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Bilirubin metabolism

An understanding of the mechanisms involved in the production of
jaundice requires a knowledge of bilirubin metabolism. As advances
have been made in this field it has become necessary to re-examine and
modify some of the earlier concepts of jaundice. In recent years the
most fruitful research has been that directed towards the elucidation
of the origin and formation of bilirubin, and also investigations into
the mechanisms of uptake, conjugation, and secretion of bilirubin by
the liver cell; particular attention has been paid to the way in which
these processes can be altered by drugs.

Bilirubin is primarily a breakdown product of haemoglobin, haem,
from senescent red blood cells. The sequence of events in this process
has been a controversial matter and has been discussed in detail by
With.' The recent studies by Tenhunen et al (1968),2 in which they
demonstrated the enzymatic conversion of haem to bilirubin by haem
oxygenases present in liver and spleen microsomes, can be expected
to shed further light on this problem. Studies in vivo have suggested
that haematin,3 protoporphyrin,4 and biliverdin5 may be intermediate
metabolites. Normally 200 to 300 mg of bilirubin is produced each day
and the human body is able to excrete this amount efficiently. Greater
loads than this can be handled without clinical jaundice becoming
apparent, and in some haemolytic states as much as 2,000 to 3,000 mg
may be excreted each day with only a moderate elevation of the serum
unconjugated bilirubin concentration, provided that liver function is
normal.

Following the demonstration by London et al (1950)6 and Gray
et al (1950)7 that some of the bilirubin produced each day (10%-20%
in the normal subject) was derived from sources other than the haemo-
globin-haem of senescent red cells, much attention has been given to
this so-called 'early labelled bilirubin', and the possibility that an
increase in its production might be a cause ofjaundice has been explored
(see review by Robinson, 19688). Increased production of early labelled
bilirubin has been documented in a wide range of disorders many,
but not all, of which are characterized by some abnormality of erythro-
poietic function. A rational basis for these findings was provided by
the studies of Israels and his colleagues,9'10 who found that early
labelled bilirubin had two major components, one of which was
related to erythropoiesis while the other was independent of erythro-
poiesis. There is now further information to suggest that each com-
ponent comprises two or more subcomponents.1
The non-erythropoietic component appears to be synthesized mainly

in the liver, and, according to Levitt et al (1968),11 is derived from 'free'
haem or its precursors and also from the rapid turnover of several haem
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proteins, including some of the microsomal cytochromes associated
with drug metabolism. This latter component has been shown to be
increased by phenobarbital administration in animals,'2 but the
findings in one patient with congenital non-haemolytic hyperbilirubin-
aemia were equivocal.'3 Increased formation of non-erythropoietic
early labelled bilirubin has been reported in pernicious anaemia,10
in congenital erythropoietic porphyria,'4 and in the Crigler-Najjar
syndrome.'3
The erythropoietic component is probably formed in the bone

marrow, although its exact source is not currently known. It may
arise from reticulocytes and normoblasts that fail to reach maturation
(or haemolyse), inclusion bodies (especially in thalassaemia), and non-
haemoglobin sources of haem or its precursor pyrroles.8 It is greatly
increased by hyperplastic reactions of the bone marrow and may
contribute to the hyperbilirubinaemia of many haemolytic disorders.
Robinson et al15 have shown that the jaundice in a young girl with
thalassaemia minor could be entirely accounted for by the formation
of early labelled bilirubin.
The process whereby bilirubin is transferred from the plasma into

the liver cell is still poorly understood. It appears to be extremely rapid
and involves first the detachment of the pigment from albumin at the
cell surface and then, according to Levi and his associates,'6 acceptance
by two specific binding proteins (Y and Z) in the cytoplasm of the cell.
Such drugs as bunamiodyll7 and male fern oil (flavaspidic acid),'8 which
inhibit the hepatic uptake of bilirubin, probably act by competing with
bilirubin for these binding sites. Bromsulphthalein is also bound by the
Y and Z fractions, and, since its rate of removal from the plasma is not
impaired in Gilbert's syndrome, it is unlikely that a deficiency of these
proteins will prove to be responsible for the limited hepatic uptake of
bilirubin in this condition.'9
Although small amounts of bilirubin sulphate20 have been identified

in human bile there is little doubt that more than 90%/o of the bilirubin
present in bile is in the form of its glucuronide derivatives. Glucuronide
conjugation takes place in the endoplasmic reticulum of the liver cell
with uridine diphosphoglucuronic acid as the glucuronyl donor
and bilirubin UDP-glucuronyl transferase acting as the enzyme for the
reaction. A deficiency of this enzyme has been convincingly demon-
strated in the jaundice of prematurity21 and in the Crigler-Najjar
syndrome22 and results in a severe unconjugated hyperbilirubinaemia.
In the latter condition isotopic studies by Schmid and Hammaker23
have shown that a steady serum bilirubin concentration is achieved by
catabolism of the pigment and possibly excretion of bilirubin across the
intestinal wall. Evidence regarding the role of the enzyme in a variety of
conditions characterized by small or moderate increases in the serum un-
conjugated bilirubin has been conflicting, probably because of lack of
sufficiently sensitive assay techniques. Recent studies, in which a new
procedure for assaying bilirubin UDP-glucuronyl transferase activity in
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specimens of liver obtained by needle biopsy was used, showed that
enzyme activity was reduced in patients with Gilbert's syndrome and
Wilson's disease, but not in other types of liver disease.24 These results
suggested that the impaired hepatic uptake of bilirubin in Gilbert's
syndrome"9 could be partially explained by the enzyme deficiency, since
conjugation appears to be one of the limiting factors in this process.
Interference with conjugation has been postulated as the cause of the
unconjugated hyperbilirubinaemia which may follow the administ-
ration of some drugs, eg, novobiocin,25 especially in the newborn.
The glucuronide conjugating capacity of the liver can be enhanced

by the administration of drugs such as phenobarbital, which cause
induction of microsomal enzymes.26 Such treatment has resulted in
reduction in the jaundice ofpatients with severe idiopathic unconjugated
hyperbilirubinaemia,27'28 and probably represents the first therapeutic
application of enzyme induction. Arias and his associates29 have found
that in the more severely affected patients with the Crigler-Najjar
syndrome, whose bile is essentially colourless and who presumably
have an absolute deficiency of the enzyme, no beneficial effect is
obtained with phenobarbital. There is evidence that factors other
than increased conjugation of bilirubin may be involved in this re-
sponse,28'30 which might explain the improvement observed in some
patients with biliary cirrhosis.31 Phenobarbital therapy does not,
however, influence the degree of jaundice in patients with complete
biliary obstruction.32 Whether its administration will prove of use in
preventing severe jaundice in the newborn33 remains to be established;
in this situation the speed at which enzyme induction is achieved will
be extremely important, so that it is possible that drugs other than
phenobarbital may prove more beneficial.
The secretion of bilirubin into the bile requires the transfer of

conjugated bilirubin across the membrane separating the liver cell
from the lumen of the biliary canaliculus by an active transport mech-
anism, which is common for many organic anions, including brom-
sulphthalein, but not for conjugated bile acids.34 Competition for this
transport mechanism can be demonstrated by the administration of a
variety of steroids, including the C-17 alkyl-substituted testosterones,
and some of the progesterone and oestrogen components of the contra-
ceptive pill.35 In patients with the Dubin-Johnson or Rotor syndromes,36
as well as in the Corriedale sheep,34 the functioning of this transport
system is impaired and a mild chronic conjugated hyperbilirubinaemia
results without other features of cholestasis.

In the gut, bacterial conversion of bilirubin to urobilinogen com-
pounds occurs.37 Elegant isotopic studies by Lester and Schmid con-
firmed that there is an enterohepatic circulation for both bilirubin38
and urobilinogen.39 It is doubtful whether these processes are of
physiological importance in the normal subject, although the detection
of increased amounts of urobilinogen in. the urine remains a useful
diagnostic test in haemolytic disorders and liver disease.40
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In complete biliary obstruction the serum bilirubin concentration
rises and then remains at a relatively constant level, largely as the
result of renal excretion of the conjugated pigment.4' Recent studies
have established that this process involves glomerular filtration of a
small dialysable fraction of the plasma conjugated bilirubin rather
than tubular secretion42 43 or non-ionic diffusion."

BARBARA H. BILLING AND MARTIN BLACK
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