In alcoholic
liver disease .the circulating levels of testosterone are reduced

' (BAKER et al 1976). This is probably due to a combination of the
testicular toxicity of alcohoi (COBB et al 1978) and an

inhibition of gonadotrophin production.
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Oestrogens are also metabolised with the liver by
conjugation with sulphuric or glucuronic acid. Oestradiol is the
most biologically active of the oestrogens and it has been shown
to be normal (GALVAO-TELES et al 1973), slightly increased (BAKER
et al 1976) or markedly elevated (CHOPRA 1976) in chronic liver
disease. Levels of circulating oestrone are elevated in liver
disease, however this has only a weak oestrogeﬁic effect being
only a fifth as potent as oestradiol. The feminisation of the
chronic alcoholic appears to be out of proportion to the
elevation of weakly active oestrone. The hypothesis (EﬁMONSTON
et al 1939) that feminisation in chronic liver disease_occurredv
because of a failure of oestrogen degradatién.is now untenable.

| 1t seems more likely that the feminisation occurs because of

an imbalance in the oestrogen/androgen ratio rather an absolute
excess of either. Howéver, the oestrogen receptors in the liver
are high affinity/low capacity receptors and it appears that
even‘elevationé in androgen levels of a factor of 1000 will not
lead to displacement of oestradiol from these receptors. It is
now suggested that there are altered numbers of oestrogen
receptors in the livers of alcoholic men which ié probably a

result of gonadal failure.

2.4.3 Parathormone

The liver appears to be important in the metabolism of
parathormone (FANG & TASHIGIAN 1972). However, the bone
thinning and spontaneous fractures which occur in chronic liver

disease are multifactorial, with dietary deficiency,
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malabsorption, alterations in vitamin D metabolism playing a

part.

2.4.4 Adrenocortical hormone

Cortisol is mainly degraded within the liver to tetra-
hydrocortisone and subsequently conjugated with glucuronic acid.
Plasma levels of cortisol tend to be normal or reduced in liver
disease although the significance of these results is difficult
to interpret because of the marked reductions in plasma albumin
and cortisol binding protein (PETERSON 1960, SHOLITON et al

1961).

2.4.5 Antidiuretic hormone

Delayed degradation of antidiuretic hormone is believed to
be partly responsible for the hypervolaemia in'chrohiq liver

disease.

2.4.6 ThyroidrHormone

2.4.7

The liver has a major role in thyroid hormone metabolism
being involved in the conjugation, biliary excretion and
deamination of thyroxine and in the deiodination of thyroxine to
the highly active tri-iodothyronine.

The majority of patients with chronic liver disease appear
to bé clinically euthyroid although the biochemical assessment of

thyroid status can be confusing.

Insulin - See Carbohydrates 2.1.2



49

2.4.8 Growth Hormone

The half life of growth hormone is extremely short at about
19 minutes (OWENS et al 1973). The liver and kidneys are the
major sites of degradation of growth hormone. Basal growth
hormone levels are elevated particularly in cirrhosis and this’
has been attributed to a reduction in the clearance (GREQ et al
1974). However, the liver is responsible for about 90% of the
clearance of growth hormone and normal levels have been found in

liver disease (TAYLOR et al .1'972).

2.4.9  Other Hormones

Aldosterone is inactivated in the liver and failure of this
inactivation is one of the factors that results in the retention
of £1luid in liver disease.

Prolactin levels are variable in liver disease, 12% of
patients have a level abové the reference range vbut there is a

poor correlation with gynaecomastia (MORGAN et al 1978).
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2.5 EXCRETORY FUNCTION

The principal excretion product of the liver is bilirubin.
It is a tetrapyrole pigment mainly derived in the reticulo-
endothelial system by the degradation of haem from aging red
blood cells and to a lesser extent from catalase, myoglobin, and
the cytochromes. Bilirubin is virtually insoluble in water and
it is transported in the plasma bound to albumin. The bilifubin
is then taken up by the hepatocytes and conjugated with
glucuronic acid to the mono- and diglucuronide. These feactions
are catalysed by the microsomal enzyme Glucuronyl transferase.
The diglycuronide is highly water soluble and is excreted. in the
bile with little enterohepatic circulation. The hepatic handling
of bilirubin has recently been reviewed (SCHMID 1975).

In liver disease changes in the metabolism of _bilirubin can
occur at five main sites, and all can result in an elevation in
the total serum bilirubin conéentration:—

1. Increased load of bilirubin presented to the liver
cell.

2; Redliced uptake ‘and intracellular transport of
bilirubin.

3. Reduced conjugating capacity.

4, Reduced excretion at the cannilicular surface.

5. Reduced biliary flow. |

The ievel of the serum bilirubin is not a particularly
sensitive marker of the severity of liver disease with
dispropbrtionate elevations occurring in cholestasis.

The liver is responsible for the clearance of a number éf

other substances which accumulate in liver disease. These
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include the weak neural transmitters such as octopamine, and beta
phenylethanolamine. Increases in urine and serum octopamine
levels have been found in patients with hepatic encephalopathy

(FISCHER and BALDESSARINI 1971; MANGHANI et al 1975).

DIGESTIVE FUNCTION
The liver plays an important part in the digestive processes

by the production of bile acids. Bile acids are important

because they are involved in four major pathophysiological
processes:— \

1. Thev production of bile acids from cholesterol provides the
major metabolic pathway in the elimination of cholesterol.

2. The bile acid pool is largely stored in the gall bladder
where they enhance solubilisation of cholesterol.

3. Bile acids stimulate hepatic bile production, and they are
important determinants of the liver's capacity to eliminate
various other endogenous and exogenous metabolites.

4. In the duodenum bile acids act as detergents and emulsify
triglycerides and facilitate the absorption of fatty acids,

monoglycerides, and lipid soluble vitamins.

The normal human liver converts 0.78-1.22 (300 - 500mg) of
cholesterol into bile acids per day. At normal quy Ph the bile
acids are in the fdrm of salts with sodium as the main cation.
The bile salts are large asymmetrical molecules with both
hydrovhobic and hydrophilic regions this allows bthem to aggregate
as large polymolecular structures (micelles). Following

synthesis in the liver the bile salts are conjugated within the
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liver with Glycine and Taurine. About 95% of the bile salts
secreted by the liver are absorbed in the small bowel and
recirculated to the liver. The hepatic uptake of bile acids from
the portal vein is highly efficient with a first pass extraction
of 62% for Chenodeoxychorate 70% for Cholic acid (GILMORE and
THOMSON 1978) and 89% for the unconjugated bile acids (GILMORE

and THOMSON 1981).

IMMUNOLOGICAL FUNCTION

A major part of the bodies reticuloendothelial system lies

within the liver. The Kupffer cells clear bacteria and

endotoxins from the portal vein by phagocytosis and pinocytosis.
The natural portosystemic shunts which occur in liver disease
bypass the Kupffer cell and may in part be responsible for the
high incidence of infection and endotoxaemia in these patients.

Abnormalities in grannulocyte function, humoral immunity,
and lymphocyte function are described in alcoholic liver disease
(ZETTERMAN & SORRELL 1981)

The liver also takes up and secretes IgA. The bile contains

no IgG or IgM but IgA accounts for 40% of its protein content.

HAEMATOLOGICAL FUNCTION

The liver is the primary site of erythrocyte production in
the foetus from the ninth to the twenty-fourth week when the bone
marrow takes over. The potential for haemopoesis remains into
adult life and in somé circumstances of marrow failure the liver

may again become a major haemopoetic organ.
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3.1 INTRODUCTION

There are a wide variety of tests available for the
investigation of patients with or suspected of having liver
disease. These tests are often referred to as "liver function
tests", although it is quite clear that many have little or
nothing to do with either a liver function or the severity of
liver disease. In normal clinical practice these tests are
generally considered as having three basic uses. |

Firstly, as screening tests they are of value in detecting
liver diseasev.. These tests need to be sensitive to changes in
liver function but do not necessarily have to be specific for a
particular liver disease, as they indicate that further
investigation is required.

Secondly, as diagnostic tests they allow the differentiation
of the types of liver disease so that appropriate advice and
therapy can be given. They must be spécific for the individual
types of liver disease but their sensitivity is less important.
A full description of these tests is outwith the scope of this
review but a summary of the major diagnostic tests of liver

" disease is included in Table 3.1.

Thirdly, as tests of the severity of liver disease they can
fulfil four functions:

1) Assessment of Prognosis: An accurate assessment of the
prognosis of a patient with liver disease has become more
important over the last few years as the therapeutic 6ptions
have increased. ‘For patients with fulminant hepatic failure

various techniques of liver support have been developed, and
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for patients with end stage chronic liver disease hepatic
transplantation can be considered. The rational use of
these expensive and potentially dangerous techniques
requires the identification of patients with a very limited
prognosis.

However, the use of quantitative liver function tests
in the assessment of prognosis makes three assumptions
(TYGSTRUP & VILSTRUP 1983). It is unlikely that any of the
current liver function tests fulfils these criteria.

a) The function decreases in a predictable way with the
progression of the disease.

b) Death is inevitable when the function has deteriorated
to a certain degree.

c) ’Ifne test has a predictable relationship to the function.

It is uncertain whether any liver function tesﬁ fulfils any

or all of these criteria.

Drug dosage adjustment: Patients with liver disease may
have an altered capacity to metabolise drugs. The extent of
these changes depends on the drug involved and the severity
of the liver disease. There is no standard method of

adjusting the dose of hepatically metabolised drugs to take

“into account this impairment of metabolic capacity. A

simple adjustment would be of value particularly in the
pfescription of analgesics and sedatives to these patients.
Monitoring: Tests of the severity of liver disease should
allow the monitoring‘ of the progress of the liver disease

and also its response to specific therapies. If accurate
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tests of the severity of liver disease were available these
tests would presumably reflect the progression of the liver
disease towards terminal liver failure, and would then be of
value in the assessing whether new therapies altered the
progression of liver diseése.

4) Detection of complications: Some of the complications of
chronic liver disease, for example poftosystemic
encephalopathy, are notoriously difficult to detect
clinically. They lead to a subtle but significant
deterioration in the patients performance which could be
corrected 1f detected. The testing of all patiénts for
these complications is difficult and it would be of great
value if a subgroup of patients with liver disease who were

likely to have these complications could be identified.

The purpose of this chapter will be to review the currently
available liver function tests and in part‘icular to try to
indentify which tests are of most value in assessing the severity

of liver disease.



TABIE 3.1 THE MAJOR DIAGNOSTIC TESTS OF LIVER DISEASE
TEST HEPATIC DIAGNOSIS
Ferritin Haemochromatosis

Hepatitis Bs antigen
Hepatitis A immunoglobulin
Alpha 1 fetoprotein

Alpha 1 antitfypsin

Antimitochondrial antibody
Smooth muscie antibody
Caeruloplasmin

Leptospira titres

Liver ultrasound

Isotope liver scanning

Computerised axial tomography

Bile ductAimagingv

- iv cholangiogram

- E.R.C.P.

Nicotinic acid test

Liver biopsy

Hepatitis B
Hepatitis A
Hepatocellular carcinoma

Alpha 1 antitrypsin
associated liver disease

Primary biliary cirrhosis
Chronic active hepatitis
Wilsons disease
Leptospirosis
Extrahepatic obstrucfion
Liver tumours

Liver tumours

Gallstones

.Sclerosing cholangitis

Bile duct malignancy
Gilbert's syndrome

Parenchymal liver disease

57
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Liver function tests can best be divided into the following
categories:
1) Tests of a liver function
2) Tests of hepatocellular destruction
3) Tests of bile duct patency

4) Tests of hepatic fibrosis

3.2 TESTS OF A LIVER FUNCTION
All these tests reflect one of the functions of the liver
outlined in Chapter 2.
3.2.1 Serum Albumin

The use of serum proteins to assess liver disease assumes
that changes in the serum level of a protein are due tb
alterations in the capacity of the liver to pr‘oduce that protein.‘
There are however, two major problems with this interpretation.

Firstly, alterations in the serum prbtéins may result from
changes in the anabolism, distribution, catabolism or loss of
protein from the body. Therefore, a reduction in serum protein
levels may not represent a true reduction in the capacity of the
liver to produce that protein.

Secondly, true reduction in the rate of synthesis of a
protein may result from either a reduction in the capacity of the
synthetic mechanism or an alteration in the regulation of the
synthetic mechanism.'. Which in turn may result from some

extrahepatic manifestation of liver disease.
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The relatively long half life of albumin (20 days) make it
an insensitive test of acute liver disease (McINTYRE and
HEATHCOTE 1974). 'I’ne‘daily synthesis of albumin is
approximately 3% of the total albumin pool. If albumin
production ceased totally for a week then the serum albumin would
only fall by 25%. Albumin is the méjor site of protein binding
for acidic drugs (LUNDE et al 1970) and the doses of these drugs
may need to be altered in patients with hypoalbuminaemia.

The insensitivity and lack of specificity for liver disease
result in albumin having a limited role as a liver function test.
However the estimation of serum albumin has the great advantage
of simplicity and provides a rough guide to the severity of
chronic liver disease provided that other causes of
hypo-albuminaemia e.g. nutritional deficiency, nephrotic
syndrome, protein losing enteropathy and catabolic states are

excluded.

3.2.2 Globulin
| Many of the globulins have short half lives and may be

abnormal in liver disease when the serum albumin is still within
the reference range (SKREDE et al 1973). The estimation of the
individual globulins was difficult but a group of liver
function tests was available which depended on abnormalities in
the ratio of the various globulins to albumin. These tests have
been superceded by protein electrothoresis and the immunological
measurement of specific protein factors but included:
a) Cephalin—Cholestefol flocculation test. This test reflecf:s

an increase in the serum globulins and a decrease in the
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serum albumin (BREEN and SCHENKER 1971). The test is more
often positive in parenchymal liver disease than in
obstruction (HILL and ZIEVE 1957) but it lacks specificity
and adds little to the measurement of serum albumin.

b) Thymol tubidity and flocculation tests. These tests are
similarly affected by an increase in the globulin
concentration and a fall in albumin but are also affécted in‘
a major fashion by changes in the lipoprotein and beta
globulin fractions. The tests may be positive in

| hyper1ipaemic state.»
C) Zinc Sulphate turbidity test is more influenced by‘

isolated changes in globulins than the other two tests.

Alpha feto protein is usually only produced by foetal liver
cells, but it has proven to be a sensitive screening test in the
detection of hepatocellular carcinoma (ALPERT et al 1971). The
serum level of alpha fetoprotein is also elevated in the presence
of active hepatic regeneration (WEPSIC & KIRKPATRICK 1979).-

Fibrinogen is reduced in liver disease and is associated
with a poor prognosis (FINKBINER et al 1959). Fibrinogen
deficiency can result either from reduced synthesis or from
excessive consumption in disseminated intravascular coagulation.

The acute phase reactants are a group of proteins which
either rise or fall in association with tissue necrosis (WEST et
al 1964). The changes which occur in liver disease are generally
difficult to interpret and they are not of diagnostic or
prognosticv help. V

The concentration of beta 2 microglobulin is elevated in the
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majority of patients with chronic active or persistent hepatitis
and in alcoholic cirrhotics but is normal in alcoholic fatty

liver (HALLGREN 1979).

3.2.3 Pseudocholinesterase

Pseudocholinesterase is an enzyme whose serum level falls
when there is protein catabolism and rises during anabolic
phases. It has been used in prediction of liver function

following portocaval shunting (HUNT and LEHMANN 1960).

3.2.4 Coagulation Factors

The prothrombin time is the most useful test of coagulation
in patients with liver disease. It measures the rate at which
prothrombin is converted into thrombin in the presence of
thromboplastin, calcium ions. It is influenced by factors I, II,
"V, VII and X. In the absence of a deficiency of vitamin K the
prothromin time is only prolonged in seveie hepatocellular injury
(GREEN et al 1976) and has prognostic value in fulminant hepatic
failure. A progressive prolongation of the prothrombin time has

' particularly ominous significance in acute viral hepatitis or in
hepatic damage due to an overdose of paracetamol. Some of the
individual clotting factors also have prognostic value. A factor
VII of less than 8% of the normal mean vélue indicates a poor

prognosis in acute liver failure (DYMOCK et al 1975).A'

3.2.5 Urea Synthesis

The rate of urea synthesis in response to an aminoacid load

is impaired in patients with cirrhosis (RYPINS et al 1980). A
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serum urea approaching zero then this is a sign of a poor

prognosis (SHERLOCX 1985).

3.2.6 Aminoacids

In chronic liver disease the pattern of aminoacids in the
peripheral blood shows an elevation of the aromatic aminoacids
phenylalanine, tyrosine, tryptophan, methionine, glutamate, and
aspartate with a reduction in the branch chain aminoacids valine,
leucine, isoleucine. No correlaﬁion has been found between
these changes in aminoacids in chronic liver disease and the
severity of the disease as reflected by elevations in the serum
transaminases (ROSEN et al 1977) and the presence of portocaval
shunts (ZOLI et al 1981). 1In acute liver disease there is an
elevation in all the the aminoacids except the branch chain
aminoacids and especially methionine which may increase as much
as 27 fold (REQORD et al 1982). There is someb corréiation
between the severity and prognosis of fulminant liver failure and
changes in the aminoacid concentration (ZOLI et al 1981). The
rise and fall of the serum aminoacids was thought to correlate
well with the level of encephalopathy, particularly the ratio of
the branch chain aminoacids to the aromatic aminoacids was
considered to be important but this measurement is now considered

to be of little value (ZEIVE 1979).

3.2.7 Glucose Tolerance

This is often abnormal in liver disease but lacks
specificity and does not appear to be of diagnostic value. The
coincidence of a high blood sugar and high circulating insulin

levels strongly suggests parenchymal liver disease.
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3.2.8 Glycogen Reserve

The hepatic reserves of glycogen can be tested by
administering 1mg of glucagon intramuscularly or intravenously.
The consequent rise in blood glucose then gives an indication of
the hepatic glucagon content (FELIG et al 1970). This test
lacks specificity and is very dependent on the nutritional

status.

- 3.2.9 Tests of Gluconeogenesis

Alterations in gluconeogenesis can be inferred from
alterations in the concentrations of the precursors of gluco-
neogenesis in the peripheral blood. Blood lactate in particular
correlates well with other tests of liver function with the most
marked changes occurring in cirrhotic patients. The value of the
measurement of lactate is reduced by the stringent requirements
for its sampling (no muscle movement and the immediate rerﬁoval of
protein).  The measurement of lactate may be of particular value
in patients with fulminant liver failure who require parenteral
nutrition, these patients are particularly prone to develop
lactic acidosis because of the liver's impaired capacity to

remove lactate.

3.2.10 Galactose Tolerance

The elimination of galactose by the liver is dependent on
liver blood flow and the hepatic metabolic capacity. When
galactose is administered in a dose of 30 grams intravenously the

metabolic pathway is saturated and the elimination follows zero
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order kinetics. Used in this fashion the elimination of
galactose is only dependent on liver function. At lower plasma
concentrations the metabolic pathway is not saturated and the
elimination becomes a first order process with an exponential
decline in plasma concentrations. The elimination in these
circumstances is dependent on the liver blood flow and the
elimination capacity. The application of this test would be as a
measurement of liver blood flow but it has not been widely used
use of the 1lack of a sensitive assay for’ galactose, although one
has recently been described (HENDERSON et al 1982).

The standard galactose tolerance test consists of the
administration of an intravenous load of 350 - 500 mg/kg body
weight of galactose, and utilises zero order kinetics. A marked
prolongation of the half life of galactose has been demonstrated
in cirrhotic patients with results prolonged by 250-2500%
compared to control subject (ZIEVE & HILL 1955, TYGSTRUP 1964,
TENGSTROM 1969). The galactose tolerance test -diécriminates
better between cirrhotic patients and normal subjects than serum
albumin, alkaline phosphatase, thymol turbidity, or ALT
(TENGSTROM 1969) but was not of value in the differentiation of
fatty iiver from cirrhosis (LINDSKOV 1982). In comparison
to the BSP retention test a modified galactose retention test has
proved to be less sensitive in the discrimination of cirrhotic
patients from healthy controls (ZIEVE & HILL 1955; BIRCHER et al
1973). 1In cirrhotic patients it correlated with most of the
standard biochemical tests of liver function and correlated only

poorly with the clinical signs of and the histological severity
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of liver disease (LINDSKOV 1982). In rats the elimination
of galactose is independent of enzyme inducing agents (KEIDING et
al 1973).

In fulminant liver failure the galactose tolerance test has
some prognostic value being significantly lower in a group of
non-survivors, and it is superior to the standard biochemical
tests of liver function (RANEK et al 1976). However, some
patients with normal galactose clearances and fulminant hepatic
failure die (RAMSOE et al 1§80L A marked reduction in the test
has also been found in patients who develop encephalopathy after
porfosystemic shunting (KARDEL et al 1975).

The test has been simplified by validating the use of an
oral dose of galactose and by changing the sampling to a breath
test. In this test the patient ingests a dose of 14C or 13C
labelled galactose and the elimination of iabelled carbon dioxide
in the breath is measured (SHREEVE et al 1976). The
descrimination between cirrhotics ahd npml subjects was better
with the galactose breath test than the serum bilirubin; alkaline
phosphatase, and serum albumin.

| The major assumption in the use of the galactose elimination
capacity is that there is negligible extrahepatic metabolism or
excretion. This assuxfption is now challenged (LINDSKOV et al

1983).

3.2.11 Storage thction.

The measurement of serum ferritin and serum iron/total iron
binding capacity, caeruloplasmin have some relevance in the

diagnosis of haemochromatosis and Wilson's disease but are not a
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value in assessing the severity of liver disease.
The only storage function which has been explored as a liver
function test is that of glycogen storage which is discussed

above under carbohydrate metabolism.

3.2.12 Bilirubin

The handling of bilifubin in the liver involves several
different hepatic functions including uptake across the
hepatocyte membrane, intracellular transport, conjugation by the
microsomal enzymes and excretion into the biliary canalicdlu;s.
Bilirubin is measured by the Van den Bergh diazo reaction which
splits the bilirubin molecule into two dipyrole azopigments.
Unconjugated bilirubin requires to be dissolved in alcohol prior
to this reaction and therefore gives an indirect Van den Bergh
reéﬁlt. This test is cumbersome and not pai:ticulariyéensitive.
A normal range for serum bilirubin is difficult to define because
the distribution curve for control subjects tends to be skewed to
the right because of the inclusion of some patients with minor
abnormalities the the handling of the pigment. Elevations in the
serum bilirubin has significance as a diagnostic test as well as
indicating the severity of liver damage.

The total serum bilirubin is génerally not a sensitive test
of liver dysfunction (GITNICK 1981) as elevations tend to occur
late in the natural history of most liver diseases and
disproportionate elevations occur in cholestatic 1ivef disease.
A méjor value of the measurement of bilirubin is its specificity
for liver disease. Elevated serum bilirubin levels have been‘

found to be of prognostic value in primary biliary cirrhosis,
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with a level of >34 micromols indicating a three to six year
survival and a level >170 micromols being associated with a
survival of <1.5 years (SHAPIRO et al 1979). In alcoholic
hepatitis bilirubin levels in excess of 100 umol/1 tend to be
associated with a poor prognosis (HARDISON & LEE 1966).

The fractionation_ of the total serum bilirubin into its
conjugated and unconjugated components is of diagnostic value
especially in the diagnosis of Gilbert's disease, when there are
unconjugated hyperbilirubinaemia with less than 20% of the tﬁotal

serum bilirubin in the conjugated form.

3.2.13 Bromosulphthalein

Bromosulphthalein (BSP) is a brominated phthalein dye,

| sodium phenoltetrabromphthalein disulphonate, which is handled by
the liver in a similar fashion to bilirubin. Following
intravenous injectioh BSP is carried in the blood bound>to
albumin and alpﬁa—l—lipoprotein. BSP is taken up by the liver |
cells and is conjugated to glutathione. The conjugated BSP is
then actively excreted across the canalicular membrane (GITNIX -
1981). Retention of BSP is generally considered to be a reliable
and sensitive indicator of hepatic dysfunction (SCHOENFIELD
1965), but it is affected by other factors such as fasting
(BRADLEY et al 1969).

BSP has been used as a sensitive indicator of hepatic
dysfunction in investigations of the mechanisms of intréhepatic
cholestasis of pregnancy (REYES et al 1981). In patients with a
previous history of this condition there was an éyxaggerated

slowing in the biliary phase of the removal of BSP.



68

The elimination of BSP has a biexponential pattern. By
repeatedly sampling for up to 60 minutes it is possible to
calculate the rate of uptake of BSP into the liver cells, of
reflux back into the plasma, and of its transfer into bile
(BARBER-RILEY et al 1961). |

Dibromosulphthalein is a dibromo analogue of BSP, it has a
high hepatic extraction of 80-100% but unlike BSP it is not
conj'ugated, it has a major disadvantage as a teﬁi: of liver
function in that there is active renal tubular excretibn (MEIJER

et al 1983).

3.2.14 Nitrogenous Waste Products

Several of the waste products of nitrogen metabolism haver
been shown to be alteréd in hepatic disease. WMercaptans
(methanethiol, ethanethiol, dimethylsufide) accumulate in severe
disease (McCLAIN et al 1980).

Gamma aminobutyric acid (GARA) is a potent inhibitory
neurotransmitter which is generated in the gastrointestinal tract
by the action of bacteria and is degraded in the liver by GARA
transaminase. ’i‘he accumulatioﬁ of GABA in chronic liver disease
has been implicated in the genesis of portosystemic
enceéhalopathy (SCHAFER and JONES 1982). There are as yet no
data available in human subjects as to the value of GARA in the
prediction of prognosis or in the detection of encephalopathy.

3.2.15 Ammonia

The level of ammonia is raised in cirrhosis particularly in

patients with a marked degree of portosystemic shunting (ROSOFF &

ROSOFF 1977). The role of ammonia in the genesis of
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portosystemic encephalopathy remains obscure. The ammonia
levels are affected by changes in diet, and colonic production of
ammonia and portosystemic shunting. Serum ammonia estimations
have been of some discriminating value in patients with fulminant
hepatic failure (DEMEDTS et al 1974).

Ammonium (hloride Test: The capacity for ammonia metabolism
can be tested by the ammonium chloride test. The patient is
given three grams of ammonium chloride with a blood test for
ammonia prior to administration and at plué 45 minutes. Normal
tolerance is indicatj_ed by a return to baseline ammonia levels
within 45 minutes of administration. The test is now little used
because of improvements in the understanding of the mechanisms of

encephalopathy (KORMAN et al 1974).

3.2.16 Bile acids
Bile acids are both produced and metabolised within the

liver. Marked elevations in bile acids seen in liver disease are
entirely analagous to the changes in serum concentration seen
with many highly extracted drugs. = Porto-shunting of blood round
the liver play an important part in the production of elevated
serum lévels (OHKURO et al 1984). There are four ir\ain methods of
assessing changes in the serum bile acids :-

-a) FaSting bile acids. The measurement of fasting conjugated
bile acids is a less sensitive test in the detection of
hepatic dysfunction than the transaminases (FERRARIS et al '
1983). This test has been modified as a breath test using
15N-labelled ammonium chloride (JUNG et al 1985). There is

a podr correlation with hepatic histology (MILSTEIN et al
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1976, RICKERS et al 1982, LINNET et al 1982, LINNET & RYE
ANDERSON 11983). This test is however more sensitive than
the serum bilirubin (van BLANKENSTEIN.et al 1983). The
correlation to serum albumin, bilirubin and BSP retention is
poor (HIRAYAMA et al 1979).

Post prandialk bile acids. The measzirement of post prandial
bile acids can be considered as an endogenous bil.e acid
tolerance test, in which the patient ingests his own bile
acids following a meal. It was suggested that the post
prandial measurement is a more sensitive indicator of
hepatic dysfunctién than the fasting bile acids (KAPLOWITZ
et al 1973, BARNES et al 1975, FAUSA 1976). The test has
also been found to be more sensitive than indocyanine green
and bromosulphthalvein ciéarances in the detection of minimal
liver disease (JAVITT 1977) although this is disputed (va_n
BLANKENSTEIN 1981). Initially the results were expressed as
a ratio of the trihydroxy to dihydroxy bile acids, however
the value of this ratio has been challanged becadse of its
failure to separate patients with liver diseasé from control
subjects. The test has been modified and the results are
now expressed as the ratio of cholic to chenodeoxycholic
acid. In this form the test is more sensitive for the
detection of liver disease than the fasting bile acids or
the standard \»liver fuﬂction tests (ANGELIM et al 1977).
Although in aicoholics the postpfandial bile acids were less
sensitive than the serum aspartate transaminase in the

detection of minimal liver disease (GALIZZI et al 1978).
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The test has been uséd to discriminate between cirrhotic
patients, normal subjects and patients with extrahepatic
obstruction (PENNINGTON et al 1977).

The first pass metabolism of bile acids is probably not
altered in liver disease so that the test no longer has a
firm thedretical basis. If it is truely a more sensitive
test than the fasting levels then it may be because of
changes in extrahepatic factors such as gall bladder storage
and portal blood flow (GILMORE & HOFMAN 1980).

Bile acid tolerance btest. In this test the tolerance to
exogenous bile acids is assessed. An intravenous test using
cholylglycine (LARUSSO et al 1975) has pr‘oved to be
insensitivé in detecting mild liver disease (THJODLEIFSSON
et al 1977, GILMORE & THOMSCN 1978), but an oral test has
proved to more sensitive (GILMORE & HOFMANN 1980). A test
measuring the capacity of the liver to conjugate cholic acid
is significantly lower in nonsurvivors with viral hepatitis
but there was considerable overlap and a survival limit
could nbt not be defined. Glycine conjugation correlated
with the prothrombin time and galactose elimination
capacity but not with the serum albumin or the antipyrine
clearance (BREMMELGAARD et al 1983).

Breath test. The bile acid tolerance test has been
modified to a breath test to avoid the need for repeated’
blood samples. In this test 14C glycocholic acid is
administered and the excretion of Cl4 is measured in the
breath. the rate of appearance being proportional' to the

rate of elimination of the 14C glychocholic acid by the
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liver. This test is however less sensitiye than the
measurenient of total serum bile acids (GILMORE & THOMSON
1978, THJODLEIFSSON et al 1977).

Potentially the most useful measurement would be the
hepatic extraction of bile acids.' This measurement requires
catheterisation of the hepatic veins and is therefore not

readily available (THOMSON & GILMORE 1981).

3‘.3 HEPATOCELLULAR DESTRUCTION
The majority of tests which reflect the active destruction
of hepatocyteé Aconsist of the measurement of hepatic enzymes in
the peripheral blood. Why these enzymes appear in the blood in
liver disease is not clear. When they do appear they behave like
serum proteins being distributed in the plasma and interstitial
fluid. The half-lives of elimination are usually measured. in
daizs. The mechanism by which these enzymes are cleared is not
fully understood but there is some evidence of clearance by the
reticuloendothelial system (WATKIN & FLEISCHER 1963). '
Four factors aﬁe of importance in det;ermining the level of
" the enzymes in the serum.
a) The 'concentﬁation of the enzyme in the hepatocytes.
- b) The amount of leakage from the hepatothe.
c) The rate at which the circuléting’ enzyme ié cleared
from the blood.

d) The number of liver cells damaged.
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3.3.1 Aminotransferases

The most commonly measured liver enzymes are the aspartate
(AST) and alanine (ALT) aminotransferase, previously known as
serum glutamic oxaloacetic transaminase (SGOT) and serum glutamic
pyruvate transaminase (SGPT). These enzymes catalyse the
conversion of alpha amino acids to alpha-keto acids by the
transfer of an amino group. They have negligible and are present
in high concentration in the liver cells with AST in the
cytoplasm and mitochondria while ALT is found only in the
cytoplasm (BOYDE & LATNER 1961). ALT is considered to be a more
sensitive and specific test of acute hepatocellular damage,
whereas changes in AST occur in chronic damage té the hepatocyte
(CODLEY 1971). The half life of AST is 17 hours which is ‘
considerably shorter than ALT at 47 hours, they have hegligible
renal and biliary secretion (DUNN et al 1958).
Thé total activity of AST consists of different isoenzymes
~which originate either in the mitochondria or the cytoplasm. In
parenchymal liver disease with a raised total AST activity the
cytoplasmic isoenzy:ﬁe is always elevated and the mitochondrial
enzyfnes is high in apprdximately 50% of cases. The mitochondrial
isoenzyme is particularly elevéted in patients with metastatic
| liver disease (SKRHA et al 1978); The ratio of mitochondrial AST
to total ’AST is significantly elevated in alcoholics with and
~without evidence of liver disease compared to nonalcoholic
controls and patients with viral hepatitis (NALPAS et al 1984).
In acute liver disease the ALT and AST are usually markedly
elevated and a féll in the enzyme lével usually precedes a

clinical improvement. A persistent elevation of the amino-
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transferase for six or more months following an attack of acute
hepatitis is suggestive of progression to chronicity and is an
indicétion for a liver biopsy. The correlation between the
" transaminases and the histological findings is poor so that
~attempts to tailor the dose of steroids to the transaminases has
not proved to be useful.
The estimation of AST has béen found to be a more sensitive
measure of minimal liver disease in alcoholics than either
postprandiavl bile acids or the amino@yrine breath test (GALIZZI |

et al 1978).

3.3.2 Ornithine carbamyl transferase

This measurement of this enzyme is not widely available
because of the complicated methodology iﬁvolved. It is a
mitochondrial enzyme and elevated levels are fouhd only in liver
disease and are particularly assbciated with active
heéatocellular damage (REICHARD 1961). Measurement of ornithine
ycarbamyl tranferase has been found to be a more sensitive

indicator of liver disease than AST and ALT (SKREDE et al 1973).

3.3.3 Lactate dehydrogenase

Many different tissues contain lactate dehydrogenase and
elevéted levels therefdre lack diagnostic épecificity. There are
: five’major isoenzymes of which LDl is predominantly found in
liver tiséue and the serum activity enzyme is elevated in

‘condit‘:i‘ons of hepatocellular damage (MASSEY et al 1971).
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3.3.4 Isocitrate dehydrogenase

This enéyme is found in the hepatic cytoplasm as well as in
skeletal mascle, the heart and the ki‘dney. Elevated levels are
usually indicative of liver disease but the measurement does not
appear to have and particular benefit over the measurement of the

other enzymes (OKUMURA & SPELLBERG 1950).

3.3.5 Sorbitol dehydrogenase

This enzyme is almost exclusively found in the liver and
elevated levels are found in patients with hepatocel'lularldamage '
but its use is limited by its instability in blood (DeRITIS et al

1965) .

3.3.6 Glutamate dehydrogenase

This is a mitochondrial enéyme which is found in the 1iver, ,
heart, 'kidnvey and skeletal muscle. A comparison of glutamate
dehydrogenase and AST in alcoholics suggested that the former was
‘the more sensitive indicator of hepatocellular damage (VAN WAES &

- LIEBER 1977). However a recent study found that elevated levels
of glutamté dehydrogenase reflected recent alcohol intake rather

than hepatic histology (JENKINS et al 1982).

3.3.7 Guanase
Guanase activities are high in the brain, liver and kidney
but are ”lowk in the} myocardium, pancreas and skeletal muscle.
Serum guanase activity is elevated in acute and chronic liver
~ disease and there is a suggestion that it is a more sensitive

predictor of liver dysfunction than gammaglutamyl transpeptidase,
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ALT, AST (ITO et al 1982).

Aldolase

Fructose 1,6 diphosphate aldolase occurs as three |
isoenzymes. The A isoenzyme occurs in muscle, aldolase B in the
liver and aldolase C in the brain. Elevated levels of aldolase B
have been demonstrated in patients with acute and chronic liver

disease and hepatic neoplasia. Levels corelated closely with ALT

" levels but B aldolase has the advantage that it is liver

3.4

specific (ASAKA et al 1984).

BILE DUCT PATENCY

In most forms of liver disease there is some degree of
hepatocellular destruction and some obstuction to the flow of
bile. The relative proportion of each component varies in each
type of liver disease. It is of great therapeutic importance to
be able to distinguish patiénté with predominantly biliary

obstruction, particularly those with an extrahepatic lesion.

3.4.1 Alkaline phosphatase

The most commonly utilised measurement which is used as an

* indicator of biliary obstruction is the serum alkaline

phosphatase (AP). The term alkaline phosphatase is used for a
group of enzymes which catalyse the hydrolysis of a number of
organic phosphate esters with the liberation of inorganic
phosphate and én organic radical. Different isoenzymes are found
in the liver, kidﬁey, bone and intestiné. The liver enzyme is

found in the microvilli of the bile canaliculus and it may
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participai:e in transport mechanisms but its basic functions
remain unknown.

Elevation of alkaline phosphatése are seen in biliary
obstruction, metabolic bone disease and diffuse infiltration of
the liver with the highest levels being' recorded in complete
extrahepatic biliary obstruction. The activity in the serum of a
patient with obstructive jaundice comprises two components. One
derived from the liver cells is identical to the liver isoenzyme
and the other only appeafs in biliary obstruction and is derived
from bile (PRICE & SAMMONS 1974). Elevated levels of the enzyme
are due to an overspill from the hepatocyte, whose content of the
enzyme is increased in biliary obstruction (KAPLAN 1972).
Quantitation of the biliary isocenzyme has been suggested as a
method of improving the sensitivity of alkaline phosphatase in
differentiating total biliary obstruction from partial
obstruction (PRICE & SAMMONS 1976), although this is disputed
(SORENSEN et al 1981). Intrahepatic cholestasis can not be
clearly distinguished from extrahepatic/ cholestasis on the basis
of alkaline phosphatase estimations (GUTMAN 1959). The
intestinal isoenzyme may provide a better guide to this
differentiation (WARNES et al 1977). The basis for this approach
is that the presence of bile in the bowel is necessary for the
felease of the intestinal isoenzyme, and in biliary obstruction
the levels of this isoenzyme will be either reduced or absent.

A further isoenzyme alpha-l1 has been claimed to be specific

for hepatic metastasis (VIOT et al 1979).
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3.4.2 5 Nucleotidase

5-nucleotidase is a phosphomonoesterase that hydrolyses the
‘nucleotide attached to the 5 position of a pentose chain. It is
widely distributed in the body and in the liver it is located in
the sinusoidal and canalicular membranes. Elevations in the
serum occur in patients with liver disease and in women in the
third trimester of pregnancy (KATER & MISTILIS 1972). It is not
elevated in bone diseases (KAPLAN 1972). Elevated levels are
found in all types of liver disease but tﬁe most marked changes
are found in cholestasis. The changes in 5-nucleotidase activity
tend to paréllel those seen in the alkaline phosphatase but tend
to fall more rapidly on the relief of the obstruétion. The
alkaline phoShatase tends to be more sensitive, and for this
reason it is irrational to use the estimation of 5-nucleotidase
as a method of confirmation of liver disease in patients with an
elevated alkaline phosphatase (CONNELL & DINWOODIE 1970). The
main clinical application of 5-nucleotidase estimations is the

confirmation of liver disease in children.

3.4.3  Leucine aminopeptidase

Leucine aminopeptidase is a proteolytic enzyme which
hydrolyses amino acids. Elevations of leucine aminopeptidase are
found only in patients with diseases of the hepatobiliary system
and pancréas’ (NACHLAS et al 1957). The levels are particularly
high in patients with obstructive jaundice due to a carcinoma of
the head of the pancreas (RUTENBERG et al 1958). It is also

elevated in pregnancy (BRESSLER & FORSYTH 1959), but it is not
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increased in patients with bone disease (RUTENBERG et al 1958).
It shows a similar sensitivity as alkaline phosphatase and 5

Nucleotidase.

3.4.4 Gamma glutamyl transpeptidase

The serum levels of gamma glutamyl transferase (GGT) are
elevated in all forms of liver disease and éarticularly high
levels are found in patients with obstructive jaundice (LUM &
GAMBINO 1972). Five isoenzymes have been demonstrated only two
of which occﬁr in normal individuals (WENHAM et al 1979). The
enzyme is not confined to the liver and high levels are found in |
some non-hepatic conditions includihg renal neoplasia, nephrotic
syndrome (ORLOWSKI 1963), renal transplant rejection, acute and
chronic pancreatitis, congestive cardiac failure (RUTENBERG et al
1963), diabetes mellitus (GOLDBARG et al 1963) and angina
pectoris (HEDWORTH-WHITTY et al 1967), but it is ndt elevated in
pregnancy. Elevated levels are also found in patients taking
drugé which ‘induce tha hepatic monoxygenase enzymes (ROSALKI et
al 1971). It has therefore been éuggested that it may be of
value in monitoring the abstinence of alcoholics (HORNER et al
1979).
| The high serum levels seen in extrahepatic obstruction areb
not sufficent to coﬁfidently differentiate 'medical' from
'surgical' jaundice (KEANE and GARCIA 1973). The levels seen in
cirrhotic patients are very variable and an elevation in the
enzyme may be the only biochemical abnormality. The serum levels
do not correlate closely with the levels in the hepatocyte,

suggesting that increased concentrations in the hepatocyte may
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not be an important mechanism in the production of high serum

levels (SELINGER et al 1982). There is a tendency for the serum

ievels of the enzyme to fall in the terminal phases of liver
diseasé preSumably because of a failure in its synthesis (NOSSLIN
et al 1966). The complete absence of the enzyme from bone
togetherﬁith its greater se_nsitivivt'y in cholestasis (WHITFIELD
et al 1972) and its ease of estimation have resulted in the
widespread use of the enzyme as a means of confirming that an
elevated alkaline phosphatase is of hepatic origin (LUM & GAMBINO
1972).

There is no information available én the prognostic value of
GGT but its greater sensitivity for liver disease compared to
bilirubin, aminotransferases, and alkaline phosphatase make ivt‘a

useful screening test.

HEPATIC FIBROSIS

The normal architecture of the liver is supported by a

~ framework of connective tissue. This consists of collagen which

is a heterogeneous class of extracellular proteins with a unique
aminoacid composition. Three distinct forms of collagen have
been isolated and are designated as collagen I,II,III. In

chronic liver disease this framework becomes thickened and

~distorted. Increased deposition of type III collagen occurs in -

early fibrosis (PROCXOP et al 1979) and type I collagen is
produced in the later stages of fibrosis (ROJKIND 1981). -
Collagen is formed by the activation of amino acids in the

tibosomes. Specific enzymes including prolyl hydrolase, lysyl

hydrolase and glycosyltransferase act on the procollagen which is
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then secreted into the extracellular space where the prbcol lagen
peptidases remove the peptide extensions from the amino’ and
carboxy terminals‘ (PROCKOP et al 1979, FESSLER & FESSLER 1978).
The collagen fibrils and possibly procollagen are later degraded
by collagenase. |
A noninvasive measure of hepatic fibrosis might be of
‘cliniCal value in distinguishing patients with active cirrhosis
and also patients with the committed precursors stages of
cirrhosis from those w1th inactive disease. In cirrhosis the
'vliver coﬁtent of collagen increases five fold. The mechanism by
which collagen accumulates is unknown but four process can be
involved (CARTER et al 1982) :- |
1. An increaéed rate of collagen synthesis
2. BAn increased production of type IV collagen which is
resistant to degradation by collagenase |
3. An increase in the number of collagen’cr‘oss links,
" which also render collagen more resistant to collagenase
4, An alterétiori in the activity of collagenase
The nonihvasive measurements which are used in the
assessment of intrahepatic fibrogenic activity are based on three
" basic -principles:— |
é) Analysis of metabolic products which are either needed
~ in the synthesis of collagen or are released during its
degrédation. These include proline, hydrdxyproline and
the analysis of the amino-terminal peptide for type III
collagen.
b) vMeasurement of serum metabolites which induce or.

stimulate collagen formation in vitro.
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c) Measurement of enzymeé involved in the modification of
collagen including prolylhydroxylase and galactoSyl—

hydroxysyl glucosyltransferase.

The concentration of hydroxyproline is‘ increased in éatients
developing chronic li‘ver disease. Elevated levels of prolyl
hydrolase have also been demonstrated in the early stages of
cirrhosis (MAMN et al 1979).

An alternative approach to the non-invasive detection of
hepatic fibrosis is the determination of the aminoterminal
propeptide type III. This is elevated :m patients with alcoholic

~cirrhosis comparéd to controls (ROHDE et al 1979). In another
study type III procollagen peptide levels could not be used to
differentiate alcoholic cirrhosis from alcohol associated fatty
liver, although grossly elevated levels were suggestive of
alcoholic hepatitis (NIEMELA et al 1983). There remain
considerable methodological problems in the measurement of ﬁhis

peptide (ROJKIND 1984).

3.6 COMBINATION TESTS OF LIVER FUNCTION
The liver has many different functions, it is possibly that
the assessment of a combination of functions may yeild more

information than the measurent of a single function.

3.6.1 Child's classification

The best known of the combination indices of liver function
is the Childs' classification (Table 3.3) which was later

- modified by PUGH (PUGH et al 1973). This index provides a
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scoring system for clinical and biochemical features of liver
disease (TABLE 3.4). Those patients who have a total score of 5
or 6 have well preserved liver function and are classified as
Child's grade A. Moderate liver function is a score of 7,8,9
(grade B) and severe liver disease is a total score of > 9 (grade
C). The original'application of this grading was in the
selection of patients with bleeding oesophageal varices for
portocaval shunts. Theitwo main problems of this grading are
that the assessment of ascites and encephalopathy are highly
subjective and that the biochemical measurements can be very
unstable following aﬁ acute gastointestinél bleed, with the
bilirubin in particular being disproportionately elevated.
Discriminant functional analysis of the Child's classification
show that in the prediction of survival there is a high degree of
correlation between the individual components, and therefore the
index contains redundant information (BARBARE et al 1985).' The
childs classification has less prognostic value than an index
derived by multivariant analysis (CHRISTENSEN et al 1984).
Despite these problems the Chi]sz classification remains the
standard method for differentiating the severity of liver

disease.
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CHILD'S CLASSIFICATION OF THE SEVERITY OF LIVER DISEASE

Grade A Grade B Grade C
Serum Bilirubin < 40 40-50 > 75
(umol/1)
Serum Albumin > 35 30-35 < 30.
(9/1) ' '
Ascites None Easily Poorly

controlled controlled
Neurological Disorder None Minimal Advanced
coma

Nutrition Excellent Goodv Poor

(Erom CHILD 1964)
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TABLE 3.4 PUGH'S MODIFICATION OF CHILD'S CLASSIFICATION OF THE

SEVERITY OF LIVER DISEASE.

POINTS SCORE FOR INCREASING ABNORMALIY

1 2 3
Encephalopathy (Grade) None =~ . lor 2 - 3or 4
Ascites ’ Absent Slight Moderate -
Bilirubin (mg/100ml) 1-2 2-3 >3
Albumin  (g/1) > 35 28 - 35 < 28
Prothrombin time (sec ) 1-4 4-6 > 6
Bilirubin in Primary :
Biliary Cirrhosis ’ 1-4 4-10 - > 10

" (From PUGH et al 1973)



86

3.6.2 Simple ratio procedures

Since biochemicalytésts of liver function were introdﬁced
attempts have been made to combine two or moré of these tests in
a simple ratio to provide a third more sensitive or specific
test. Initially it was suggested that an AST/ALT ratio of >1
was suggestive of cirrhoéis, hepatocellular carcinoma, metéstasis
or lymphoma, and a ratio of <1 suggested extrahepatic
obstruction, viral he?atit-is, or drug induced hepatotoxixity
(WROBLEWSKI 1958). More recently interest in the AST to ALT
ratio has been revived by the suggestion that a ratio of greater
than 2 is highly suggestive of alcoholic hepatitis and cirrhosis
(COHEN & KAPLAN 1975). A ratio ’>2 was found in 70% of patients
with alcoholic cirrhosis or hepatitis compared to only 8% of
patients with chronic aétive hepatitis, 4% with viral hepétitis,
and ho patient with obstructive jaundice. However a ratio of >2
was found in 26% of patients with cryptogenic cirrhosis. AST is
predominantly a cytoplasmic enzyme where as ALT ofiginates
predominantly :Efom a mitochondria so that an explanatioh of these
findings is that'.a 1§w AST’/ALTY' suggests some impairment of the
cellular membrane and a high ratio suggest mitochondrial damage,
as in alcoholic liver disease (SKREDE et al 1973). This
,explaination is unlikely to be correct because the finding of a
high ratio does not correlate with elevated levels of the
mitochondrial enzyme ornithine carbamyl transferase. The change
in the ratio has been shown to be due to a reduction of the
concentration _of ALT in the hepatocyte rather than to a

differential pattern of release (MATLOFF et al 1980). These
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changes may to some extent be due to deficiency of pyridoxal 5-
phosphate (DIEHL et al 1984), the biologically active form of
vitamin B6. This vitamin is necessary for the activation of the

aminotransferases.

3.6.3 Correlation matrices

Correlation matrices have been used to suggest that the
standard liver function tests are themsellves depéndent on four
under lying hepatic functions (MILOSZEWSKI et al 1970). These
functions were : |

1. Disturbance or modification of the hepatocyte

membrane. This was most reflected by changes in the
zinc sulphate and thymol tu‘rbidities and the ALT,

2. Protein synthesis. This is shown by changes in the

serum albumin and prothrombin time.

3. Hepatic excretory function. This is best reflected by

the alkaline phosphatase and serum bilirubin.

4, TImmunological function. This function is reflected in

the standard liver function tests by the serum

globulins.

3.6.4 Discriminant function analysis
In discriminant function analysis a set of weighting factors
are added to the individuals test results. The sum of the
weighted test profile is then termed the 'discriminant’
| d = wltl + w2t2 +w3t3 ...ceveeeeewntn
where d is the discriminant , wl......wn are the weighting

factors for test results tl........tn. The analysis depends on
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the definition of prearranged groups in the data for example non-
survivor and survivors or diagnostic groups. The weightings are
the calculated to minimise any within group variation and to
maximise betwean group variation.

Initial studies of this technique produced results for the
differention of six forms of liver disease which were not better
than random guessing (BARON 1970). This analysis has now been
applied to the diagnostic value of standard liver function tests
in large groups of patients with liver disease. It was found
that the optimum group'of tests for the differentiation of liver
diseases was very dependent on which liQer diseases were to be
separated. On a standard battery of six tests about two thirds
of the patients were allocated to the correct disease group. The
most significant information was derived from the alkaline
phosphatase and either the AST or ALT.

Another application of these methods is é computer based
index for the diagnosis of parenchymal liver disease. The system
considers 14 pieces of information of which it found 9 to be of
value in differentating the diagnosis in an individual case. The
system‘produced the correct diagnosis in 53% of the cases and
included the correct diagnosis in a list of two likely diagnoses
in 73% of cases. The nine components in order of their
effectiveness in producing a diagnosis were :-—

1. Plasma disappearance rate of indocyanine green
2. Alénine transaminase
3. Zinc turbidity test

4. Alkaline phosphatase



89

5. Age

6. Hepatitis Bs Ag
7. Rheumatoid factor
8. AST/ALT ratio

9. AST

Five tests were found to have no discriminant diagnostic
value and they included the serum cholesterol, total proteins,
total bilirubin, albumin to globulin ratio and the gamma globulin
fraction (ITOSHIMA et al 1983). This type of analysis has also
been applied to various parameters of BSP elimination to aliow
the separation of normal subjects from obstructive jaundice from
a group with cirrhosis (MOLINO et al 1978).

This analysis has aiso been used to assess the prognosis in
liver disease. In a group of 129 patients with cirrhosis nine
prognostic variables were evaluated. These variables included
age, ascites, encephalopathy, gastrointestinal bleeding, serum
bilirubin, serum albumin, GGT,AST, and prothrombin time. It was
found that the serum bilirubin and GGT were of particular
prognostic value and a bilrubin/GGT ratio of > 1 was associated
with a 12 month survival of only 12% (POYNARD et al 1984).

In a group of 72 patients with mixed liver disease multi};jle'
regression analysis showed that the best predictors of
histological and clinical severity were Lecithin - cholesterol
acyltransferase (LCAT), total plasma cholesterol, alkaline
phosphatase, and serum bile acids (SIMKO et al 1985).
Discriminant analysis has also been used to construct a simple
nomogram for the assessment of the severity of 1iver dise_ase

(HAMILTON 1977). This was based on the total bilirubin, alkaline
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phosphatase, Zinc turbidity, and alanine aminotransferase. This
nomogram has not been widely applied, probably due to loss in the

- zinc furbidity test being superceded by other liver function
tests.

'Multiple regression anélySis has been used to evaluate
prognosﬁic features in a group of 248 patienté with primary
biliary cirrhosis. Five variables were found to have independent
prognostic significance; serum albumin, serum bilirubin,
cirrhosis, age and central cholestasis. These factors were
combined as a prognostic index which was Qalidated against
independent data (CHRISTENSEN et al l985(an. The same group
applied similar methods to patients with cirrhosis to predict
‘patients who would benefit ﬁrom therapy with prednisolone, Four
variables had therapeutic value. Antinuclear factor and large
piecemeal necrosis were aséociated with a beneficial effect of
orednisolone and ascites and large regenerative nodules were
associated with a deleterious effect of prednisolone (CHRISTENSEN

et al 1985(b)).

3.6.5 Canonical analysis

- Canonical anlysis is a type of descriminant analysis in
‘which there is a transformation applied to the initial wvectors to
'reducevthe within sample ellipsoids of scatter to spheres. This

téchnique allows the weighting of the individual liver function
“tests so that the‘resulting sums of the liver function test for
patiénts with a specific diagnosis is similar and different from

patients with other diagnoses (BARON 1970).
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3.6.6 Artificial Intelligence

An system for the functional assessment of liver disease has
been constructed based on Artificial Intelligence methodology.
The system gives an assessment 6f four aspects of liver function
- biosynthesis, cholestasis, reactivity, cellular destruction.
The data used includes albumin, pseudocholinesterase,
orothrombin-time, bromosulphthalein clearance, bromsulphthalein
retention ét 45 minutes, ALT, AST, isocitrate dehydrogenase,
bilirubin, GGT, rheumatoid factor, immunoglobulin 3,

immunoglobulin G and imminoglobulin M (LESMO et al 1984).

3.6.7 Numerical Taxonomy and cluster analysis

At any given time a patient has a given set of of liver
function test results. These results can be considered as the
coordinates of a point in some multidimensional space. As
further patients are added to this space so the space beqomes
crowded and it is likely that certain groups or 'clusters' will
appear. The basic problem in this method is the desciption of a
cluéter. The distance between two patients is called the
Mahalanobis D2. A small D2 signifies the close proximity of the
pétients. The formation of clusters then occurs as follows.
First the D2 is calculated for all possible patient pairs. .
Second the pair with the smallest D2 are clustered. Third the D2
for each nonclustered pair with the cluster is calculated.

Fourth the D2s obtained are compared to the D2s obtained in stage
1. The lowest D2 is taken and results in a patient either being
added to the original cluster or forming a second cluster with

another patient. The process is then repeated from stage three
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until the D2s obtain fail to reach some preset level of
statistical significance.

The use of cluster analysis has been extensively
investigated in the diagnosis of liver disease with disapointing
results (BARON & FRASER 1965, FRASER & BARON 1966); One of the
early computer modéls for‘, the diagnosis of liver disease utilised
two and three dimensional plotting to allow the recognition of
characteristic profiles in specific forms of liver disease

(STRANDJORD et al 1973).

3.6.8 Bayes theorem

A mediéal diagnosis can be considered as an analysis of
symptoms. The physician has én almost unconcious awareness of
the relaﬁive frequencies of any symptom in any disease state, and
a d‘iagnosis involves the eliciting of symptoms and an awareness
of the relative probabilities of those symptoms. If Sp denotes
the patients symptom profile, and D represents one particular
disease then the-'con‘ditional probability' is denoted as p(D/Sp).
This probability is dependent on two main factors. Firstly the
overall statistical chance that a patient has a particular
disease for example in alcoholic livef disease has a prevelance
of 1 in 10,000 then before the patient divulges any symptom there
'is a probability of 0.0001 that he has alcoholic liver disease. f
This is termed the ‘population factor' and is denoted as P(D). |
'I'né second factor determining the conditional proioability is the
probability that any patient with disease D will have Athe symptom
profile qf the presenting patient this is denoted as p(D/sp).

The relationship between these factors is described by the
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equation :-

p(D/sp)= % * P(D)*P(sp/D)

k is a constant relating to the experience and practice of
the physiciaﬁ involved.

Usual ly the equation will be used to calculate the
conditional probabilities of at least two diseases. The
equations are then :-

p(D2/sp)=1/k * P(D2)*P(sp/D2)
' p(DL/sp)=1/k * B(D1)*P(sp/Dl)

The relative probability of the two diseases can then be

‘expressed by cancelling k out of the equations as |

p(Dl/sp)=1/k * P(Dl)*P(sp/Dl)
p(D2/sp)=1/k * P(D2)*P(sp/D2)

This equation can then be expanded to consider the relative
probabilities of a any number of diseases. This technique makes
two major assumptions, firstly that each disease state is
- mutually exclusive of the others and secondly that there is no
correlation between the individual components of of the symptom
profile. | |

Discriminant analysis was used by TENGSTROM to evaluate
serum bilirubin, thymol turbidity, alkaline phosphatase, ALT and
the galactose tolerence test in the differentiation of cirrhosis
‘from viral hepatitis, biliary o'ostfuction and patients with
normal liver biopsies (TENGSTROM 1969).

An evaluation of this type of analysis has been applied in a
computer based system has been applied to the differential
diagnosis of jaundice. This system takes account of 72 pieces of

information taken from the history, physical examination,
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biochemistry and haematological reports. The accuracy in
diagnoses between 11 causes of jaundice was 77% and in the
differentiation of surgical from medical jaundice the system was

accurate in 95% of cases (STERN et al 1975).
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INTRODUCTION
All therapeutic agents which are absorbed into the body

require to be excreted. Some drugs are water soluble and can be
directly excreted from the human body in urine, bile, sweat or
other body secretions. However the majority of drugs are lipid
soluble and require to undergo biotransformation within the body
to render them more water soluble. This improves their excretion
in two ways. Firstly, the metabolites can be filtered out of the
circulation by the renal glomeruli and secondly because they are -
less able to penetrate lipid membranes therefore they are less
likely to be reabsorbed from the renal tubules. The rate at
which these transformations Eo aqueous'solubility occur létgely
dictates the rate of elimination of these’drugs from the body.
Most of these transformations occur in the liver and are mediated
by mitochohdrial enzymes.

These transformations are considered to be of two_types
(WILLIAMS 1971). The Phase 1 reactions involve the hydrolysis,

oxidation or reduction of the molecule by the monooxygenase

enzymes in the smooth endoplasmic reticulum. This system

comprises a large number of enzymes the bést studied of which are
cytochrome P-450 and cytochrome P-448. The function'of‘the system
is to supply oxygen‘in the form of high energy complexes. These
reactions generally decrease the pharmacological activity of the
molecule but occasionally a more active molecule is created
(azathioprine to 6-mercatopurine andvprednisone to prednisolone). -
These reactions may also result in the production of a more toxic
metabolite than the parent compound for example pafaceﬁamol.

The second group of transformations (Phase 2) involve the
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conjugation of the parent molecule or its metabolites with a
small endogenous molecule to render them more water soluble.
Conjugation to a variety of molecules including glucuronic acid,
sulphates, aminoacids, acetic acid or glutathione may occur. A
list of some of the drug metabolising reactions and the enzymes
involved is included in TABLE 4.1. It has become clear that many
of these enzymes exist in multiple forms whose activity may be
affected differently by external agents. For example
chiordiazepoxide and diazepam are both primarily metabolised in
the liver by N-demethylation but the elimination of
chlordiazepoxide is profoundly reduced in the elderly whereas the
elimination of diazepam is less affected.

The purpose of this chapter is firstly to examine‘the
factors whichrdetermine the elimination of drugs from the body.
Secondly, to review the drugs which have been used as indiéators

of liver disease.
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TABLE 4.1 HEPATIC DRUG METABOLISING REACTIONS IN MAN

Substrate

Reaction Enzyme
Oxidation
alkyl hydroxylation cytochrome P-450 pentobarbitone
aromatic hydroxylation cytochrome P-450 phenytoin
epoxidation cytochrome P-450 dieldrin
N,S,0-dealkylation cytochrome P-450 aminopyrine,antipyrine
deamination cytochrome P-450 amphetamine
monoamine oxidase  tyramine
N-hydroxylation cytochrome P-450 aniline
N-oxidation cytochrome P-450 spar teine,carbamazepine
S—-oxidation cytochrome P-450 chlorpromazine
desulphuration cytochrome P-450 thiopentone
alcohol oxidation alc: dehydrogenase ethanol
aldehyde oxidation alde:dehydrogenase acetaldehyde
Reduction
azo reduction azo-reductase prontosil
nitro reduction nitro-reductase chlorampnenicol
dehalogenation , halothane
ketone reduction ketone reductase warfarin
Hydrolysis
deesterification. esterase pethidine
deamination amidase procainamide

epoxide hydrolysis

Conjugation

acylation
glucuronidation

sulphation
mercaptopurine acid

formation

amino acid conjugation

N,S,0-methylation

epoxide hydratase

acetyltransferase
glucuronyl
transferase
sulphotransferase
glutathione
transferase
amino acid
transferase
methyltransferase

styrene oxide

isoniazid

propranolol
ethinyloestradiol

paracetamol

acetylsalicylic acid
catecholeamines

From PARK 1982
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4.2 DEFINITION OF PHARMACOKINETIC PRINCIPLES
Pharmacokinétics involves the study of the distribution and
elimination of drugs. Examination of the various pharmacokinetic
parameters can be of value in two ways. Firstly it allows the
description of a profile of a drug and this information is then
of use in determining size and frequency of drug doses. Secondly
in the diseased state information can be gained regarding the

functional capacity of the elimination mechanisms.

4,2.1 Absorption
When drugs are given by moﬁth they are mostly absorbed from

the small bowel into the portal circulation., The speed of
absorption depends on the rate of gastric emptying, small bowel
motility, the surface area of the small bowel, the capacity and
rate of the transport mechanisms and the intestinal blood f£low.
When drugs are given intramuscularly they are directly absorbed
into the systemic circulation and the rate at which this occurs
is dependent on the molecular weight of the drug, its solubility ‘

and the blood flow at the site of injection.

4,2.2 Systemic availability

Biocavailability or systemic availability is the fraction of
an orally administered dose which reaches the systemic
circulation. When a drug is given intravenously it is given
direétly into the systemic circulation and the whole dose is
therefore available to the systemic circulation i.e. it is 100%
bioavailable. When a drug is administered orally some of the
a&ministered dose may not reach the systemic circulation either

because it is not absorbed or because it is metabolised in the
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gut wall or liver. This effect is called the presystemic
elimination or the "first pass metabolism" of the drug. The
systemic availability of a drug can determined by measuring the
area under the drug concentration/time curve following
intravenous and oral administration. Drugs which are undergoing
a major degree of presystemic elimination are listed in TABLE
4.2, bAlterations in the presystemic elimination of drugs can
lead to large changes in the amount of oraily administered drugs

which reach the systemic circulation.

TABLE 4.2 DRUGS THAT UNDERGO SUBSTANTIAL FIRST PASS ELIMINATION.

Acetylsalicylic acid Methyltestosterone
Alprenolol Metoprolol
Aminosalicylic acid Morphine
Amitriptyline Nalorphine
(lormethiazole Nortriptyline
Chlorpromazine Oral contraceptives
Dextropropoxyphene Oxprenolol

Doxepin Paracetamol
Glyceryl trinitrate Pentazocine
Hydralazine Pethidine
Imipramine Prazosin

Indoramin Propranolol
Isoprenaline Propoxyphene
Isosorbide dinitrate Quinidine
Labetalol ' Salbutamol
Levodopa Terbutaline
Lignocaine Triazolam
Lorcainide Verapamil

From BRODIE 1983

In man the factors affecting the presystemic elimination of

drugs are the size and frequency of the dose, the metabolic

capacity of the liver and the degree of portal-systemic shunting.
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4,2.3 Distribution

The relationship between the amount of drug in the body to
the concentration in the plasma is expressed as the apparent
Volume of distribution (Vd). This is influenced by many factors
including the affiﬁity of the drug for different ti‘ssues and the
degree of binding of the drug to protein. .

The apparent volume of distribution can be calculated from
the equation —

vd =D
Co (1)

where D is the administered dose and Co is the blood
concentration back extrapolated on the concentration/time curve

to the time of administration (time zero).

4.2.4 Half-life
The half life is defined as the time taken for the
concentration of the drug to decrease by 50% following absorption
and distribution. It can be expressed by the equation

tl/2=( 0.693 vd )
cl - (2)

It can be seen from this equation that the half—Alife is
dependent both on the volume of diétribution and on the clearance
of the drug. Either of these variables may alter in liver
disease and it is therefore invalid to assume that alterations in
half life reflect alterations in the elimination of the drug

unless the volume of distribution is known.
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4.2.5 Clearance

The clearance of a substance is defined as the volume of
blood from which the substance is irreversibly removed in unit
time. For drugs which follow single compartment kinetics the
clearance (cl) is calculated by the equation :

cl = 0.693.vd
tl/2 (3)

where tl1/2 is the plasma half life.
If the drug shows multicompartment kinetics then the
clearance should be calculated according to the equation :

cl = DOSE
AIC (4)

where AUC is the area under the concentration/time' curve.

The total clearance of a drug can also be considered as the
sum of the clearances of the drug by individual organs. For some
drugs the equation would be :

cl = renal cl + hepatic cl : (5)

For many lipid soluble drugs the plasma clearance is
effectively the same as their hepatic clearance becapse they
cannot be filtered through the glomerulus. For an individual
organ the clearance can be calculated from the concentration of
| drug entering (ca) and leaving (cv) the organ and fhe organ blood
flow (Q).

cl=Q [ca-cv]
ca (6)

The arteriovenous difference is refered to as the extraction
ratio (E).

E=[ca-cv]
ca (7)
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Therefore the clearance can also be expressed as
cl=Q.E (8)

As the extraction ratio approaches unity then the clearance

becomes dependent on the blood flow. Conversely when E is small

then the clearance is dependent on the hepatic extraction and

independent on the blood flow. This relationship can be used to

divided into two groups :-

l.

2.

Flow-limited drugs have a high hepatic extraction ratio

(>.7) and their clearance is then dependent on the rate of
delivery of the drug to the liver i.e. liver blood flow.
These drugs have a large presystemic elimination and can be
recognised because they are either not recommended for oral
use or the recommended oral dose is much larger than the
intravenous dose to make allowance for the large presystemic
elimination. They can be used to monitor changes in the
liver blood flow but this technique assumes that the

hepatic extraction ratio remains constant.

Capacity limited drugs have a low hepatic extraction ratio

(<.3) and their clearance is primarily dependent on the rate
at which the liver can extract them from the portal blood.
Examples of this type of drug include phenytoin, diazepam,
tolbutamide, warfarin , quinidine , digitoxin , and
clindamycin. These drugs are particularly suitable as
models for the demonstration of alterations in the hepatic
metabolic capacity. This technique assumes that the rate
limiting step in their extraction is hepatic metabolism and

not the uptake across the hepatocyte membrane.
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4.2.6 Intrinsic clearance

The intrinsic clearance of a drug is the clearance of the
drug if the organ blood flow was not a limiting factor. The
intrinsic clearance is therefore dependent only on the protein
binding and the activity of the eliminating mechanism.

The intrinsic clearance can be deduced if one assumes that
the concentration of the free drug in the hepatic vein (fbcv) is
equal to the concentration in the hepatic water. Where fb is the
fraction of the dfug unbound to plasma protein. The rate of
removal of free drug from liver water will then be

cl(int) .fbcv

But this is also given by Q(ca-cv)

Thus cl (int) .fbcv = Q(ca-cv)
cl(int)'= Q(ca-cv)
fbcv (9)
since E = ca-cv
ca
then cl(int) = OQE .
£fb(1-E) (10)
then QE = cl(int).fb - cl(int).fb.E (11)
then | QE + cl(int).fb.E = cl(int).fb
"and E = fb.cl (int) ,
Q+fbecl (int) (12)

therefore ¢l = Q . fb.cl(int) .
Qt+fbcl (int) (13)
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This proof is derived from ROBERTS et al 1979

The intrinsic clearance can also be considered in terms of
Michaelis-Menton enzyme kinetics.

cl(int) = Vmax :
Km + C (14)

where C is the drug concentration, Vmax the maximal rate of

metabolism, and Km is the Michaelis-Menton dissociation constant.

4.2.7 Protein binding

Drugs exist in the circulation either as the free unbound
form or bound to a constituent of the blood, the majority of the
binding occurs with aibumin. A reduction in the degree of
binding results in an increase in the concentration of the free
pharmacologically active drug and this results in an enhanced
effect but also may lead to an increased rate of excretion.

The elimination of drugs may be influenced by the drug
binding and drugs can be subdivided on ability of the liver to
extract the drug from the binding sites. Drugs are then
subclassified as :

a) Restrictive drugs where only the free unbound fraction

is available for extraction .

b) Nonrestrictive drugs where both the'bound and unbound drug

are available for extraction.
Drugs can be classified into groups, from which it may be
possible to predict how their systemic availability would alter

in disease states (TABLE 4.3).
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TABLE 4.3 CLASSIFICATION OF DRUGS ACCQORDING TO INTRINSIC CLEARANCE AND

PROTEIN BINDING.

GROUP FREE INTRINSIC CLEARANCE PROTEIN BINDING
I HIGH HIGH
I LW LOW
III LOW HIGH

(Drugs with a hepatic extraction ratio of >30% are classified as
having a high intrinsic clearance, and a protein binding >85% is
considered to be a high value)

From HOYUMPA et al 1978

Group I drugs have a high presystemic elimination, and if .
there is a significant degree of portal-systemic shunting then
there may dramatic changes in the availability of these drugs.
Changes in protein binding have little effect on the clearance of
these drugs.

Group II drugs are independent of liver blood flow and ;he
major determinant of their elimination should bé a change in the
intrinsic\cleérénce; »

Group III drugs have a high protein binding and if this is

high enough then the hepatic clearance becomes proportional to

the degree of drug binding.

4,2.8 Portal-systemic shunts

In chronic liver disease a proportion of the blood in the
portal vein does not come into contact with the hepatocytes but
instead is shunted directly into the systemic circulation. This

shunting occurs both extrahepatically through oesophageal varices
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and intrahepatically as a result of the disturbed liver
architecture. In alcoholic liver disease the degree of shunting
varies between 60 — 80 ¢ of the total liver blood flow (GROSZMANN
et al 1972). This shunting has important pharmacokinetic
consequences particularly for drugs with a high hepatic
extraction ratio.

It is posSible to calculate the degree of shunting which
occurs in liver disease. The "intact hypothesis theory" assumes
that the true hepatic extraction [E(true)] is normal in liver

disease. The hepatic extraction has now to be expressed as:-
E(actual) = E(true).fm (15)

where fm is the proportion of the portal blood flowing through

the functioning hepatic tissue (WOOD et al 1978).

~ From equation (8)

cl (h)r = Q.E = Q.fm.E(true) (16)

But neither fm or E(true) can be directly measured.

Therefore substituting the intrinsic the equation becomes

cl(h) = Q.E = fm.Q.cl (int*)
Q0 + cl(int¥%) (17)

then

fm _ cl(h) , cl(h)
cl(int¥) Q (18)

This equation now allows the calculation of the apparent
intrahepatic shunt, but in order to do this hepatic vein
catheterisation is required to calculate the liver blood flow.

If it assumed that fm will be the same for two different drugs A
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and B then
cl(h)d | cl(h)A _ cl(h)B + cl(h)B
cI(int¥*)A 0 cI(int*)B 0 (19)

and rearranging gives a value for Q

cl(h)A - cl(h)B
Q= [cl(h)B - clth)a ]
[cl(int*)B cl(int*)A ] (20)

this value of Q can then be substituted into equation (16) and
a value for fm obtained (MCLEAN et al 1979). The value of such

calculations has yet to be established.

4.2.9 Route of administration

It is important to consider the route of drug administration
when using drugs as tests of liver function. The oral route
usually provides a more sensitive test. Orally administered are
affected proportionately more by changes in hepatic extraction
than a drug given intravenously. So that a reduction of hepatic
extraction from 90 to 80% will decrease the intravenous clearance

by 10% but the oral clearance by 100% (GILMORE & HOFMANN 1980).

4.2.10 Breath tests

There are two major problems with the measurement of these
pharmacokinetic parameters. Firstly there is é need for frequent
blood sampling in order to define accurate kinetic parameters and
secondly there may be technical difficulties in ;neésuring the
very low concentrations of the drugs which occur in the plasma.

Breath tests have been developed in an attempt to overcome these
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problems. The basis of these tests is that a test drug is
labelled with a small dose of radioactivity, usually in the form
of a 14C atom which is placed in the drug at the site where
meﬁabolism occurs. Following the initial metabolism of the drug
the 14C forms 14Co2 which is then measured iﬁ the exhaled breath.
There are two limitations to this approach. Firstly the
kinetic parameter which is measured is the plasma disappearance
rate which is dependent on both the clearance and the volume of
distribution. Secondly the metabolism of the drug is not
necessarily the rate limiting step in the appearance of the

radioactivity in the breath.

4.2.11 Conventional and distributed models

Various theoretical models have been used to describe the
hepatic handling of drugs. In the conventional model the
hepatocytes are all "lumped" together withiﬁ the liver (FIGURE
4.1) and the liver is considered as a "well stirred" bag of
hepatocytes. This”model predicts that after an instantaneous
injection of a drug into compartment P, the plasma concentration
will decline as defined by the sum.of two exponentials whose
slopes and intercepts are simple functions of the rate constant
for hepatic uptake (kl) and the rate constant for the return of
material from the hepatocytes to the plasma (k2). The drug is
then irre?ersible removed from the liver cells (k3) (RICGHARDS et
al 1959). This model assumes that the plasma volume is a well
stirred compartment and that all the hepatocytes are perfused
with the same concentration of drug rather than the range of

concentrations found down a sinusoid.
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The "parallel tube" model assumes that the liver is
composed of a number of parallel tubes with the enzymes evenly
distibuted. As the perfusing fluid travels down the tubes so the
drug is extracted and the concentration of the drug in the fluid
declines (FIGURE 4.2) (FORKER & LUXTON 1978). In this model a
small central compartment P receives the bolus of drug. The
volume of this compartment is Vp and it represents the volume
into which the drug is instantaneously mixed. A compartment R
contains a portion of the plasma volume, exchangé occurs between
P and R at a rate H which is equivalent to the cardiac output
minus the hepatic plama flow (F). The splanchnic part of the
model contains a parrallel array of sinusoids with a mixing
compartment C and a simple delay represented by compartmént D.
The sinusoidal array consists of é number (m) of identical units
(FIGURE 4.3).

Mathematical analysis of these models suggests that the
"lumped" model systematically underestimates the rate constants
for hepatic uptake and reflux in to the plasma. These errors are
most marked in the initial extraction phase. The estimates of
the excretion rate 'constant and the steady state plasma clearance
were accurate to within 3% (FORKER & LUXTON 1978). A full
appreciation of the two basic models is outwith the scope of this

thesis but the can be found in a review by PANG and ROWLAND 1977.
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FIGURE 4.1 THE CONVENTIONAL OR "LUMPED" MODEL OF HEPATIC

PHARMACOKINETICS
Plasma Liver Cells
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FIGURE 4.2 THE DISTRIBUTED MODEL OF HEPATIC PHARMACOKINETICS
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4.3 THE INFLUENCE OF LIVER DISEASE ON THE MECHANISMS OF DRUG
ELIMINATION

There are three major mechanisms by which liver disease may

result in an alteration in the elimination of drugs and each of

these mechanisms could theoretically be expected to be

particularly relevant to a particular group of drugs. The

mechanisms are :-

l.

2.

Liver blood flow. There are three factors which it is

important to consider in relationship to the liver blood

flow.

a) Total organ flow. This is primarily dependent on the
cardiac output and intrahepatic resistance.

b) Intrahepatic shunts. These are of two types, the large
'anatomical shunts' which allow the passage of 15
micron spheres and red blood cells, and the functional
shunts which are vessels perfusion nonfunctioning
hepatic tissue (GROSS & PERRIER 1975).

c) Extrahepatic shunts. These are the major shunts which
mainly occur round the oesophagus, retro-peritoneal
tissues, umbilicus and scars.

As previously described alterations in the hepatic blood

flow by any of these mechanisms should particularly affect

drugs’given orally which have a large presystemic
elimination.

Activity of the microsomal enzymes. A reduction in

microsomal enzyme activity may result from a reduced number

of viable hepatocytes and possible a reduced functional

capacity of the remaining hepatocytes. This mechanism
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particularly affects the clearance of drugs with a low

hepatic extraction ratio.

3. Plasma Protein. Generally the levels of plasma proteins
are reduced in 1ivér disease. Because there are reduced
numbers of binding sites in the plasma this will have the
effect of increasing the free concentration of the drugs
which are highly protein bound. The free drug has a greater
degree of access to the elimination mechanisms. So that the
major effect of a reduction in plasma proteins will be to
increase the plasma clearance of drugs which are highly and

restrictively bound to the serum proteins.

Two major theories of ‘the alteration of drug elimination in
cirrhosis have arisen. The first termed the "sick cell” theory
suggests that the alterations are due to reduced functional
activity of the microsomal enzymes within the hepatocytes (BRANCH
and SHAND 1976). The se;:ond is the "intact hepatocyte" theory
which states that the alterations in drug elimination are due to
some areas of the liver with normal perfusion and normally
functi'bhing ehzymes and some areas with large portal-systemic
shunts (WOOD et al 1979(b)).

Recent experimental work has cast doubt on the validity of
these theoretical considerations. 1In cirrhotic patients there is
an inconsistent alteration in the total liver blood flow but on
average there is a modest reduction of 15% (BRANCH & SHAND 1976).
This is much less than the changes in clearance which occur in
cirrhosis for many of the highly extracted drugs (Appendix 2). It

would appear that the critical factors producing the reduction in
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clearance is a reduction in the hepatic extraction (HUET and

VILLENEUVE 1983).

There is however a reasonably good correlation

between the clearance of high and low extraction ratio drugs in

liver disease (BRANCH & SHAND 1976). From equation (9) for a drug

like antipyrine with a low hepatic extraction a twofold reduction

in the intrinsic clearance will result in a halving of the total

clearance.

-ie total cl

total cl

with a reduction

total cl

Whereas for

Q. int cl
Q'+ int cl

li

1500. 50 = 48 ml/min
1500 + 50

of the intrinsic clearance of 50%
= 1500.25 = 25 ml/min
1500 + 25

a drug like ihdocyanine green with a high

extraction ratio a similar reduction in the intrinsic clearance

will only reduce the total clearance by 25%.

ie total cl

= 1500.3000 = 1000 ml/min
1500 + 3000

with a reduction of intrinsic clearance of 50%

total cl

= 1500.1500 = 750 ml/min
1500 + 1500

This is surprising result because it suggests that the

extraction mechanism for drugs with a high hepatic extraction

ratio is more sensitive to the effects of liver disease than the

mechanism low extraction ratio drugs. This may be so but an

alternative explanation has been suggested based on the presence

of functional intrahepatic shunts. From equation (13) any change
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in the true hepatic extraction ratio produces a smaller than
expected change if the actual hepatic extaction r‘atio because of
the presence of shunting. This shunting will have a greater
effect on drugs with a high hepatic extraction ratio. |

ie low extraction ratio drug

E(actual) = .1 * 100 ( if the shunt is 100ml/min)

10 mi/min

and for a high extraction ratio drug

E(actual)

.7 * 100

70 ml/min

Thus the greater effect of shuni:ing offsets the smaller
effect of changes in the hepatic extraction ratio resulting in a
good correlation between the clearances of high and low

extraction drugs.

THE EFFECT OF LIVER DISEASE ON THE DISPOSITION OF DRUGS

Appendix 2 contains a list of drugs on which data exists
regardin'g. their disposition in various types of liver disease.
The list includes a calculation of t‘ne‘ percentage difference in
the parameters from normal subjects. As expected it can be seen
from this list that the elimination of most érugs is impaired to
some extent in most forms of liver disease.

There is no standard meésure of the severity of liver
disease and there is a tendency in the literature to describe the
severity of liver disease in histological terms which is clearly

invalid. It assumes that patients with cirrhotic liver disease
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have a very much poorer prognosis than patients with non-
cirrhotic liver disease. However, thése generalisations are not
valid in clinical practice because many patients with acute
hepatitis or alcoholic hepatitis have a much poorer prognosis
than patients with inactive cirrhosis. It is therefore not
possible to make firm conclusions as to the relative suitability
of the various drugs by direct comparison of the results in this
list. The list is intended to serve as a data base of the
current knowledge of the effects of liver disease on drug

metabolism in man.

4.5 THE USE OF DRUGS AS INDICA’.IORS QE‘ HEE_ATIC DISEASE
There are several drugs which have been evaluated as tests
of liver function. Antipyrine and indocyanine green are two of
the most extensively studied compounds in this context and their
use is reviewed in the appropriate chapters. The other drugs

which have been used are reviewed below.

4.5.1 Amylobarbitone

Amylobarbitone has been used as a probe of drug oxidation in
man. It elimination depends almost exclusively on hepatic
hydroxylation with less than 1% of the administered dose being
unchanged in the urine. It is 50-60% protein bound and the
salivary concentrations of the drug correlate well with the
plasma concentration. The clearance does not correlate well with
the clearance of antipyrine suggesting that there may be at ieast

two drug hydroxylating systems in the liver (INABA et al 1976).
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4.5.2 Aminopyrine

Dimethylaminoantipyrine (aminopyrine), is rapidly absorbed,
evenly distributed in the body water and metabolised by N-
demethylation in the liver. A 14C aminopyrine breath test has
therefore suggested as an appropriate method for the non-invasive
assessment of hepatic demethylation capacity (HEPNER et al 1974).
However; there are problems with this technique. Firstly, the
rate limiting step of this method remains unclear (PLATZER et al
1978). Secondly, there are various different methods of
expressing the results, a 2 hour cumulative excretion (HEPNER &
VESSEL 1975; GALIZZI et al- 1978(a)) has been used but requires an
assumption of thé endogenous production of CO,. Others use
repeated measurements to derive a constant for the elimination of
14 CO, (BIRCHER et al 1977; SCHOELLER et al 1982). Finally, a
modified 2 hour breath test calculated from the area under the
breath specific activity curve has been used and found to be more
sensitive in detecting enzyme induction by glutethemide than the
standard tests (HENRY et al 1979).

Qualitatively, the initial studies suggested that the
elimination of aminopyrine was most impéired in parenchymal liver
disease rather than cholestasis (HEPNER et al 1977(a)). This

“allows the test to distinguish between primary biliary cirrhosis
and chronic active heptatitis (BURNSTEIN and GALAMBOS 1981).
There is a good correlation with serum albumin, BSP clearance
(HEPNER & VESELL 1975) the galactose elimination capacity
(BIRCHER et al 1973), fasting bile acids, ‘bilirubin, and AST

(MORELLI et al 1981). However, the correlation with antipyrine
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clearance is pébr, and aminopyrine proved to be more sensitive in
the detection of minimal liver disease (HEPNER & VESELL 1975). A
good correlation has been found between the plasma disapearance
rate for the breath test and for direct plasma measurements
(BIRCHER et al 1976, HEPNER & VESELL 1976). The breath test
responds to the administration of enzyme inducers in normal
controls (HEPNER & VESELL 1974) and in patients with cirrhosis
(PIKEN & HEPNER 1979). Aminopyrine breath tests have been used
to demonstrate intrahepatic enzyme defects in porphyria
(OSTROWSKI et al 1983), and as a sensitive indicator of hépatic
dysfunction in patients undergoing jejunoileal bypass for obesity
(BAKER et al 1983).

When used as a quantitative liver function test there is a
gdod correlation with clinical gradings of the severity of liver
disease including the Childs classification (MORELLI et al 1981).
The test has prognostic value in alcoholic hepatitis (SCHNEIDER
et al 1980) and in patients with liver disease undergoing surgery
(GILL et al 1983). In conjunction with thyroid function tests
and prothrombin time the aminopyrine breath test is of some value
in separating survivors from non-survivors with mixed liver
disease (HEPNER & CHOPRA 1979). Inra small group of cirrhotic -
patients the aminopyrine breath test was a péorer predictor of
survival than the serum albumin (HENRY et al ‘1985) .

Aminopyrine has two major advantages over antipyrine,
firstly it is a completely non-invasive test, and secondiy'the
small doses of aminopyrine involved are unlikely to produce

significant microsomal enzyme induction or inhibition, although
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induction of gammaglutamyl transpeptidase has been demonstrated
in rats (SATOH et al 1982). It also has two major disadvantages,
firstly as a breath test it measures the plasma appearance of 14C
and this reflects the plasma disapearance rate of aminopyrine
which is a variable dependent both on the elimination of
aminopyrine and its volume of distribution. Secondly there is
doubt about the mechanism of elimination of amincpyrine with a
suggestion that only 50-60% of the administered dose is

demethylated in the liver (BIRGHER et al 1977).

4.5.3 Cyclobarbital

Cyclobarbital has been evaluated as a suitable probe drug in
liver disease. It had a similar ability to descriminate between
patients with normal and abnormal liver function test as the

aminopyrine breath test (BREYER-PFAFF et al 1984).

4.5.4 Phenacetin
Phenacetin is a drug with a high hepatic extraction ratio
whose metabolism is dependent deethylation_ by cytochrome P448.
Its used as a probe drug in liver disease has been suggested and
a breath test designed which allowed the clear separation of
- cirrhotic patients from patients without liver disease (BREEN et

al 1984).

4.5.5 HIDA
Technetium-99m n(2,6-dimethylphenylcarbamoylmethyl)
iminodiacetic acid (Tc-HIDA) is a radiopharmaceutical which has

been extensively investigated as an agent for biliary imaging.
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It is eliminated by the liver through its anionic pathway. It
has been used as an indicator of liver function but has the
disadvantage that its clearance is competitively inhibited by

bilirubin (HARVEY et al 1979).

PHARMACODYNAMIC RESPONSES

This chapter has considered the ways in which liver disease
can alter the mechanisms by which drugs are distributed,
metabolised and excreted from the body. It is important to
remember the effect that these changes may have on the clinical
effect of these drugs. Patients with cirrhosis are particularly
sensiti&e to the sedative effects of morphine (LAIDLAW et al
1969), and chlorpromazine (MAXWELL et al 1972, READ et al 1969),
tranylcyoromine (MORGAN and REID 1972) and diazepam (BRANCH et al
1976(c)). This sensitivity is most pronounced in patients with
hypoalbuminaemia or a past history of portosystemic
encephalopathy.

The mechanisms of this sensitiviﬁy are unknowh but may
include :

1; Alterations in the cerebral receptors.

2. Increased penetration of the unbound drug into the
central nervous system.

3. An accuﬁﬁlation of toxic substances within the
central nervous system with the sedatives acting as
an extra insult.

The ideal sedative for patients should have a large

therapeutic/toxic ratio, it effect should be rapid and easily
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titratable, it should have a low degree of protein binding and it
should not cause increased cereﬁral sensitivity. Oxazepam has

many of them but it has not beeﬁ formulated for parenteral use.
Lorazepam is metabolised 1in a similar fashion but its pharmacodynamic
response tends to be slow and prolonged. There remains no ideal

sedative for patients with severe liver disease.

CONCLUSION

In conclusion it is possible to identify a number of
features which a drug should possess to make it suitable for use

as a probe of liver function.

1. It should be non toxic.

2. It should be eliminated solely by the liver. .

3. The hepatic elimination mechanism should be altered in liver
disease.

4. The drug should be administered orally and should undergo
rapid and complete absorption.

5. The drug should have a high hepatic extraction ratio

6. It should be easy to measure in the plasma.
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CHAPTER 5

ANTIPYRINE METABOLISM IN THE ASSESSMENT OF HEPATIC FUNCTION
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INTRODUCTION

Antipyrine was first synthesised in 1884 in the laboratory
of Emil Fisher. Initially it was used as an antipyretic but its
analgesic properties were soon discovered. It was a pofaular pain
killer until the 1930's when new more effective analgesics such
as asprin became available. It was then marketed in combination
with chloral hydrate (WELLDORM) and was again widely
prescribed.

In 1949 a method for the measurement ,of. antipyrine in plasma
was described (BRODIE et ai 1949). The observations that it was
rapidly and evenly distributed in the body water with a
negligible degree of. protein binding led to the use of
antipyrine as a measurement of the total body water (SOBERMAN et
al 1949).

In the 1960's antipyrine was used extensively to investigate
the inter-individual variations hepatic drug metabolism and |
results suggested thét these were genetically controlled (VESELL
and PAGE 1968). It was also used to measure induction and
inhibition of the hepatic monooxygenase enzymes (VESELL and PAGE
1969). The widespread use of antipyrine kinetics as a non-
invasive measure of hepatic oxidation was validated by4 the
demonstration of a correlation between antipyrine half life and
the cytochrome P-450 content of liver biopsy maAterial taken frbm
patients with liver disease (SOTANIEMI et al 1977a, SOTANIEMI et
al 1977b). A close correlation also exists between the
antipyrine clearance and the activities of the individual drug

metabolising enzymes (VUITTON et al 1981).
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In the 1970's antipyrine kinetics was first used to
investigate liver disease (BRANCH et al 1973).

Antipyrine has therefore had five major roles in
pharmacology :—

1. Therapeutically as Analgesic/Antipyretic.

2. Measurement of total body water.

3. Quantification of interindividual variations in drug

metabolism.
4. Measurement of enzyme induction/inhibition.

5. Measurement of liver function.
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FIGURE 5.1 THE CHEMICAL STRUCTURE OF ANTIPYRINE
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ANTIPYRINE METABOLISM

Metabolic pathways

The chemical structure of antipyrine is shown in Figure 5.1.
Following the oral administration of antipyrine there is rapid
absorption from the gastrointestinal tract and the bio-
availability is close to 100%. The drug is evenly distributed in
the body water with a negligible degree of proteinb' b‘inding. The
hepatic extraction is low at 2% (BRANCH et al 1974) but it is
almost completely oxidised by cytochrome P-450 dependent liver
miérosomal enzymes. Its clearance is therefore relatively
independent of liver blood flow.‘ Negligible amounts appearing

unchanged in the urine (VESELL 1979(b)) and 65% appears as.
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oxidised metabolites (DANHOF, VAN ZUILEN et al 1982).

There are at least four major phase lvmetabolites of
antipyrine: 4-hydroxy-antipyrine, 3-hydroxymethylantipyrine,
norantipyrine and p(4')-hydroxy-antipyrine (BRODIE and AXELROD
1950, YOSHIMURA et al 1968, BATY and PRICE EVANS 1973). It is
like‘ly_that different enzymes are involved in the production of
these different metbolites (DANHOF, et al 1979). These compounds
may be further metabolised to 3-carboxy-antipyrine and 4,4
dihydroxy-antipyrine. These metabolites are excreted in the
urine as the conjugated glucuronide or sulphated forms. The
pathways of antipyrine metabolism are shown in Figure 5.2. The
demonstration of a close correlation between the disappearance of
antipyrine from the plasma and the appearance of 4-hydroxy-
antipyrine in the urine validates the measurement of antipyrine
half-life as a measure of antipyrine metabolism (HUFFMAN et al
1974). Antipyrine is also podriy excreted in the bile (ELFSTROM
and LINDGREN 1974).

Traditionally its kinetics have been considered to fol lqw a
one compartment model (PERRIER and GIBALDI 1974), although there
is a biphasic shape to the concentation-time curve suggesting
"that its kinetics should be evaluated according to a two
compar tment model. The use of a one compartment model has been
“ justified by a close degree of agreement between the results of
data analysed according to the two models (DANHOF, VAN ZUILEN et
al 1982). The initial disposition constant and the rates of
distribution of aptipyrine between the central and peripheral
compartments are unaltered in liver disease (GREISEN & ANDREASEN

1976) .
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FIGURE 5,2  METABOLIC PATHWAYS OF ANTIPYRINE
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The initial analysis for antipyrine was by a spectro-
photometric assay (BRODIE et al 1949). This method has now been
replaced by more sensitive and specific methods based on gas
liguid chromatography (PRESQOTT et al 1973, LINDGREN et al 1974),
radioimminoassay (CHANG et al 1976) and high pressure liquid ;
chromatography (DANHOF, De GROOT et al 1979, ASHARGEL et al 1979).
The methodology for the HPLC method is described in Chapter 7.

The measurement of antipyrihe eliinination has been
simplified by the observation that there if a close correlation
between the concentrations in the plasma and saliva (VESELL,
PASSANANTI et al 1975(b), WEL(H et al 1975, FRASER et al 1976,

CHANG et al 1976). Salivary levels of antipyrine are unaffected
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by salivary flow rates (VAN BOXTEL et al 1976). Using salivary
data the volume of distribution and clearance are slightly
elevated compared to dat;a from plasma studies (DANHOF, VAN ZUILEN
et al 1982). The use of salivary clearances have validated the
use of salivary measurements in in normal- subjects and in
patients with liver disease (MEFFIN et al 1977, LUOMA and
SOTANIEMI 1981). The method can be further simplified by using
only a single sample taken at 18 hours after ingestion of
antipyrine. A good correlation has been found between this
method and multiple plasma sampling (DOSSING et al 1982).

An alternative method of assessing antipyrine metabolism
is the measurement of the 4-Hydroxy metabolites in the urine. A
good correlation (r = +0.95, P< 0.001) has been shown between
the plasma clearance of antipyrine and the urinary excretion of

4-Hydroxy Phenazone (ANDREASEN & GREISEN 1976).

5.2.3 Antipyrine kinetics in healthy volunteers

Several authors have described normal fanges for the
elimination of antipyrine in healthy volunteers (TABLE 5.1) From
the result it is clear that there is a very wide inter individual

variation in the metabolism of antipyrine.

TABLE 5.1 ANTTPYRINE HALF LIFE IN HEALTHY VOLUNTEERS.

AUTHOR PLACE NO RANGE MEAN
VESELL & PAGE 1968 PENNSYLVANIA 36 6.9-16.7 10.9
KOLMODIN et al 1969  STOCKHOLM 33 5.2-35.0 13.1
O'MALLEY et al 1971 DUNDEE 61 6.1-23.0 12.0

VESTAL et al 1975 MARYLAND 307 4,8-41.7  13.8
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5.2.4 Reproducibility of antipyrine kinetics .

The reproducibility of antipyrine half-lives has been
studied in healthy volunteers. The subjects had antipyrine
estimations at weekly intervals with a mean variance of 5.1%
(VESELL 1979(b)). The reproducibility of antipyrine kinetics in
control populations has been demonstrated by other authors
(BRANCH et al 1973). In repeated estimations over a periods in
excess of a year the half life remains constant (DAVIES et al

1973).

5.3 FACTORS INFLUENCING ANTIPYRINE METABOLISM
The metabolism of antipyrine has been extensively
studied in man and a large number of drugs, disease states and
patho-physiological states have been identified which influence

its metabolism.

5.3.1 Drugs
A list of the percentage changes in antipyrine clearance

induced by drugs is included as Appendix One. A large number of |
drugs exert vrelatively small changes in thé elimination of
antipyrine. T'neré are a several drugs which have a major effect
in enhancing the elimination of antipyrine (TABLE 5.2). There are
only five identified drugs which exert a major inhibiting effect
on its elimination (TABLE 5.3). For the purposes of this thesis a
major effect on drug metabolism is defined as a mean change in

the half life of greater than 30% of the mean baseline.
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TABLE 5.2 DRUGS MARKEDLY ENHANCING THE ELIMINATION OF ANTIPYRINE

DRUG PERCENTAGE CHANGE
‘ : IN HALF LIFE
Phenytoin 59%
Carbamazepine | . 55%
Cannabis ' 55%
Rifampicin 52%
Phenobarbitone 48%
Sulphinpyrazone - 42%
(hlorinated Hydrocarbons 41%
Flupenthixol ‘ 39%
Spironolactone 38%
Amylobarbitone ; 36%
Pentobarbitone 35%
Antipyrine , : 32%

Glutethimide 31%
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TABLE 5.3 DRUGS MARKEDLY INHIBITING THE ELIMINATION OF ANTIPYRINE

DRUG PERCENTAGE CHANGE
IN HALF LIFE
Allopurinol 202%
Disulfiram 74%
Combined oral contraceptive 73%
Propranolol 65%
Aminopyrine 60%
Cimetidine 38%

5.3.2 Pathophysiological state

The péthophysiological states in which antipyrine kinetics
have been studied are summarised in TABLE 5.4. The chahges which

occur in the states are generally small.
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TABLE 5.4 PATHOPHYSIOLOGICAL STATES AND ANTIPYRINE METABOLISM.

STATE

Age (increasing)

Young men/old men
Young women/0ld women
Young men/young women
0ld men/old womeh

Malnutrition

Asian Vegetarians

High carbohydrate/low
protein diet

High carbohydrate
High fat diet
Low calorie diet

Anorexia nervosa

% CHANGE
IN CLEARANCE

52.2
18.5
Inhibited
34.5
21.4
37.5
24.5
Inhibited
32.8
Inhibited

Inhibited

18.6
15.7
Inhibited

19.6

AUTHOR

BACH et al 1981
VESTAL et al 1975
O'MALLEY et al 1971
GREENBLATT et al 1981
GREENBLATT et al 1981
GREENBLATT et al 1981
GREENBLATT et al 1981
KRISHNASWAMY et al 1977 -
NARANG et al 1977
FRASER et al 1977

KAPPAS et al 1976

ANDERSON ‘et al 1979
ANDERSON et al 1979
KRISHNASWAMY et al 1984

BAKKE et al 1978

Extensive/pobr debrisoquihé <5

metabolisers »
White vegeterians
Cola nut chewing

Exercise

<5

<5

<5

DANHOF et al 1981

BRODIE et al 1980
VESELL 1979 (b)

THEILADE et al 1979
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STATE $ CHANGE AUTHOR
IN CLEARANCE

Fasting <5 REIDENBERG et al 1975
High protein <5 ANDERSON et al 1979
Menstrual cycle <5 RIESTER et al 1980
Noon/midnight <5 VESELL,SHIVELY et al 1977
Piperonyl buthide <5 CONNEY et al 1982
Summer/wintér <5 PAIGEN et al 1982
Males/female <5 MUCKLOW et al 1980
Bed rest (3 days) -12.4 ELFSTROM et al 1978
Sprouts/cabbage diet -11.3 PANTUCK et al 1978
(harcoal broiled beef Induced KAPPAS et al 1978
Low carbohydrate/high Induced KAPPAS et al 1976
protein diet
High protein diet Induced KRISHNASWAMY et al 1984
Ethanol Induced VESELL,PAGE et al 1970
Smoking Induced WOOD et al 1979 (a)

Induced HART et al 1976

-30.1 MUKKLOW et al 1980
Fluid deprivation -17.2 SWARTZ et al 1974
Exercise -40.0 SWARTZ et al 1974
Heat -31.6 SWARTZ et al 1974
Parenteral nutrition -24.0 PANTUKX et al 1984
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Acute liver disease

In acute viral hepatitis the half life of antipyrine can be
prolonged by 100% comparedrto the results on recovery (BURNETIT et
al 1976). The elimination of antipyrine and galactose indicate
correlated with the severity of an attack of acute hepatitis.
Patients who died with fulminant liver failure had an almost 100%

loss of functioning hepatic cell mass (RAMSOE et al 1980).

5.3.4 Chronic liver disease

The use of antipyrine as a test of liver function was
first made popular in 1973 (BRANCH et al 1973). They suggested
that the changes in “antipyrine kinetics were greater in patients
with chronic liver disease than in those with acute reversible
liver disease.‘ The antipyrine half life was most prolonged in
patients with hypoalbuminaemia and a prolonged prothrombin time

suggesting there was a failure of microsomal protein synthesis.

Histology :- There is a correlation between the
severity of the histological damage and the antipyrine half life
and this was particularly marked in patients with ballooning

degeneration of the hepatocytes (FARREL et al 1978).

Encephalopathy :~ The antipyrine clearance has been shown

to be significantly reduced during episodes of hepatic
encephalopathy (4.6 ml/min) compared to measurements when taken
tﬁere was no clinical évidence of encephalopathy (9.6 ml/min)
(ANDREASEN and RANEK 1975). It is suggested that an éntipyrine
clearance of less than 6 ml/min was usually associated with

clinical evidence of encephalopathy.
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Severity of liver disease :- The clearance of antipyrine is

lower in patients with "incapacitating" liver disease. These
"incapacitated" patients had significantly depressed serum
albumin but no significant alterations in galactose elimination
capacity or the prothrombin time (ANDREASEN et al 1974). 'The
antipyrine half life is prolonged in decompensated chronic liver
disease and chronic active hepatitis (FARREL et al 1979). In
this study there was a high degree of correlatioh between the
antipyrine half life, prothrombin time, ascites and
encephalopathy. Hepatic resection for liver tumours produces a
transient reduction in the serum albumin and the clearance of
antipyrine (KAIRALUOMA et al 1982).

Enzyme inhibition :- Cimetidine produces no further

inhibition of antipyrine metabolism in alcoholic cirrhotics
(STAIGER et al 1981). However it is likely that the inhibitory
effect of cimetidine was masked by an overall improvement in
liver function due to the withdrawal of alcochol. In a similar
study the expected inhibition of antipyrine clearance‘ by
propranolol was found not to occur in cirrhotics (LARREY et al
1983). This observation may again be due to a concomittant _
improvement in liver function. However, Propranolol is
metabolised within the liver to an active metabolite which
inhibits cytochrome P-450 (SCHNECK and PRITCHARD 1981). In
cirrhotics the production of this active metabolite may be
reduced and therefore the inactivation of cytochrome 'P—450 may
less.

Enzyme induction :- The use of enzyme inducing drugs as
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a therapy for patients with liver disease has been explored by
observing the effect on standard liver function tests and
antipyrine kinetics (RAUTIO et al 1979). Antipyrine has also
been used to observe the enzyme inducing effects of
spironolactone (MIGUET et al 1980) and glutethimide (FARRELL et

al 1979) in liver disease.

Fatty liver :- Non insulin dependent diabetics with fatty
livers show a modest reduction in the clearance of antipyrine

(PIRTTIAHO et al 1984).

tholestasis :- The clearance of antipyrine is significantly
reduced in patients with intrahepatic cholestasis but not in

extrahepatic cholestasis (MIGUET et al 1981).

Screening for liver disease :- Antipyrine kinetics have been

used as a screening test for liver disease in a group of workers
exposed to various industrial solvents. The induction of
antipyrine metabolism was found to be a more sensitive indicator
of abnormal liver histology than standard liver function tésts

(SOTANIEMI et al 1982).

Polycystic liver :- In a family with polycystic liver

disease the antipyrine half life was significantly longer in the
affected members compared to those with normal livers (LUOMA et

al 1980).

Liver volume :- There is a good correlation between liver

volume, measured ultrasonically or isotopically, and the

clearance of antipyrine has been demonstrated in normal controls
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(PIRTTIAHO et al 1978), patients on anticonvulsants (PIRTTIAHO et
al 1982) and patieni:s with liver disease (HOMEIDA et al 1979).
These results suggest that changes in antipyrine kinetics may
reflect changes in hepatic mass but further studies show that in
the elderly (BACH et al 1981) and in patients on antiepileptic
therapy (ROBERTS et al 1976) there may also be éhanges in
metabolising capacity per unit of hepatic mass. Correction of
the antipyrine clearance for the liver volume only marginally
improves the seperation of normal subjects from those with

cirrhosis (TEUNISSEN et al 1984).

Metabolite production :- The effect of liver disease on

antipyrine clearance is complex. 1In general the production of
norantipyrine is reduced more than the rates of formation of
hydroxyantipyrine and hydyoxymethylantipyrine (TEUNISSEN et al
1984).

5.3.5 Other disease states

Numerous disease states other than liver disease have been
shown to influence the clearance of antipyrine, the effect of
these states is summarised in TABLE 5.5. The extent of some of
the changes in antipyrine kinetics are marked. For example the
antipyrine clearance was reduced 46% in children while they were

febrile (FORSYTH et al 1982).
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TABLE 5.5 DISEASE STATES AND ANTIPYRINE KINETICS.

Disease state Clearance Reference
Etiocholanolone Fever Inhibited 'ELIN et al 1975
Pyrexia Inhibited FORSYTH et al 1982
Hypothyroidism Inhibited CROCKS et al 1973
EICHELBAUM et al 1974
VESELL,SHAPIRO et al 1974
SAENGER et al 1976
Lead poisoning Inhibited MEREDITH et al 1977
Idiopathic hypoalbuminaemia Nil PIROLI et al 1981
Uraemia Induced MADDOCKS et al 1975
‘No Chaﬁge HARMAN et al 1977
Osteomalacea Induced FRASER et al 1976
Hyper thyroidism Induced CROOKS et al 1973

EICHELAUM et al 1974
VESELL,SHAPIRO et al 1974
SAENGER et al 1976

5.4 ANTIPYRINE METABOLISM IN THE PREDICTION OF ALTERED DRUG

METABOLISM.

Antipyrine has been used in several studies to predict the

metabolism of other drugs.

In a small group of cirrhotic

. patients antipyrine kinetics had some predictive value in

determining the livers capacity to metabolise lorcainide (KLOTZ
et al 1979) but the correlation just failed to reach statistical
significance. Antipyrine kinet.ics have been used to predict age
related changes in the metabolism of benzodiazepines, a |

correlation was found between antipyrine clearance and those
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benzodiazepines which undergo hepatic oxidation (diazepam,
prazepam, clorazepam and flurazepam) but not with those which are
conjugated (lorazepam, oxazepam and temazepam) (GREENBLAIT et al
1981). In another study a significant correlation was found
between the clearances of oxazepam and antipyrine (KELLERMAN et
al 1979). However the clearance of triazoloam, an hepatically
oxidised benzodiazepine, correlated poorly with the clearance of
antipyrine (GREENBLATT et al 1983).

The clearance of antipyrine has also been significantly
correlated with the clearance of lignocaine (PERRUCA et al
1980) ' phenyiﬁutazone (DAVIES and THORGEIRSSON 1971a), and

oxyphenylbutazone (DAVIES and THORGEIRSSON 1971b).

(ORRELATION OF ANTIPYRINE KINETICS AND STANDARD LIVER FUNCTION
TESTS ’

Most studies show a significant correlation between the
serum albumin and prothrombin time and the elimination of

antipyrine. Some studies show a weak relationship with the serum

bilirubin as well (Table 5.6)
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TABLE 5.6 CQORRELATION OF ANTIPYRINE KINETICS WITH STANDARD LIVER
FUNCTION TESTS.

n ALB. P.T.  BILI ALK. SGOT  SGPT
PHOS
BRANCH el al 1973 38 kk *kk NS NS NS NS
ANDREASEN et al 1974 13 % *k%x  NA NA  NA NA
BURNETT et al 1976 6 NS NS NS NA NS NA
FORREST et al 1977 17  ** * NS NS NA NS
FARRELL et al 1978 62 * *kk x NA  ¥A NS
KRAUSZ et al 1980 25 NS NS NS NS NS NS
TAKASHI et al 1981 69 * * * NS NS NS

**% p<0.001

** p<0.01

*  p<0.05

NS p>0.05

NA not available
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CHAPTER 6

INDOCYANINE GREEN IN THE ASSESSMENT OF HEPATIC FUNCTION



143

6.1 INTRODUCTICN

Indocyanine green (ICG) was originally synthesised for use
as a dye. It has tricarbocyanine structure (Figure 6.1) with a
characteristic absorption spectrum at 800nm. During the 1950's
it was extensively used in dye dilution studies to measure
cardiac output (FOX etb al 1957). 1In the early 1960's its use as
a non-invasive measurement of liver blood flow was described
(CAESAR et al 1961, LEEVY et al 1962). A good correlation exists
between liver blood flow measured by a bolus‘injection of
indocyanine green and direct measurement by electro-magnetic flow
meters (NXUMALO et al 1978). The use of ICG clearance as a liver
function test was first suggested in the early 1960's (CHERRICK
et al 1960).

The use of a drug with a high hepatic extraction ratio is
not a new concept in hepatology. For many years the retention of
Bromosulphthaiein (BSP) has been used as a sensitive indication
of hepatic dysfunction. It can be expected that ICG should
produce similar results but it has several important advantages
compared to BSP : -

1. Reduced toxicity: One of thé reasons that BSP has not
been more extensively use is the occurence of occasional
anaphylactic reaction. These are less common with ICG (FRICK et
al 1979).

2. No hepatic metabolism: ICG is excreted unaltered by the
liver, .so that its elimination reflects the its rate of delivery
to the liver and the liver's ability to extract it from the

blood.
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3. No enterohepatic circulation: There is evidence for an
enterohepatic circulation of BSP, but this has not been found
with ICG.

4. No extrahepatic extraction: There is some extrahepatic

degradation and elimination of BSP which does not occur with ICG.

FIGURE 6.1 THE CHEMICAL STRUCTURE OF INDOCYANINE GREEN
L}
HC -CHg ‘ CH,-CH

C=CH-CH*CH-CH=CH-CH:=CH- C
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6.2 INDOCYANINE GREEN DISPOSITION

Following intravenous administration ICG is rapidly bound to
albumin (95 %) with some binding to serum globulins (KAMISAKA et
al 1974). It is not excreted by the kidney and there is
negligible uptake in the peripheral tissués (CHERRICK et al
1960). It is extracted from the blood by the liver but does not
undergo biotransformation within the liver (WHEELER et al 1958,
RAPAPORT et al 1959, CHERRICK et al 1960). It is excreted in
the bile and there is no enterohepatic circulation (HUNTON et al
1960). The use of a constant infusion of ICG at two or three
different doses allows the storage capacity of ICG within the
liver to be calculated (BRODY & LEICHTER 1979).

The hepatic extraction of ICG can be saturated and at doses
of 5mg/kg the plasma disappearance reflects first order kinetics
and allows the use of Michaelis-Menton analysis to calculate thé
maximal rate of removal (Vmax) from the plasma (PAUMGARTNER et al
1970) by the equation:

R =Vmax * (ICG)

Kn + (ICG)
Where R = the disappearance rate of ICG
(ICG) = the dose of ICG
Km = the Michaelis-Menton constant

The estimation of indocyanine green clearance has been
simplified by the use of a dichromatic ear piece densitometer for
the plasma detection (HOWARD et al 1965). Estimation of the
half life and the percentage disappearance rate per minute by

this technique shows a close correlation with those determined by
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direct plasma measurements (LEEVY et al 1967).

6.3. FACIORS INFLUENCING INDOCYANINE GREEN KINETICS.

6.3.1 Drugs
The elimination of IGG has been shown to be enhanced by

phenobarbitone (GOGL et al 1971), which reduced the elimination
half life by 64% compared to normal subjects. Similar results
were found in a group of patients taking other enzyme inducing
drugs including opiates and anticonvulsants (MELIKIAN et al
1972). Further studies failed to find any change in indocyanine ,
green clearance with anticonvulsants (HEPNER et al 1977(b)),
phenobarbitone (ROBERTS et al 1979), rifampicin (BREIMER et al
1977) or glutethimide (JACKSON et al i978). It was postulated
that this enhanced elimination may be the result of either
increased synthesis of hepatic carrier proteins or increased bile
flow, both of these have been demonstrated in animals following
drug administration (REYES et al 1971, QONKLIN and WAGNER 1971).
The effect of enzyme inhibition on I clearances has also
been studied. Single doses of cimetidine reduce the clearance of
IGG (FEELY et al 1981), although this is disputed‘ (NELSON et al
1985) and it does not occur with chronic administration
(DANESHMEND 1984). Ranitidine has no effect on I clearange
(MASHFORD et al 1983) or its hepatic extraction (DUNK et al
1983). Propranolol and labetalol produce significant reductions
in I clearance (DANESHMEND et al 1981) presumably as a result

of reduced liver blood flow. Alpha blockade with
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Phenoxybenzamine produced no consistent effect on ICG clearance

(DANESHMEND 1981 et al). Nifedepine produces an increase in ICG

clearance but glyceryltrinitrate reduces it (FEELY 1984).

6.3.2.

Pathophysiological states

Genetic: A selective genetic defect in the clearance of ICG

is described (OKUDA et al 1976, OHKUBO et al 1981, NAMIHISA

et al 1981). It is suggested that there are two separate
disorders, one inherited as an autosomal recessive and the

other as an autosomal dominant trait (OHKUBO et al 1981).

The paiiénts with this defect have a normal or near normal

BSP retention.

Smoking: There is no effect of moderate cigarette smoking

on ICG clearance (WOOD et al 1979).

Age: The clearance of ICG consistently falls with age (WOOD

et al 1979).

Fasting: The effect of calorie restriction on ICG kinetics
has been studied in man and in rats (OHKUBO et al 1978).
There is an increase in the elimination of ICG in the

fasting state and it is suggested that this is the result of



148

enhanced biliary excretion rather than improved hepatic
uptake. This in contrast to the reduced eliminatibn of
bilirubin (BARRET 1971) and bromosulphthalein (BRADLEY et al
1969) seen in the fasted state. There is no change in IGG
clearance following the intragastric administration -of 500ml
milk (DANESHMEND et al 1981). Other workers have shown a
small increase in IGG clearance following the ingestion of

200 and 400 gram carbohydrate meals (SVENSSON et al 1984).

Pyloric stenosis: An unconjugated hyperbilirubinaemia can

complicate pyloric stenosis in infants and has been termed
the icteropyloric syndrome. The mechanism of this .syndrome
is unknown. The clearance of I(G is reduced in children
with pyloric stenosis who are not jaundiced butl returns to

- normal levels following surgery to correct the pyloric
stenosis (ROTH et al 1981). These results indicate either a
reduced liver blood f£low or a reduced extraction of IGG in
pyloric stenosis. The latter is more likely and may be a
result of fasting. this syndrome is not seen in adults with

gastric outlet obstruction.

Multisyétém injury: The plasma disappearance rate (PDR) of

IGG is significantly lower in non-survivors with critical
injuries. No patient with a PDR of < 6%/min survived

(POLLAKX et al 1979). This finding has been confirmed using
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the ICG clearance (ICG clearance non-survivors = 4.8ml/min;

survivors = 11.1ml/min) (KHOLOUSSY et al 1984). Following
major injury the elimination of ICG is reduced and becomés
biphasic. The second slower phase of elimination becomes
most marked about four days after the injury, at this time
the liver blood flow has returned to normal but there is
evidence of a marked reduction in the hepatic extraction of
ICG (GOTTLIEB et al 1984). The second slower phase of

elimination is thought to be due to the removal of the dye

- across the cannilicular membrane, although it may be due to

a failure of intrahepatocyte transport or localisation of

the dye within the hepatocyte.

. Posture: The erect posture and exercise significantly

reduce the clearance of ICG (DANESHMEND et al 1981).

Acute liver disease.

The clearance of ICG is reduced in acute viral

hepatitis without any change in the volume of distribution

| (WILLIAMS et al 1976).

6.3.4.

Chronic liver disease.

Gilbert's Syndrome: Studies in Gilbert's syndrome show that

some patients have abnormal excretion patterns of ICG.
These studies suggest that there is two sub-populations of

Gilbert's Syndrome who have abnormalities in the hepatic
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transport of organic ions other than bilirubin. There are
similarities in Gilbert's Syndrome between the excretion of
BSP and I(G suggesting that these two drugs have a common

hepatic uptake mechanism (MARTIN et al 1976).

Rotor's syndrome: There is a marked reduction in the

clearance of IG5, bromosulphthalein and unconjugated

bilirubin in patients with Rotor's syndrome (KAWASAKI et al

1979).

Other liver-disease: IG5 has been found to be a sensitive

test in the detection of liver disease. This sensitivity
may be enhanced by iriéréasing the dose from 0.5mg/kg to
5mg/kg (LEEVY et al 1967). IGG clearance is particularly
reduced in patients with surgical portocaval shunts, hypo-
albuminaemia (BRANCH et al 1976 (b)), alcoholic cirrhosis
and primary biliary cirrhosis (GILMORE et al 1982). The
estimation of Vmax has been suggested as a measurement of
. the functional reserve of the human liver (MOODY et al
1974). Improveménts. in ﬁhe Vmax have correlated with
improvements in the hepatic histology (BRODY & LEICHTER
1979). But in chronic active hepatitis no consistent
improvement in Vmax is found during treatment with
azathioprine (RIKKERS & SHERLOCK 1975). In patients
undergoing partial hepatectomies for hepatocellular
cércinoma a good correlation _has been found between the
extent of the ’hepatectomy and the IGG retention at 15

“minutes relative to the patients' outcome (OKAMOTO et al
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1984).

In chronic liver disease there is a poor correlation
between the estimated liver blood flow measured by IGG and
that estimated by I131 labelled albumin. The discrepancy
arose because of the reduced hepatic extraction of iCG in
chronic liver disease (QOHN et al 1972). 1In a group of
cirrhotics IGG clearance was found not to be limited by
liver blood flow but by changes in the intrinsic hepatic
clearance (HUET & VILLENEUVE 1983).

Using discriminant functional analysis IGG clearance
has been found to be one of the most useful differential

diagnostic tests of liver disease (ITOSHIMA et al 1983).

6.4 INDOCYANINE GREEN KINETICS IN THE PREDICTION OF ALTERED DRUG
METABOLISM. '

The clearance of IGG does not predict the clearance of
propranolol, and the simultaneous administration of propranolol
produces an increase in the hepatic extraction of IG5 (GRAINGER
et al 1983(a)). In acute viral hepatitis there is no correlation
between the clearance of lignocaine and any of the standard liver
function test or any parameter of I(G disposition (WILLIAMS et al
1976). In patients with congestive cardiac failure and in patient
controls there is a good correlation between I(G clearance and
Lignocaine clearance (ZITO and REID 1978, HUET & LELORIER 1980)
although this is disputed (BAX et al 1980). A good correlation
has been démonstrated between estimations of liver blood flow

dsing IG and Diethyl-Ida.. In a group of patients with liver
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disease the hepatic extraction of Diethyl-Ida was approximately
twice that of IGG suggesting that in these patients with sévere
liver disease an estimation of liver blood flow by Diethyl-Ida
may be more appropriate than that with IGG (MUNOZ et al 1982).
The clearance of IG5 correlates poorly with the clearances of

Diazepam, aminopyrine and antipyrine (HEPNER et al 1977(b)).

OTHER USES OF INDOCYANINE GREEN IN HEPATOLOGY

The kinetics of IG5 and colloidal gold isotope scans have
been used as non-invasive monitors of portal hypertension. A
significant negative correlation has been demonstrated between -
the elimination constant of IG5 and the portohepatic gradient (r
= -0.612 : p < 0.005) (MILLETTE et al 1973). In a similar study,
however, there was no. relationship between the severity of portal
hypertensicn as measured by the corrected hepatic vein pressure
ne‘ither IGG or Lignocaine clearance (HUET & VILLE'NEUVE 1983).

The relationship between abnormalities in hepatic colloid
scans and 1ivef blood flow has been investigated using I
(HORISMA et al 1976). In yﬁhis study it was suggested that the
abnormalities in colloid scans resulted from intrahepatic
shunting of blood rather than from a reduction in total liver
blood flow.

Recently the intravenous injection of IG5 has been combined
with peritoneoscopy. This technique allows the demonstration of
the distribution of hepatocytes and has also been used to
investigate the effect of liver disease on regional liver blood

flow (ITO et al 1983; SATO et al 1983).
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6.6 CORRELATION WITH STANDARD LIVER FUNCTION TESTS
The ICG clearance has been correlated with serum albumin (r
= -0.63 : p <0.001), serum bilirubin (r = 0.63 : p <0.001), and
prothrombin time (r = 0.59 : p <0.001). No correlation was
found with AST, serum globulin, alkaline phosphatase, age or
weight (BRANCH et al 1976). |
ICG clearance correlates with serum antipyrine clearance (r

= 0,94 : p <0.001) (BRANCH et al 1976).
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CHAPTER 7

METHODOLOGY
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In this chapter the basic methodology that was used is described.
Where a protocol was used in only one study it is described in the

appropriate chapter.

7.1 CLINICAL ASSESSMENT

7.1.1 Diagnosis
The patients with liver disease were admitted either for
diagnostic assessment of liver dys_function or for the
investigation and treatment of the complications of liver
disease. The aetiology of liver disease has been diagnosed on
conventional grounds, based on the clinical history, biochemical

liver function tests, specific diagnostic tests and histology.

7.1.2 Clinical Features

The patients were assessed clinically and the size of the
liver and spleen recorded in centimetres below the costal margin.
The presence or absence of ascites and portosystemic
encephalopathy was documented. Patients were graded for portal
hypertension (PHT) as follows; a score of 0 = No PHT, 1 = Varices
present, 2 = Previous bleeding from varices, 3 = Surgical
portocaval shunt.

The serum alanine transaminase (ALT), aspartate transaminase
(AST), alkaline phosphatase, gamma glutamyl transpeptidase (GGT)
activities and bilirubin and albumin concentrates were measured
‘using standard autoanalyser techniques (Technicon). The clinical
and biochemical information were con;bined to grade the patients

using Pugh's modification (PUGH et al 1973) of Child's



156

classification of the severity of liver disease (See Chapter 3

for details).

7.1.3 Histology
A liver biopsy was performed on 85 patients who had a
clinical indication for this technique. The biopsy was performed
in the standard intercostal fashion using either a Menghini or
Tru-cut needle. The liver sections were stained with the
following stains:~ haematoxylin and eosin, periodic acid Schiff
(PAS) before and after diastase, Masson's Trichrome, Van Giesson,
Gordon and Sweets reticulum, Perl's Prussian blue for iron and
Shikata's orcein. They were examined by an experienced hepatic
histopathologist (Professor R.N.M. MacSWeen) without reference to
the patient's clinical details. The biopsies were graded
accbrding to the scheme described by Farrell in 1978 for the
following characteristics:
1) Architecture: Graded as:- normal,
dissarray,
active cirrhosis,
or inactive cirrhosis.
2) Necrosis: Graded as:- absent,
focal,
diffuse,
piecemeal,
or confluent.

3) Degree of hepatocellular abnormality: (Graded 1-4 according

to the percentage of morphologically abnormal hepatocytes.)

Grade 1 = less than 25% abnormal
Grade 2 = 25-50%
Grade 3 = 50-70%
Grade 4 = > 75%.
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4) The presence of specific histological features such as fatty
change, parenchymal iron and ballooning degeneration of

hepatocytes was also recorded.

7.2 ANTIPYRINE
7.2.1 Protocol
Following an overnight fast 600mg of ahtipyrine were

administered orally at 9.00am and 10ml blood samples collected
immediately prior to ingestion over 0,3,5,8,12,24 and 32 hours
later. Samples were placed in lithium heparin tubes which were
spun in a centrifuge at 2500 revolutions/min for 3 to 5 minutes
and the plasma was extracted and stored at minus 20 degree

centigrade.

7.2.2 Analytical methods
| Antipyrine analysis was performed using a modification
(MacPHEE et al 1984) of a high pressufe liquid chromatography
method (SHARGEL et al 1979). Standard solutions containing .
20,15,10,5, and 2 microlitres/ml of antipyrine in methanol were
produced. Twelve standard solutions were included in each
analytical run. These were three 20's, two 15's, three 10's, two
5's, and two 2's. An internal standard was made using 10 mg of
antipyrine in 100ml of metﬁénol.

The test samples were prepared by pipetting one ml of the
plasma into each test tubé, 100 ul of the internal standard, 250
ml of 0.5 sodium hydroxide and 5 mls of dichloromethane was added
tb all tubes. The tubes were then centrifuged at 2500

revolutions per minute for 5 to 10 minutes. The supernatant was
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removed and placed in a 30 degree centigrade water bath, blown
dry and stored at minus 20 degrees centigradé until analysis.
Before analysis the samples were reconstituted with 200-400 ul of
methanol. The standard samples were used to produce a standard
curve. The test samples were then analysed with a fur ther
standard included as every sixth sampie.

'Ifhe samples were injected onto a Waters C18V Bondabak
column. Antipyrine was detected using a Cecil variable wave
length ultraviolet detector. A typical HPLC tracing is shown in

Fig. 7.1.

7.2.3 Reproducibility

The labqratory error for the HPLC method was assessed by
repeating the analysis on 5 standard solutions. The coefficient
of variation varied from 4.1% for the 20ng/ml samples to 8.2% for
the 2ng/ml samples (Table 7.1).

The clinical reproducibility of antipyrine kinetics was
assessed in fifteen patients with liver disease.‘ Samples were
taken on two separate occasions within 2 months with the patients
remaining in a stable clinical condition. The mean variance was
7.3% for the half life, 11.7% for volume of distribution and 3.6%

for the plasma clearance (Table 7.2).
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SEOWING A PEAK FOR ANTIPYRINE AND THE ANTIPYRINE
INTERNAL STANDARD.

Figure 7.1
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TABLE 7.1

MEAN, STANDARD DEVIATION AND COEFFICIENT OF VARIATION OF REPEATED HIGH
PRESSURE LIQUID CHROMATOGRAPHY ANALYSIS. OF STANDARD ANTIPYRINE

SOLUTIONS VARYING FROM 2-20mg/ml.

Standard 20mg,/ml 15mg/ml 10mg/ml 5mg/ml 2mg,/ml

concentration
1 19.5 13.7 9.0 5.7 2.0
2 19.0 14.3 9.7 4.5 2.3
3 20.8 15.9 11.0 4.8 2.2
4 19.8 15.3 10.3 5.5 1.7
5 18.9 15.7 9.4 5.5 1.9
6 21.0 16.3 10.4 4,7 2.0
7 21.0 15.7 10.6 4,8 2.1
8 20.7 A 15.2 10.0 4.9 1.9
9 20.3 15.7 10.4 5.0 2.0
10 20.8 14.2 10.7 5.4 1.9

Mean 20.18 15.2 10.15 5.1 2.0

Standard 0.82 0.85 0.62 0.41 0.17

Deviation

Standard 0.26 0.27 0.20 0.13 0.05

Error

Coefficient 4,13 5.6% 6.12 8.1% 8.2%

of Variance
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TABLE 7.2

VARIANCE

SET 2

SET 1

VOLUME

OF

VOLUME
OF

HALF DISTRI

VOLUME

OF

DISTRT

HALF

DISTRI

HALF

NO.

BUTION CLEARANCE

LIFE

BUTION CLEARANCE

LIFE

BUTION CLEARANCE

LIFE

(%)

(3)

(3)

(ml/min)

1)

(hrs)

(ml/min)

1)

(hrs)

27.6 20.3 0.7 1.8 1.5
1.8 6.4

15.7

20.1

27.1

15.6

4.9
3.3
10.6

24.5 50.5

5.6
12.5

53.1

26.2

5.7
12.7

5.2
7.6
1.4
6.8
16.0

1.6

0-6

34.7

33.3

36.5

26.8 17.7 7.6
17.2

8'5
15.5

17.8

24.2

9.9
6.8

o

34.8

23.4

35.3

26.4

3'0

41.5 16.5

29.0

17.7

45.7

1.9
6.0

8.7

16.0

44.8

15.7

48.1

35.4

58.9

4.2

11.9 16.7

20.5

15.3

28.9

21.4

3.9
0.1

28.4 15.3 3.9 7.4
14.9 18.5

21l.4

14.7

26.3

20.6

42.3 19.7

24.8

19.5

21.1 35.7

10
11

46.0 34.6 8.7 5.0 1.7 3.4
15.6 6.4 0.6

8.4
15.5

35.2

48.4

5.2

31.7

23.4

33.4

25.0

12

1.0
0.0

1.7

33.6

1.1
34.0

" 11.5

46.6

46.6

11.4

46.5 45.8

13
14

21.9 24.5

10.3

24.5

33.0

15.6

2.9 0.3

3.0

30.7 34.5

10.3

36.4

10.0 31.6

15

3.6

11.7

7.9
8.5
71.8

MEAN VARIANCE

16l

3.5
97.0

15.6
244.7

STANDARD DEVIATION

VARTANCE OF VARIANCES
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7.3 INDOCYANINE GREEN
7.3.1 Protocol
Indocyanine green was given as an intravenous bolus of

0.5mg/kg body weight. The patients were fasted 6vernight,
remained recumbent for 30 minutes prior to the injection and
throughout the test. Venous blood samples were taken from the
contralateral arm through an indwelling catheter at 3 minute
intervals to 21 minutes. The samples were centrifuged and the
plasma extracted Indocyanine green was asséyed spectrophoto-

metrically (CAESAR et al 1961).

7.3.2 Analytical Methods

All specimens were analysed photometrically using a Pye
Unicam SP8-200uv/vis spectrophotometer. In an aliquot of
plasma blank a known dye concentration of approximately 5ng per
litre was prepared from the vial of dye administered to the
patient. For eéch patient plasma specimens and standards were-

read against the patient's plasma blank.

7.3.3 Reproducibility

The reproducibility of indocyanine green kinetics was
assessed in 19 pétients with chronic liver disease. Two sets of
samples were taken within a 2 month period while the patients
were clinically stable. The mean variance was 8.1% for the half
life, 12.6% for the volume of distribution, 10.7% for the plasma

clearance and 13.4% for the whole blood clearance (Table 7.3).
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7.4. MEPTAZINOL

7.4.1

) 7.4.2

Protocol

See chapter 13

Analytical Methods

The plasma samples were stored in glass tubes at -20

degrees Centigrade prior to analysis.

Preparation of Standard Solutions

Standard solutions were prepared using meptazinol
hydrochloride (Batch no. 3/E/11773), 10mg were added to
100ml1 of methanol (MECH) and mixed with a rotor for 15
minutes. One ml of this solution was added to a further
100ml of MeOH and mixed for 15 minutes. This working v
standard solution contains 100ug of meptazinol hydrochloride
in 100ml MeOH.

Twenty milligrams of an internal standard (WY 32128A:

M- (1- Cyclopropylmethyl—3—Ethylhexahydro—lH—Azepin—3—YL

Phenol) was mixed for 15 minutes with 100ml MeOH and one ml

of this solution mixed with 100ml of MeOH for a further 15'
minutes. The internal standard contained 200ug in 100ml
MeCH.

A Buffer solution was prepared using 8.4grams of sodium
bicarbonate in 100ml of water with the Ph adjusted to 9.7

with strong sodium hydroxide.
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Preparation of samples

One ml of the unknown plasma was added to glass screw
top test tubes. For the blanks and standard samples 1lml of
pooled plasma was used. A range of standard solutions was
produced containing-5,10,20,50,100,150 and 200ng of
meptazinol h}}drochlor ide.

To all the tubes except the blanks, 100ml (200ng) of
the internal standard was adde-d and the samples mixed.
200ml of the 1M NaHCo3 Buffer was added to all tubes and the
samples were mixed. 5ml of Dichloromethane was added to
each tube and they were immediately vortex mixed for 3
seconds. All the samples were mixed for a further 15
minutes in a flat mixer.

| The samples were then spun at 2,500 rem for 10 minutes.
The top layer was pipetted off and the samples placed in a
water bath at 50 degrees Centigrade and driéd with an air
blower. The dried samples were stores at -80 degrees

Centigrade.

Chromatography

 The samples were reconstituted using MEOH prior to high
pressure liquid chromatography. The reconstituted extracts
(100nl) were injected using a WISP (Model 710B, Waters
Associates Ltd., Heftfordshire) onto a 5 micron analytical
column. This column was packed using Shandon column packer.
The column was of 5mm internal diameter and 25cms in length.

This column was used in conjunction with a pre-column of the
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same material and same size. A reciprocating HPLC pump
(Gilson) was used to elute the column and the eluent
composition was 50% acetenitryl and 50% amodium acetate
solution (0.5% W/V) at a flow rate of 1.8ml/min (pressure
approximately 2000 psi).

A fluourescent spectrometer (Model 3000, Perkin Elmer,
Beaconsfield, Bucks) assess an accentation wave length of
282 nanometers and internal standard by means of their
native fluourescence. Both monochromatbrs were set with 10
nanometer slit widths. Data handling was carried out by a
computing integrator (Shimadzu C-Rib) operating at the peak
area mode. A calibration curve was prepared from éamples of
drug free plasma to which meptazinol various concent\;*ations
was added. The peak areas were integrated and after
éalculating the peak area ratio (meptazinol - internal
standard) the integrator computed the best fit line through
the calibration points. The plasma concentrationé of
meptazinol were then calculated from this line. A typical

tracing is shown in Fig. 7.2.

Reproducibility

The laboratory error of this method was investigated by

analysing 10 identical samples and 5 different concentrations.
The results of this analysis are shown in Table 7.4. The

limited detection of meptazinol was 10ng/ml.
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A TYPICAL HIGH PRESSURE LIQUID CHROMATOGRAPHY TRACE
SHOWING PEAKS FOR MEPTAZINOL AND MEPTAZINOL INTERNAL

STANDARD

Figure 7.2

MEPTAZINOL
(WY 23128A)

MEPTAZINOL INTERNAL STANDARD

SOLVENT FRONT
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7.5 MIDAZOLAM
7.5.1 Protocol

See chapter 12

7.5.2 Analytical Methods

Plasma midazolam concentrations were determined using a gas
chromatography method (HEINZMANN and VAN ALTEN 1981). This
method has a sénsitivity of 5ng/ml and a 6‘point calibration
curve was included in each sample batch along with quality
assurance samples. This énalysis was performed by Dr. Dixon at

the Royal Bath Hospital, Harrogate.

7.6 PHARMACOKINETIC ANALYSIS
For antipyrine and indocyanine green the pharmacokinetic
constant of elimination QQ was calculated by the method of least
square regression analysis assuming a one compartment model. The
apparent volume of distribution (Vd) was calculated from the
formula -
vd = Dose/Q
where @ = the estimated concentration of the drug at time zero,
extrapolated in a log-linear scale.
The appargnt plasma clearance was calculéted from the
relationship -
Cl = vd *K
For indocyanine green the plasma clearance>was corrected by the
haematocrit to give the whole blood clearance.

Area under the concentration/time curve was calculated by

the trapezoidal rule.
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This analysis was performed on an ZApple IIE microcomputer and the
programs used for antipyrine and indocyanine green are listed in
Appendix 4,

The pharmacokinetic analysis of the midazolam and intravenous

meptazinol data was performed using an iterative non linear least

'squares regression program (included in the VASP software package made

ravailable by Dr. AW. Kelman, Department of Nuclear Medicine and

Materia Medica, Stobhill Hospital, Glasgow) on a NODECREST V70 series
digital computer. The data was fitted using one and two compartment
models.

The function for the one compartment model was :

v=0 x e Ket
where Ke = Cl/vd

The two compartment model was fitted to a biexponential model

using the function

vy = pe~Alpha.t | pe—Beta.t

where A and B were expressed using the parameters Cl, V1, K12, K21,

where Cl1 = clearance
K12 = réte constant for the central to peripheral
compar tment
K21 = the rate constant for the peripheral to central
compar tment |
V1 = the volume of the central compartment

The two models were compared using the F distribution where:

F = BSS5Q(R) — SSQ(F) /  SSQ(F)

df (R) - dE(F) df (F)
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where SSQ(R) = Residual sum of squares for one compartment
model
SSQ(F) = Residual sum of squares for two compartment
model
df (R) = Degrees of freedom for one compartment
model
df (F) = Degrees of freedom for two compartment

model

The one compartment model was selected unless the

significance of the F statistic was < 0.05.

PHARMACODYNAMI C ASSESSMENT

‘In the midazolam and meptézinol projects assessments were
made of the degree of sedation and nausea induced by the drugs.

Psychomotor function was assessed using a Leeds Psychomotor
tester. This measures the critical flicker fusion threshold
(CFFT) and the choice reaction time (CRT). (HINDMARCH 1980). The
CFFT is measured by asking the subject to observe 4 sméll red 7
lights (Fig. 7.3). The frequency at which these lights flicker
is then increased or decreased and the subject indicates the
frequency at which the lights fuse or start to flicker by
pressing a button. A mean of six readings are taken. The CRT
measures the time the subject takes to move his finger from one
button to another at a given siénal (Fig. 7.4). The subject is
presented with a choice of six buttons to which he must move his
finger, each being indicated by a red light. The CRT is split
into the CRT1 or recognition time which is the time taken from
thenindicator light being'switChed on to the subject 1ifting’his

finger from the base point. The total reaction time, or CRT2, is
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the total time from the indicator light being illuminated to the
subject moving his finger to the appropriate button. For each
(R reading a mean of 30 responses were taken. During the 24
hours prior to the administration of the drugs the subjects had a
minimum of three practice runs on the Leeds tester followed by a
further 3>runs to establish a base line response. For the
analysis the difference between the mean (RT/CFFT results and the
patient's baseline results were calculated and the mean of these
differences for each time point compared between the control and
disease groups. |

Simple visual analogue scales of sedation and degree of

nausea were also used. These were 10cm lines marked as follows:

Wide awake —-—- Very sleepy

Not nauseated Feeling very sick

The subjects were asked to record their feelings at each

time point in these scales.



FIGURE 7.3

CRITICAL FLICKER FUSION THRESHOLD
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CHOICE REACTION TIME

FIGURE 7.4
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7.8 STATISTICAL METHODS

7.8.1 Standard Statistics

- Standard parametric and non parametric statistical
techniques have been used for comparing the various groups in
this thesis. Where appropriate, Paired Wilcoxon, Mann Whitney U-
tests and Kruskal Wallis analysis of variance, Student's t-test
and parametric analysis of variance have been uéed. The specific
tests used are indicated in the text. Non parametric correlation
was performed using the Spearman Ranking procedure. The
following microcomputer programs were used in the analysis:

a) MINITAB - (Minitab Incorporated, 215 Pond Laboratory,
University Park, PA 16802). This program was modified for
use on an Apricot microcomputer by the department of
computing at Glasgow University and was supplied by them
with a sub-license.

b)  STATSTREAM. A program originally devised at the School of
Biological Sciences, University of East Anglia, Norwich NR4
7TJ. The program is written for an 2Apple II microcomputer
and is distributed through Elsevier - Biosoft, 68 Hills
Road, Cambridge CB2 1LA.

c)  BIODATA HANDLING FOR MICROMOMPUTERS. This program was
written by R.B. Barker of the Department of Clinical
Pharmacology, Bristol University and is also distributed by

Elsevier-Biosoft.



176

7.8.2 Proportional Hazards Regression

The simultaneous influence of a number of variables on the
survival of the patients have been investigated using Cox's
Proportional Hazard model (QOX 1972). This type of analysis has
been designed to take into consideration two characteristics of
survival data. Firstly, the data usually contains incomplete
observations. If a number of patients are followed for a period
of time, a proportion are likely to survive to the time of
analysis. The complete survival information is not available on
on these patients. Nevertheless, the information that they
survived for a certain.period of time can be used in the
analysis. Secondly the distribution of survival times mean that
standard multiple linear regression is not an appropriate
statistical test for the analysis of such data; Proportional
hazards regression does not assume a specific distribution of the
data.

In the Cox's proportional hazard model the hazard or risk of
death (H) at time t for a patient with variables Z1 to Zp is
expressed by -

H(t) = Ho (By %7 +.......BO Zp) £t > O
where Ho ié the underlying hazard and Bl--————- Bo are
regressional coefficients of variables Z1 to Zp. If regressional
coefficient Bl is positive high values of the corresponding
“variable ﬁl indicate a high hazard or worse progression and vice
versa if Bl is negative. If Bl is zero the corresponding

variable Z1 has no influence in survival.
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CHAPTER 8

ANTIPYRINE METABOLISM IN PORPHYRIA IN RELAPSE AND REMISSION
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8.1 SUMMARY

Antipyrine kinetics following a single oral dose were
obtained in porphyric patients in attack and in remission and in
controls. The clearance of antipyrine was significantly lower
during an acute porphyric attack (median: 0.34 ml/min'l kg'l;
range: ‘0.1 - 0.71, P < 0.05) than in patients ih remission
(median 0.53 ml/min"lkg™!, range: 0.28 - 0.87) or controls
(median: 0.52 ml/min'l kg'l; range: 0.32 - 0.93). There was a
significant negative correlation between weight-adjusted
antipyrine clearance and the urinary excretion of the porphyrin
precursors, delta-aminolaevulinic acid (r = -0.86, p< 0.001) and
porphobilinogen (r = -0.82, p<0.002). These data suggest that
the more severe the porphyric attack, the greater the impairment

of hepatic monooxygenase activity.
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8.2 INTRODUCTION

The acute hepatic porphyrias are a group of rare conditions
in which there are hereditary abnormalities in the biosynthesis
of haem (GOLDBERG et al, 1983) (Figure 8.1). Patients can
present with acute abdominal pain, autonomic dysfunction and
neuropsychiatric disturbance (BRODIE and GOLDBERG 1980). During
an acute attack an excess of the porphyrin precursors delta-
aminolaevulinic acid.(ALA) and porphobilinogen (PBG) is found in
the urine. This abnormality persists when the acute attack

' remits although usually to a lesser degree.v In all patients,
hepatic haem synthesis is diminished due to reduced activity of
one enzyme in fhe pathway specific for each type of porphyria.
Conseguently, the initial and rate-limiting enzyme, ALA-synthase
(ALA-S), is derepressed by negative feedback. Elevated activity
of this enzyme can be measured in circulating leucocytes (BRODIE
et al, 1977b) and provides an important extra index for the
identification of latent cases (McQOLL et al, 1982).

The majority of haem synthesised in the liver is utilised
for the formation of the haemoprotein cytochrome P450 which forms
the terminalbcomponent of the hepatic mixed functimn oxidase
enzyme system (GOLDBERG et ai, 1983). |

The purpoée of this study was to assess monooxygenase
activity, as reflected by antipyrine metabolism, in patients with
acute porphyria in attack and in remission, and to attempt to
correlate this activity with the extent of the biochemical

defect in haem biosynthesis.
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8.3 PATIENTS AND METHODS

The study was carried out in 16 patients (14 female, 2 maie)
with hereditary hepatic porphyria. Fourteen had acute
intermittent porphyria (AIP) and 2 variegate porphyria (VP).
' The diagnosis had previously been made by demonstrating incfeased
porphyrin and precursor excretion together with reduced activity
of the appropriate enzyme in circulating blood cells and
elevation of leucocyte ALA-S activity. Eight patients (7 AIP,
1 VP) had typical symptoms of an acute attack (Group 1) and a
further 8 (7 ATIP, 1 VP) were clinically in remission (Group 2).
No patient was receiving any drug known to affect antipyrine
metabolism. Eight non-medicated patients investigated for
irritable bowel syndrome served as controls (Group 3). All
patients had normal standard biochemical liver function tests.
Females predominated in each group with 8 in Group 1 and 7 each
in the other 2 groups. One patient in Group 1 smoked fewer than
10 cigarettes per day. No patient in the other two groups
smokéd tobacco.  The median age of the patients in the three
groups was as follows: = Group l: 32 years (range 18-47), Group
2: 38 years (range 17-54), Group 3: 45 years (range 30-50). The
patients with acute porphyria in attack were lighter than those
in the other two groups but this difference was not statistically
significant. [Group 1l: median 55.8kg (range 43-71); Group 2:
median 66kg (range 52-74); Group 3: median 68.7kg (range 55-
79)1.

Antipyrine kinetics were determined using the Protocol in

‘Chapter 7. Prior to the administration of the antipyrine dose,
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30ml of blood were withdrawn for immediate assay of leucocyte
ALA-S activity and a 24 hour collection of urine for porphyrin
and precursor measurement was commenced.

Leucocyte ALA-S activity (BRODIE et al, 1977b) and urinary
ALA, PBG and total porphyrin content (MOORE 1983) were obtained
using standard techniques.

Results are quoted as medians and ranges. The statistical
analysis used Mann Whitney U tests and correlations were obtained

by'the Spearman ranking procedure.
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8.4 RESULTS
Leucocyte ALA-S activity and porphyrin precursor excretion

in the porphyric patients together with the kinetics of
antipyrine for all 3 groups are shown in Table 8.1. The
porphyrics in attack had significantly higher leucocyte ALA-S
activity and increased urinary ALA, PBG and total porphyrin
excretion compared with those in remission (all p<0.05). The
weight-adjusted clearance of antipyrine was lower in these

patients (median 0.34ml/mir1"1 kg"l; range 0.1-0.71; p<0.05,

Figure 8.2) than in those in remission (median 0.53ml/min"l kg_l;
range 0.28-0.87) and than in controls (median 0.52ml.min"t kg~ 1;

range 0.32-0.93). The volume of antipyrine distribution was
reduced in both porphyric groups (attack: median 22.5L; range
10.1-42.4; remission: median 23.2L; range 17.2-41.3; controls:
median 37.3L; range 24.6-50.0, p<0.05). There were significant
negative correlations between the antipyrine cleérance (ml/min'l
kg_l) and the urinary excretion of ALA (r = -0.86, p<0.001) and
PBG (r = -0.82, p<0.002) but not with total porphyrins (r = -

0.45) or the activity of leucocyte ALA-S (r = -0.45).



183

8.5 DISQISSION

This study confirms that acute attacks of porphyria are
associated with temporary impairment of hepatic oxidation of
antipyrine (ANDERSON et al 1977). Altered hepatic metabolism has
also been reported for Salicylamide (SONG et al 1974), and
aminopyrine (OSTROWSKI et al 1983) but not for phenylbutazone
(ANDERSON et al 1976) or indocyanine green (STEIN et al 1970).
The reduction in antipyrine volume of distribution in all the
porphyric patients was unexpected and remains unexplained. It
may reflect a diminution in muscle bulk consequent upon the motor
neuropathy.

In the acute hepatic porphyrias there are various enzyme
defects in the haem biosynthetic pathway which result in a
relative deficiency of hepatic haem ana an accumulation of
circulating haem precursors. The majority of haem synthesised
in the liver is incorporated into cytochrome P450 which forms the
terminal component of the mixed function oxidase enzyme system
(GOLDBERG et al, 1983). Antipyrine is almost completely
metabolised in the liver by oxidative processes and the different
rates of production of its metabolites reflect the activities of
the enzymes producing them (BOOBIS et al 1981). Reduced
elimination of antipyrine in patients with porphyria could be a
consequence either of reduced cytochrome P450 necessary for its
metabolism or from a functional inhibition of monooxygenase
activity by circulating ALA or PBG. The significant negative
correlation between the extent of porphyrin precursor excretion

~and the elimination of antipyrine can support either possibility.

The correlation between leucocyte ALA-S activity and antipyrine
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clearance did not reach statistical significance. However, the
patient numbers were small and the activity of ALA-S in
leucocytes may not reflect that present in hepatic tissue.

The close correlation between the amount of both porphyrin
precursors excreted in the urine and the antipyrine clearance
suggests that the more severe the porphyric attack the greater

is the impairment of hepatic monocoxygenase activity.
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CHAPTER 9

HEPATIC METABOLIC FUNCTION IN PATIENTS RECEIVING LONG TERM
METHOTREXATE THERAPY: COMPARISON WITH TOPICALLY TREATED
PSORIATICS, PATIENT CONTROLS AND CIRRHOTICS
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9.1 SUMMARY

Standard biochemical liver function tests and the clearances
of antipyrine and indocyanine green have been compared in
psofiatic patients taking methotrexate, psoriatic patients on
topical treatment, patient controls and patients with hepatic
cirrhosis. The methotrexate-treated patients showed significant
elevations in alkaline phosphatase (p<0.025) and gamma glutamyl
transpeptidase activities (p<0.05) compared to topically treated
psoriatics and patient controls. The clearance of antipyrine was
reduced in the methotrexate treated group but not significantly
( 0.1> p > 0.05). In contradistinction, the weight-adjusted
clearance of indocyanine green was significantlyl/ impaired in the
methotrexate group in comparison with the topically treated
psoriatics (p < 0.01).

The clearance of both antipyrine and indocyanine green wex:e‘
markedly lowered in the cirrhotics (p < 0.001 against all other
groups). These data suggest that the serial measuremeﬁt of
alkaline phosphatase and indocyanine green clearance may provide
a non-invasive indicator of the development and progx:'ession of

~ methotrexate-related liver injury.
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9.2 INTRODUCTION

9.3

Methotrexate has been employed in the treatment of severe
psoriasis for more than 25 years (EDMUNDSON & GUY 1958). The
systemic use of this drug has been associated with hepatic
fibrosis (DAHL et al 1971; ZACHERIAE et al 1975) and cirrhosis
(QOE and BULL 1968; ZACGHERIAE et al 1980). An increased
mortality due vto the hepatic complications has been reported
(BAILIN et al 1975). The identification of patients developing
progressive liver injury has not been possible with standard
biochemical liver function tests (ROENIGK et al 1971) or.
technetium 99 sulphur colloid liver scans (GE:RONEMUS et al 1982).
The current policy is kto recommend liver biopsy after each gram
of methotrexate administered (ROENIGK et al 1982). This requires
hospital admission and is associatéd with a small but significant
morbidity and mortality (CALLEN & HANNO 1980; CRESWELL & BURROWS
1980). In addition, a single biopsy may be unrepresentative of
the overali liver architecture and gives no indication of the
functional capacity of the liver.

Dynamic liver function tests are safe, inexpensive and can
be performed on outpatients. These tests reflect aspects of the
liver's metabolic function. The aim of this study was to
investigate the clearances of antipyrine and indocyanine green in
the assessment of hepatic function in patients with psoriasis

receiving long term methotrexate therapy.

PATTIENTS
Four groups of patients have been studied. The first group

consisted of 11 patients (8 male, 3 female) on long term
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methotrexate therapy. The mean age of the group was 55.5 + 7.8
years. ‘The patients had been receiving regular weekly or
fortnightly intravenous dos‘es (5-15mg) of methotrexate for 1-16
years, the mean total dose being 2168mg (range 620-3200mg). The
second group consisted of 14 psoriatic patients (6 male, 8
female) who had never received methotrexate. The third group was
made up of 15 patients without psoriasis or liver disease who
were regarded as patient controls. No patieni: in any of‘ these
three groups was known to abuse ethanol. The fourth group
contained 15 non-dermatological pafients with histologically
proven hepatic cirrhosis. None of the patients in any of the
groups was receiving drugs known to affect hepatic metabolic
function or liver blood flow. The mean age of groups 2,3 and 4
did not differ significantly from that of the methotrexate
treated group (group 2 = 56.3 + 3.5 years; group 3 = 54.1 + 7.1
years; group 4 = 54.0 + 5.6 years). All the cirrhotic patients
and the patients receiving methotrexate had percutaneous liver
biopsies performed for routine histologicai evaluation.

The study was performed with the approval of the local
Ethical Committee and wfitten informed consent was obtained from

all patients prior to inclusion in the study.
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9.4 METHODS

9.5

See chapter 7.2 for antipyrine method.

See chapter 7.3 for indocyanine green method.

The data are expressed as means + the standard error of
the mean unless otherwise stated. Statistical analyses were
performed using Student's t-test with a one way analysis of
variance. Correlation coefficients were obtained by the

Spearman ranking procedure.

RESULTS

Serum alkaline phosphatase (p < 0.025) and gamma glutamyl
transpeptidase (p < 0.05) activities were significantly elevated
in the methotrexate treated patients compared to the topically
treated psoriatics and the patient controls (Table 1). There
were no of.her significant differences in the standard biochemical
tests of liver function between these three groups. | Psb expected
all the standard biochemical liver function tests were disturbed
in the group with cirrhosis compared to the healthy controls (p <
0.001) .

Antipyrine and indocyanine green kinetic data for all four

groups are shown in Table 2. There was a small fall in the

‘antipyrine clearance (ml/min) in the methotrexate treated group

compared to the healthy controls but this was only significant at
the 10% level. Similarly when adjusted for body weight,
antipyrine clearance (ml/min/kg) was not significantly different
between the psoriatic groups and the patient controls (Fig. 1).
The indocyanine gfeen plasma clearance was also reduced in

the treated patients (576 + 163 ml/min) compared to the psoriatic
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control group (695 + 170 ml/min) and the healthy controls (726.8
+ 252 ml/min), these differences being significant at the 10% and
5% levels respectively. When the clearances were corrected for
body weight these differences reached 5% and 1% significance
levels (Fig. 2). |

In the patients ‘with proven hepatic cirrhosis there was a

substantial reduction in the antipyrine and indocyanine green

~clearances (p < 0.001) compared to the other three groups.

There was no significant correlation between the total dose
of methotrexate received and the weight adjusted antipyrine (r =
0.03) and indocyanine green (r = 0.35) clearances or the aikaline
phosphatase activity (r = 0.08). Histological evaluation of the
liver biopsies in the methotrexate treated patients showed that
only one patient had developed hepatic fibrosis. This patient
had elevated alkaline phosphatase and gamma glutamyl trans-
peptidase activities (231 iu/1 and 46 iu/1 respectively) on

antipyrine clearance of 0.34 ml/min/kg and indocyanine green.

clearance of 6.26 ml/min/kg (Fig. 2).

DISCUSSION

‘The standard biochemical tests of liver function are not
regarded as reliable screening tests for liver disease in
patients taking methotrexate (ROENIGK et al 1971).  However,
DAHL and his colleagues (1971) showed that a raised alkaline
phosphatase activity was associated with the subsequent
development of hepatic fibrosis. Alkaline pﬁosphatase of

hepatic origin is indicative of an obstruction to biliary flow.
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In this circumstance the concentration of alkaline phosphatase
in the hepatocyte increases and then overspills into the
circulation (PRICE & SAMMONS 1976). We have demonstrated a
significant elevation in alkaline phosphatase among psoriatics
taking methotrexate. In only two patients was it elevated
outwith the control range, and one of these patients had
histological evidence of hepatic fibrosis. The methotrexate
treated paﬁients also had a significantly elevated gamma
glutamyl transpeptidase activity. The activity of this enzyme
is also increased in conditions which produce an obstruction to
biliary flow (LUM & GAMBINO 1972) but this is less specific
as its activity is also increased by ethanol excess (ROSALKI
1975). |

The clearances of antipyrine and indocyanine green were
well preserved in the.methotrexate treated patients compared to
the florid deterioration in metabolic function observed in the
cirrhotic patients. However, in comparison to the control
population there is a tendency to a reduction in both
clearances which reaches statistical significance for the
indocyanine plasma clearance. This reduction in clearance may
be due to a fall in liver blood £low (CAESAR et al 1961) or a
reduction in the intrinsic uptake of the dye by the hepatocyte
(HUET & VILLENEUVE 1983). In the methotrexate treated patients
who otherwise appear to have well maintained hepatic metabolic
function it is likely that the reduction in indocyanine green
clearance is a reflection of reduced liver blood flow resulting

from a distortion of the liver architecture. The clearance of
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bromosulphthalein (BSP) another highly hepatically extracted
substance, has been shown to be impaired in patients with
methotrexate induced liver injury (WEINSTEIN et al 1970), but no
correlation was found between the degree of retention of BSP and
the histological severity of the liver damage (DAHL et al 1971).

Déspite these méﬁabol ic changes suggesting that the hepatic
architecture is disturbed, eéaminatio'n of hepatic histology
revealed only one patient with demonstrable hepatic fibrosis on
light microscopy. The prevelance of methotrexate associaﬁed
liver injury is low in this small series with only 1/9 patients
affected. 1In previous studies 33-39% of patients had hepatic
fibrosis or cirrhosis (DAHL et al 1971; ZACHERIAE et al 1975;
WEINSTEIN et al 1970). We believe that this may be a reflection
of the policy of giving doses of methotrexate intravenously at
weekly or fortnightly intervals (ALMEYDA et al 1972; WARIN et al
- 1975).

In this preliminary study the alkaline phosphatase
activity was elevated and the indocyanine plasma clearance
significantly lowered in a small group of psoriatics receiving
systemic methotrexate. This combination of changes may be
related to a fine distortion of the liver architecture which is
not apparent on light microscopy of a single liver biopsy core.
The seriél measurement of serum alkaline phosphatase activity
and indocyanine green clearance may provide a non-invasive
method of assessing the development»and progression of
methotrexate associated liver injury. These tests may obviate
the need for routine annual liver biépsies by identifying those

‘ patients with deteriorating liver function. Further studies
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are needed to confirm these findings.
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FIGURE 9.2 : INDOCYANINE GREEN CLEARANCE (ML/MIN/KG) IN ALL
PATIENT GROUPS. Bars represent mean + SEM.

Statistics were obtained using one way analysis

of wvariance.
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CHAPTER 10

ANTTPYRINE AND INDOCYANINE GREEN KINETICS IN THE PREDICTION OF THE
NATURAL HISTORY OF LIVER DISEASE.
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10.1 SUMMARY

Data are presented in this chapter demonstrating the
relative value of standard liver function tests, antipyrine and
indocyanine green elimination in the assessment of the natural
history of chronic liver disease. One hundred and sixteen
patients with chronic liver disease were studied.

When the patients were divided by diagnostic groups there
were similar changes in the standard liver function tests and
kinetic parameters in all the groups{ The only exception was.
that patients with primary biliary cirrhosis had a marked
reduction in the volume of distribution of antipyrine (controls =
36.3 +13.7 1; PBC = 25.4 + 7.3’1 : p<0.005). This suggests that
these patients have a reduced total body water, which may be a
conseqguence of the hyperlipidaemia seen in this conditioﬁ.

The patients were divided into those with and without the
major complications of liver disease - Encephalopathy, ascites
and portal hypertension. A reduction in éntipyrine clearance of
2,16 and 14% respectively was found in the patients with these
complications. The reductions in indocyanine green clearance
were much greater at 44,48 and 37% respectively. The antipyrine
clearance waskreduced by 26% in patients with biopsy proven
active cirrhosis compared to a reduction of 50% in the
indocyanine green clearance. The non-survivors had a 3%
reduction in antipyrine clearance, and a 75% reduction in
indocyanine green clearance. .

When these data werevanalysised by multiple regression and
Cox's propdrtional hazard model, the most powerful of the

kinetic parameters was the indocyanine green half-life. When
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this was included with the patients age in the model all the
other biochemical, histological and kinetic daté became
redundant.

These data show that indocyanine green elimination provides
impoftant information regarding the se\}erity of liver disease.
The greater magnitude of change seen with indocyanine green
compared to antipyrine suggests that an important determinant of
the complications and survival in liver disease is the functional

liver blood flow rather than the hepatic metabolic capacity.
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10.2 INTRODUCTION
The aim of this study was to explore the value of antipyrine
and indocyanine green kinetic data in the evaluation of patients
admitted to hospital with chronic liver disease. The kinetic
data from these drugs were compared to the clinical features of
liver disease, biochemical and histological data. The patients
with liver disease were divided by diagnostic group, hepatic |

complications, and into survivors and non-survivors.

10.3 PATIENTS AND METHODS

One hundred and sixteen patients with liver disease were
studied. Histological diagnoses were alcohol-related liver
disease [ALD] (65), primary biliary cirrhosis [PBC] (25), chronic
active.he‘patitis [CAaH] (12), cryptogenic cirrhosis (6), acute
viral hepatitis (3), haemochroniatosis (2), primary sclerosing
cholangitis (2) and idiopathic portal hypértension (1)« The last ;
five diagnostic categories have been combined as "liver disease -
other causes". A group of 40 patients with no clinical or
biochemical evidence of liver disease wasvi_ncl'uded as‘ controls.
These patients were all admitted to hospital for investigation
of non-hepatological gastrointestinal symptoms. The inajority had
either peptic ulceration or severe constipétion of non-organic
origin.

The methods of data collection, correction, and transfer are
described in Appendix 4, .

The raw data obtained in this study was gathered as Appendix
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3. It is organised in three separate reports. The first report
contains the bésic clinical and biochemical data on the patients.
The second includes the antipyrine and histological data, and the
third lists the indocyanine green data.

The follow-up on ;he patients was taken from entry into the
study to the last observation (either death or censoring). Cox
multiple regression model was used for censored survival data
(Cbx 1972). Before inclusion in the Cox analysis, the
distributions of the continuous variables were checked for
normality and if necessary logarithmic or reciprocal
transformations were made. 1In a skewed distribution any
outlying results exert a disproportionate effect on muitiple
regressional analysis. However a normal distribution is not an
absolute pre-requisite for this type of analysis, and the most
appropriate transformation can be determined by repeated testing
with the regressional analysis. In the regressional analysis
variables which were significant at the 5% level were introduced
into the model and they were discarded from the model if their
significance failed to attain the 10% level.

The study had the approval of the localAethical committee’

and all patients gave written informed consent.

10.4 RESULTS

10.4.1 Results of Comparison Between Disease Groups

The age and sex data (Table 10.1) show a typical
distribution for a large population of patients with liver
disease. There was a significant predominance of females in the

PBC (96%) and CAH (75%) groups and there was a slightly more
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males in the alcoholic (69%) and mixed liver disease groups
(64%). The groups were well matched for age except for the PBC
group, who were on average 10 years older that the other
patients.

The prevalance of the three major complications of liver
disease are shown in Table 10.2, The distribution of these
complications was not significantly different in any group.
However there was a tendency towards a lower prevalance of
encephalopathy and ascites in the PBC group suggesting that this
group had less severe liver disease.

The results of the standard biochemical tests of liver
function are summarised in Tables 10.3a and 10.3b. As expected
most of these were significantly abnormal compared to controls in
all the patient groups.

The antipyrine kinetic data are surflrnarised in Table 10.4.
There wefe significant deviations from the control results in all
patient groups. Generally the pattern of abnormalities was
similar in each patient group with a reduction in the plasma
clearance and a prolongation in the half 1life, with no altertion
in the volume of distribution The only deviation from this |
pattern occurred in the PBC group, where there was a significant
reduction in the volume of distribution (Controls = 36.3 + 13.7
1; PBCgroup = 25.4 + 7.3 1; P < 0.005). This offset the
reduction in the clearance so that there wés not a significant
alteration in the half life.

The indocyanine green kinetics are sunmarised in Table 10.5.

The general pattern is similar to that seen with antipyrine but
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the overall differences were greater.

10.4.2 Encéphalopathy

There was a clinical history of encephalopathy in 32 (27%)
of the patients with liver disease. The results of standard
biochemical liver function tests, antipyriné and indocyanine
green kinetic daté for patients with and without encephalopathy
are summarised in Tables 10.6, 10.7 and 10.8. The serum albumin
was significantly reduced in the encephalopathic group
(Encephalopathy = 29.8 + 6.8 g/1: No Encephalopathy = 36.5 +
6.7 g/1, P < 0.005). The serum bilirubin was higher in the
encéphalopathic patients (Encephalopathy = 94.8 + 113.9mmoi/l;
No encephalopathy = 25.4 + 24.2mmol/1; P < 0.001). There was no
s,ignificant’ alteration in the other standard liver function tests
including aspartate transaminase, alanine transaminase and the
gamma glutamyl transpeptidase (Table 10.6).

The antipyrine kinetics show a curious pattern with a marked
increase in the volume of distribution in the encephalopathic
patients (Encephalopathy group = 39.8 + 17.3 L: No
encephalopathy = 30.2 + 8.9 L; P < 0.001). Therewas a
concomitant small increase in the elimination half life but no
alteration in the plasma clearance (Table 10.7).

The indocyanine green kinetic data also show a small
increase in the volﬁme of distribution in the encephalopathic
patients. However, for this drug there is a marked reduction in
the clearance (Encephalopathy group = 231.2 + 240.2ml/min; No

encephalopathy = 406.2 + 214.7ml/min, P < 0.001). Consequently
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the elimination half life is markedly'prolonged in the
encephalopathic group (Encephalopathic group = 21.6 + 13.0min;

No encephalopathy = 8.9 + 9.2 m1/min; P < 0.001) (Table 10.8).

10.4.3 Ascites

There was clinical evidence of ascites in 40 (34%) of the
liver disease patients studied. The results of the standard
biochemical liver function tests, antipyrine and indocyanine
green kinetic data are shown in Tables 10.9, 10.10 and 10.11.

The standard biochemical tests showed significant elevations
of the serum bilirubin and a significant reduction in the serum
albumin (Table 10.9).

The antipyrine kinetic data showed a small but significant
increase in the volume of distribution (Ascites = 37.0 + 16.5
L; No ascites = 30.8 + 9.4 L; P < 0.05). There was a small but
insignificant reduction in the plasma clearance. However, the
combination of these two changes resulted in a major prolongation
of the elimination half life (Ascites = 31.1 + 22.2 hrs; No
ascites = 16.5 + 8.6 hrs; < 0.001) (Table 10.10).

The indocyanine green kinetic data shows marked differences
in all the parameters studied with a significant increase in the
volume of distribution and half life with a reduction clearance
(Ascites = 227.3 + 211.1 L; no ascites = 435.9 + 212.9 L:

p<0.001) (Table 10.11).

10.4.4 Portal Hypertension

In the liver disease group there were 2 patients (2%) with

surgical portocaval shunts, 19 (17%) who had previous bleeding
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from oesophageal varices and 16 (14%) who had oesophageal varices
on routine barium swallow. These 37 patients (33%) were combined
to form a portal hypertension group.

There were only small changes in the Standard biochemical
liver function tests between the two groups (Table 10.12).
Similarly there were no significant alterations in the kinetics
of antipyrine (Table 10.13). However, the indocyanine green
kinetics were significantly altered {Table 10.14) in the portal
hypertension group with a significant increase in the half 1life
and volume of distribution with a reduction in the plasma
clearance (Portal hypertension = 254.1 + 131.5ml/min; no portal
hypertension 407.9 + 256.2ml/min: p<0.005). Although these
changes were significant they were less marked than those seen in

the encephalopathy and ascitic group.

10.4.5 Histological Classification

On the basis of the findings on histological examination of
the liver biopsies the patients were divided into four groups.
There were 33 patients who had evidence of an active cirrhosis.
These patients had histological evidence of both cirrhosis and an
active hepatitis with most of these patients having an alcoholic
aetiology. Five patients had an inactive cirrhosis and in 35
patients the liver histology showed evidence of liver disease
which had not progressed to cirrhosis. 1In a further 32 patients
liver biopéy was not performed either because it was judged tovbe
too hazardous or because it was not clinically indicated.

The results of the standard biochemical liver function tests
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are shown in Table 10.15. The patients without biopsy evidence
of cirrhosis had significantly elevated levels of gamma glutamyl
transpeptidase. This probably reflects the disproportionate
number of patients with primary biliary cirrhosis in this group.
The serum albumin was also significantly higher indicating
better metabolic function 'in the non cirrhotic group compared to
the cirrhotic patients.

Similar patterns are seen for antipyrine and indocyanine
green (Tables 10.16 and 10.17). The clearance of both drugs is
significantly reduced in the active cirrhotic group compared to
the non cirrhotic group. Small increases occurred in the volume
of distribution of both drugs, togethér with a marked
prolongation of the half life. Once again the changes were

greater for indocyanine green than antipyrine.

10.4.6 Comparison Between Survival Groups

During the study 29 patients died with liver disease, the
details of the diagnosis, age, sex, follow up and cause of death
are shown in Table 10.17. The majbrity éf tﬁese deaths were as
a direct result of one of the complications of liver disease. ‘
However, three patients died of dissémihaﬁed non hepatic
malignancy, two of which were bronchogenic carcinomas and one
cervical carcinoma.

The results of the standard biochemical tests for the non-
survivors and survivors is shown in in Table 10.18. Comparison
between the survivors and non-survivors shows that the serum
albumin is signficiantly low (Survivors = 36.9 + 6.9g/1; Non-

survivors 28.8 + 6.5g/1; P<0.001), and serum bilirubin elevated



211

(Survivors = 28.4 + 49.4umol/1 : Non-survivors = 86.7 + 95.5
umol/1 : P<0.001) in non-survivors. TheAnon—survivors also
showed higher serum globulins concentrations together with higher
aspartate transaminase and gamma glutamyl transpeptidase
activities. The alanine transaminase and alkaline phosphatase
activities did not differ significa;tly between survivors and
non-survivors.

The results of antipyrine kinetic in the survivors and non-
survivors are shown in Table 10.19. There were significant
differences between the‘patients with liver disease and the

- control group for both the half-life and the clearance. Only the
differences in the half-lives were signficantly different between
survivors and non-survivors. (Survivors = 19.3 + 15.3hrs: Non-
survivors = 28.3 i 17.9hrs : P<0.05) (Figure 10.1).

The kinetic data for indocyanine green in survivors and non-
survivors are summarised in table 10.20. There are highly

signficant alterations in all the kinetic parameters between the

survivors and non-survivors. (Figure 10.2).

10.4.7 Multiple Regression Analysis

Analysis 1l: The first analysis was designed to assess the
prognostic value of the antipyrine and indocyanine green
kinetic data. The multiple regression analysis program was
started with the patients age. The program was then offered
all the antipyrine and indocyanine green kinetic parameters

and their logarithmic transformations. The result of the
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initial step of the regressional analysis is shown in Table
10.22, Any variable with a Chi-square > 4 and a P value <
0.05 has additional prognostic value. The most useful
antipyrine parameter was the half-life (Chi-square = 9.69)
and the strength of this variable was improved by log
transformation (Chi-square = 11.57). None of the other
antipyrine data had prognostic value.

Several of the I(G parameters were of prognostic
importance and the most powerful of the was thé log of the
half-life (Chi-square = 38.61). This variable was added to
the age because it was the most bpowerful prognostic variable
offered and the program is rerun. The results of the
analysis are shown in Table 10.22 At this stage of the
analysis none of the Chi-square or P values for inclusion in

the model were significant.

Analysis 2: Tﬁis analysis repeated Analysis 1 using the
square root and reciprocal of the IGS half-life. The
results of this analysis are shown in Table 1b.23. The most
powerful mathematical transformation of the IGG half-life

was its reciprocal (Chi-square = 45.02; P<0.001)

Analysis 3: The following variables were used in this
analysis:- Age, élbumin, logv bilirubin concentration, Log
AST activity, Log GGT activity, prothrombin time, presence
of portal hypertension, sex, presence of ascites, presence

of encephalopathy, Childs Classification, reciprocal of 1CG
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half-life and reciprocal of antipyrine half-1life.

Results of this initial step of this analysis are shown
in Table 10.24. The serum bilirubin is the only standard
liver function test which significantly contributed to the
analysis and in the next four steps the program eliminates
ALT, Prothrombin time, AST and GGT (Table 10.25). At this
stage the program accepted the reciprocal of the IG5 half-
life with the result that the serum bilirubin became
redundant and was removed. The final result of the second
analysis is shown in Table 10.26. There were now only three
significant variables age, serum albumin concentration and
the reciprocal of IGS half-life. Of these, the serum
albumin was exerting only a very wéak influence (Chi-square

= 2.75; P=0.097).

Anglzsis 4: This analysis repeated analysis 2 using all the
same variables but on this occasion not allowing the
redundant variables to be discarded. Again the program was
started with age and the standard biochemical liver function
tests and these variables are forced to stay in the
analysis. Only the presence of ascites and the reciprocal
of IG5 half-life exceeded the limits for inclusion (Table
10.27) but when the IGG tl1/2 was included then the
significance of ascites was lost (Chi-Squared = 0.99, p =

0.319).

10.5 CONCLUSION

This is the first large study which compares kinetic data
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for the elimination of low and high hepatic extraction ratio
drugs using multiple regressional analysis. It confirms previous
wbrk showing that liver disease is associated with impairment of
the excretion of antipyrine (BRANQH et al 1973 and 1976(b);
ANDREASEN 1974, 1975, 1976(a); FARRELL et al 1978; KRAUS et al
1980) and indocyanine green (BRANCH et al 1976(b); GILMORE et
al 1982). |

For the different diagnostic groups the pattern of
abnormality in the kinetic data generally shows a reduced
clearance of both drugs with little change in the volume of
distribution, so that there is a concomitaﬁt increase in the
elimination half life. .The only exceptions were the 23 patients
with érimary biliary cirrhosis where there was a marked reduction
in the volume of distribution of antipyrine. This change in
distribution was not seen with indocyanine green. This does ndt
reflect the severity of the disease in the PBC group as they
appeared to have relatively mild liver disease, judged from the
standard liver function tests and the incidence of complications.
However, one of the features of primary biliary cirrhosis is a
marked increase in the total serum lipids particularly the
phospholipids and total cholesterol (SHERLOCKX 1975). These
changes are not seen to the same degree in other forms of liver
disease. ‘Measurement of the distribution of antipyrine is a
standard method for determining total body water (SOBERMAN et al
1949) and so the changes seen in primary biliary cirrhosis may
reflect a reduc£ion in the total body water content, consequent
upon an increase in total body lipid coﬁtent. A previous study

of antipyrine metabolism in patients undergoing dietary
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manipulation, showed that following a high saturated fat diet
there was a rise in the serum cholesterol and a fall in the
volume of distribution of antipyrine (ANDERSON et al 1979).

The differences in indocyanine green clearance tended to be
greater than the differences‘in antipyrine clearance in all the
groups. In the encephalopathic patients there was a 45%
reduction in IGG clearance and a 2% reduction in AP clearance,
similarly for the ascitic group (54% vs 16%) and for the portal
hypertension group (39% vs 14%). Indocyanine green is extracted
and excreted by the liver without biochemical transformation. It
has a high hepatic extraction ratio so that its rate of
elimination is primarily dependent on the functional liver blood
flow. For antipyrine the rate of elimination is primarily
dependent on hepatic metabolism. If the primary factor
determining the occurence of a complication of liver disease was
the hepatic metabolic capacity then the clearance of antipyrine
should be a more sensitive indicator of complicated liver disease
than indocyanine green. The observation that indocyanine green
appears to be a better indication of iiver dysfunction suggests
that the functional liver blood flow is more important than
hepatic metabolic capacity in determining the occurence of
complications. 1In chronic liver disease there is a reduction in
functional liver blood flow because of thé porto-systemic
shunting of blood through extra and intrahepafic connections
(POPPER et al 1952).

This concept is further supported by the observation that
concentrations of cytochrome P-450, and activities of‘ aminopyrihe

demethylation, P-nitrosonisole demekthylation and NADPH-
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cytochrome C reductase in liver biopsies show little alteration
in mild liver disease (MAY et al 1974) and are only reduced in
the presence of very severe diseasé (SCHOENE et al 1972). The
relative importance of ICG elimination as a test of liver
function is further emphasised by the 57% reduction in non-
survivors with liver disease compared to a reduction of 44% in
antipyrine clearance and 22% in serum albumin. The only factor
which showed a greater percentage change in the non-survivors was
the serum bilirubin which was elevated by 96%.

. The Cox Proportional'haéard analysis suggests that ICG
elimination has prognostic importance independent of any other
factor measured with the exception of age. The analysis also
reveals that the strongest ICG parameter is the half life.
Previous studies of the use of drugs as prdbes of liver
dysfunction have tended to concentrate on the measurement of the
clearance of the drug as it is a purer measurement of organ
function. The half life is dependent on the clearance and the
volume of distribution. Both of these factors are altered in
liver disease so that the half life may be a more suitable
measurement of the severity of liver disease. |

These data suggest the relative importance of indocyanine
green elimination as a measurement of the severity of liver
disease. They suggest that an important factor in determining
the deterioration of function that occurs in liver disease is the
mismatching of functional hepatocytes with blood flow as a result

of intra and extrahepatic portosystemic shunting.
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TABLE 10.1 DETAILS OF AGE AND SEX IN CONTROL SUBJECTS
AND PATIENTS WITH LIVER DISEASE

SEX

AGE (yrsf

n Mean  SD SEM Female (%) Male (%)
CONTROL 40 54.1 13.4 2.1 18 (46) 21 (54)
LIVER DISEASE 116  53.9 12.0 1.1 59 (51) 57 (49)
PRIMARY BILIARY 25 61.3++ 9.3 1.9 24 (96) 1* (4)
CIRRHOSIS ‘
CHRONIC ACTIVE 12 53.6 13.7 3.9 9 (75) 3 (25)
HEPATITIS
ALCOHOLIC LIVER 65 51.6 11.4 1.4 21 (31) 44 (69)
DISEASE _
OTHER LIVER 14 51.8 13.3 3.6 5 (36) 9 (64)
DISEASE

Statistics by Chi-squared test

* =p < 0.05

Comparison with Control Group

Statistics by analysis of variance Comparison with Control Group

++ = p < 0.001
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TABLE 10.2 DETAILS OF THE MAJOR COMPLICATIONS OF LIVER
DISEASE IN EACH DIAGNOSIS GROUPS

PRIMARY CHRONIC ALCOHOLIC OTHER
LIVER BILIARY ACTIVE LIVER LIVER
DISEASE CIRRHOSIS HEPATITIS DISEASE DISEASE
n. (%) n (%) n (%) n (%) n (%)
ENCEPHALOPATHY
Absent 84 (73) 23 (92) 9 (75) 42 (65) 10 (71)
Present 32 (27) _ 2 (8) 3 (25) 23 (35) 4 (29)
ASCITES
Absent 76 (66) 22 (88) 8 (67) 36 (55) 10 (71)
Present 40 (34) 3 (12) 4 (33) 29 (45) 4 (29)

PORTAL HYPERTENSION

No Varices 76 (67) 18 (72) 10 (84) 42 (65) 9 (64)
Varices 16 (14) 6 (24) 1 (8.5 9 (14) 0 (0)-
Previous

Varice