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SUMMARY Studies in 14 patients with unconjugated hyperbilirubinaemia caused by Gilbert's
syndrome have revealed abnormalities of the enzymes of haem biosynthesis measured in
peripheral blood cells. The activity of the penultimate enzyme of haem biosynthesis protoporphyrinogen (PROTO) oxidase was reduced at 3-1±2.6 nmol PROTO/g protein/h (mean±ISD)
compared with 8*2±5-1 in controls (p<0.005). This was associated with a compensatory increase in
the activity of the initial and rate controlling enzyme of the pathway delta-aminolaevulinic acid
(ALA) synthase at 866±636 nmol ALA/g/protein/h compared with 156±63 in controls (p<0.001).
Unlike variegate porphyria in which there is a genetic deficiency of PROTO oxidase there was no
increased excretion of porphyrins or their precursors in Gilbert's syndrome. Accentuation and
subsequent correction of the unconjugated hyperbilirubinaemia with rifampicin produced
reciprocal changes in PROTO oxidase activity indicating that bilirubin may be inhibiting the
activity of this enzyme.

Gilbert's syndrome originally described in 1901 by ferase activity.`8 Gilbert's syndrome may be a
Gilbert and Lereboullet' is a benign disorder affect- heterogenous disorder.9 We wish to report a preing 2-5% of the population. It is characterised by viously unrecognised biochemical abnormality in
mild, chronic, variable unconjugated hyperbili- patients with the syndrome which involves the
rubinaemia in the presence of otherwise normal enzymes of haem biosynthesis and discuss its
standard liver function tests and normal liver relationship to the previously reported disturbances
histology. The hyperbilirubinaemia is mainly the in haem degradation.
result of reduced bilirubin clearance2 though in
approximately 50% of subjects with the syndrome, Methods
there is also an increased rate of bilirubin formation
because of slightly shortened red blood cell survival.3 PATI ENTS
The cause of the impaired bilirubin clearance Eleven male and three female patients previously
remains unclear. Compartmental analysis of radio- diagnosed to have Gilbert's syndrome were studied.
bilirubin kinetic studies suggests a reduction in both Their mean age was 33 years (range 19-59). Total
the uptake and conjugation of bilirubin,24 though bilirubin concentrations at the time studied ranged
non-compartmental analytical techniques have failed from 19-54 [imol/l (normal range 5-17) with a mean
to confirm the presence of an uptake defect.5 In vitro value of 31 I,mol/l. In each case the bilirubin was
assays of bilirubin conjugation have consistently predominantly unconjugated and the reticulocyte
shown reduced bilirubin-UDP-glucuronyl trans- count less than 2%. None of the patients was on any
medication. For comparison, 20 normal subjects (15
men and five women, mean age 32 years) and nine
patients with variegate porphyria (eight women and
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one man, mean age 31 years) were also studied. Each
of the porphyria patients had experienced an attack
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of porphyria in the past but were all in clinical
remission when studied. The diagnosis of variegate
porphyria had been confirmed previously by
markedly increased faecal porphyrin excretion, consisting predominantly of protoporphyrin, together
with increased urinary excretion of ALA and
porphobilinogen.
In six of the subjects with Gilbert's syndrome, the
effect of rifampicin on the serum bilirubin concentration and activities of leucocyte ALA synthase and
PROTO oxidase was studied. It was administered in
single daily doses of 600 mg at 23 00 hours and blood
samples for bilirubin and rifampicin concentrations
and enzyme activities obtained nine hours after the
second, seventh and 10th doses. In one subject it was
not possible to obtain the two later samples.
The activities of the mitochondrial enzymes of the
haem pathway ALA synthase, coproporphyrinogen
oxidase, PROTO oxidase and ferrochelatase were
measured in leucocytes and the cytosolic enzymes,
ALA dehydratase, porphobilinogen deaminase and
uroporphyrinogen decarboxylase in erythrocytes as
previously described.'0 The PROTO oxidase assay
involved the spectrofluorimetric measurement of the
rate of protoporphyrin formation using protoporphyrinogen as substrate by a modification of the
method of Brenner and Bloomer." In this the
reaction was run at pH 9.2 and without the addition
of sodium EDTA. The serum total bilirubin concentration was determined by the Michaelsson diazo
method'2 and an estimate of the unconjugated
fraction obtained from the indirect reaction. Urinary
porphyrins were measured by high performance
liquid chromatography as described by Seubert and
Seubert.'3 The concentrations of ALA and porphobilinogen in urine, coproporphyrin and protoporphyrin in faeces and protoporphyrin in erythrocytes
were measured as described by Moore.'4 Rifampicin
concentrations were measured by the method of
McConnell et al.'`
Preliminary studies were carried out to ensure that

bilirubin did not interfere with the fluorometric
measurement of protoporphyrin and thus affect the
measurement of PROTO oxidase activity. In place of
the washed leucocytes, bilirubin IXai was dissolved in
PROTO oxidase buffer (pH 9.2) in varying concentrations up to 300 [tmol/l, and shown to have no
effect on the measurement of protoporphyrin in the
final incubation solution. Studies were also performed to ensure that concentrations of rifampicin up
to 20 ,ug/ml did not interfere with the measurement
of bilirubin or protoporphyrin.
STATISTICAL ANALYSIS

Statistical comparison of the values in the three
different groups of subjects studied was done using
the non-parametric Mann Whitney U test. The
Spearman rank correlation was used to assess any
relationship between bilirubin concentration and
enzyme activities. The study was approved by the
Hospital Ethical Committee.
Results
The activities of the enzymes of haem biosynthesis ill
the three groups of subjects studied are shown in
Table 1. In the subjects with Gilbert's syndrome the
mean ALA synthase activity was increased at 866
(range 360-2310) nmol ALA/g protein/h compared
with 156 (range 60-352) in the normal subjects
(p<O-001) (Fig. 1), and the mean PROTO oxidase
activity reduced at 3-1 (range 0.3-7.8)±2.6 nmol
PROTO/g protein/h compared with 8-2 (range
3.2-14.9), (p<0-005) (Fig. 2). These enzyme
abnormalities in Gilbert's syndrome were similar to
those in variegate porphyria (Figs 1, 2). In the
subjects with Gilbert's syndrome there was no significant correlation between the total bilirubin concentration and the activities of either PROTO oxidase or
ALA synthase. All of the 14 subjects with Gilbert's
syndrome had normal excretion of porphyrins and
precursors whereas each of the subjects with varie-

Table 1 Activities of the enzymes of haem biosynthesis in subjects with Gilbert's syndrome, patients with variegate porphyria
and normal controls
ALA synthase

ALA

(nmolALAIg

PBGdeaminase Uropor-

dehydratase

([nolALA/

(nmol UROI
IRBClh)

30-8±87
28-1±12-8
25-6±7-4

protlh)

protlh)

34-7±6-0
36-8±4-7
28-7±6-2

59-6±39

IRBC1min)

Normal(n=20)
156±63
Gilbert'ssyndrome 866±636t
(n= 14)
Variegate
1178±655t
porphyria (n=9)

Coproporphyrinogen
oxidase (nmol

phyrinogen
decarboxylase
(nmol COPROI
IRBClh)
50±25
36±24

Results expressed as mean ± ISD.
*p<O0OO5; tp<0 001 =significance values compared with normal subjects.

PROTOoxidase Ferro-

(nmolPROTO/g chelatase

protlh)

(pmol
meschaem/
gprotlh)

141±45
194 5±72

8-2±5-1
3.1+2.6*

3 8±2-2
4-0±2-2

204+119

2.6+2.4*

2-12±1-8

PROTOIg
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Fig. 2 Activity of PROTO oxidase in peripheral leucocytes
in Gilbert's syndrome, variegate porphyria and normal
controls.
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Fig. 1 Activity ofALA synthase in peripheral leucocytes in
Gilbert's syndrome, variegate porphyria and normal
controls.

gate porphyria had increased faecal excretion of

protoporphyrin and coproporphyrin and in five there
also increased excretion of ALA and porphobilinogen in the urine (Table 2). The erythrocyte
protoporphyrin concentration was normal in both
conditions.
Rifampicin treatment in each of the six patients
studied with Gilbert's syndrome initially increased
the total bilirubin concentration because of a rise in
the unconjugated fraction (Fig. 3). Nine hours after

was

the second dose the mean total bilirubin concentration was 67 Fmol/l (range 35-140) compared with the
prerifampicin value of 32 ,umol/l (range 19-50).
This was associated in each subject with further
depression of PROTO oxidase activity and a further
increase in ALA synthase activity (Fig. 3). The mean
PROTO oxidase activity fell to being 1.7 nmol
PROTO/g protein/h (range 0.3-5.2) compared with
the pretreatment value of 2-9 (range 1-7.8) and mean
ALA synthase activity rose to 897 nmol ALA/g
protein/h (range 337-1500) compared with the pretreatment value of 535 (range 287-1000). With continued rifampicin therapy the bilirubin concentration
fell and by the 10th day of treatment four of the five
subjects monitored for this length of time had values
within our normal range. Likewise with continued
dosing the plasma rifampicin level (mean± 1 SD) fell,
being 6.54±3.1 ,ug/ml, 1*74±1.5 pg/ml, and

Table 2 Excretion ofporphyrins and porphyrin precursors and erythrocyteprotoporphyrin concentration in Gilbert's
syndrome and variegate porphyria
Erythrocyte

(Wnoll24h)
Normal range

0-900

Gilbert'ssyndrome 620
mean (range)
(474-976)
Variegate porphyria 698
mean (range)
(370-1085)

Faecal

Urine

protoporphyrin
ALA
(nmol/l)
0-40

PBG
(nmoll24h)
0-16
4

Uroporphyrin Coproporphyrin Coproporphyrin
(nmollg dry wt)
(nmol/24h)
(nmol/24h)
0-76
0-430
0-49
2

71

30

Protoporphyrin
(nmollg dry wt)
0-200
112

11-9
(1-24)

(0-11)

(0-4)

(33-147)

(22-37)

45

44

72-

420

558

1243

(66-1400)

(355-2536)

(1-82)

(1-62)

(8-141)

(44-938)

(79-139)
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nmol ALA/g protein/h compared with their pretreatment value of 580.
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Fig. 3 Effect of rifampicin 600 mglday on the serum total
bilirubin concentration and the activities of PROTO oxidase
and ALA synthase in peripheral leucocytes in six subjects
with Gilbert's syndrome.

1-15±1-0 [ig/ml after the second, seventh and 10th
doses respectively. The normalisation of the bilirubin
concentration was associated with a rise in PROTO
oxidase activity and fall in ALA synthase activity. In
the five subjects monitored for 10 days the mean
PROTO oxidase activity rose to 4.7 nmol PROTO/g
protein/h compared with their pretreatment value of
2-6 and the mean ALA synthase activity fell to 352

Our observations indicate that in addition to disturbed bilirubin metabolism subjects with Gilbert's
syndrome also have abnormalities of haem biosynthesis characterised by increased activity of the
initial enzyme of the pathway ALA synthase and
reduced activity of the penultimate enzyme PROTO
oxidase. Delta-aminolaevulinic acid synthase is the
rate controlling enzyme of haem biosynthesis and
under negative feedback control by haem. In the
acute porphyrias in which there are genetic deficiencies of individual enzymes in the pathway - for
example, PROTO oxidase in variegate porphyria,
there is a compensatory increase in ALA synthase
activity. In Gilbert's syndrome the increased ALA
synthase activity can be explained by the reduced
PROTO oxidase activity.
The biphasic effect of rifampicin on the unconjugated bilirubin concentration allowed the relationship of the abnormal haem biosynthesis and hyperbilirubinaemia to be examined. The initial rise in the
unconjugated bilirubin concentration on starting
rifampicin, which is most marked nine hours after
each dose, is because of competition for hepatic
uptake, and the subsequent normalisation of the
bilirubin level, and fall in the serum drug level,
because of the induction of this process.'617 The
reciprocal changes in PROTO oxidase activity
suggest that the enzyme is being inhibited by unconjugated bilirubin. The preliminary studies excluded
the possibility that the decreased PROTO oxidase
activity was artefactual because of bilirubin or rifampicin interfering with the measurement of its activity
and the increased ALA synthase activity confirms an
in vivo block in haem biosynthesis. The changes in
ALA synthase activity with rifampicin therapy are
also consistent with unconjugated bilirubin impeding
the rate of haem synthesis. The initial increase in
ALA synthase activity on rifampicin, however, may
also be explained by the haemoprotein inducing
effects of the drug.'8
Bilirubin IXai is structurally very similar to protoporphyrinogen, the normal substrate of PROTO
oxidase, and may be acting as a competitive inhibitor.
It has been shown in vitro to inhibit the enzyme
ferrochelatase which has protoporphyrin as its substrate.'9 Unfortunately, no purified preparations of
PROTO oxidase are currently available for satisfactory in vitro inhibitory studies. If hyperbilirubinaemia is responsible for the decreased PROTO
oxidase activity in Gilbert's syndrome, a significant
negative correlation of the two might have been
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expected. Two reasons may account for the absence
of this. Firstly, it is likely to be the unconjugated and
unbound fraction of bilirubin which will inhibit the
enzyme and currently there is no satisfactory assay
for accurately measuring this, and secondly there
may not be a direct linear correlation between the
concentration of bilirubin in the serum and its
concentration in the vicinity of the enzyme PROTO
oxidase which is sited on the inner mitochondrial
membrane.
If subjects with Gilbert's syndrome have an enzymatic defect similar to variegate porphyria they
might be expected to have increased porphyrin
excretion. This does not invariably follow, however,
as a proportion of patients with variegate porphyria
have normal porphyrin excretion when asymptomatic.20 The tissue in which the enzyme abnormalities
are present is also important. In the porphyrias, the
enzyme defect is thought to be present in all cells
though the porphyrin overproduction is mainly
hepatic in origin.2' In Gilbert's syndrome the enzyme
defect has been shown in peripheral leucocytes and
we have no information regarding haem biosynthesis
in the liver. If the impaired haem biosynthesis in
Gilbert's syndrome is the result of the unconjugated
hyperbilirubinaemia and Gilbert's syndrome is
because of impaired hepatic uptake of unconjugated
bilirubin, then intrahepatic haem biosynthesis would
be spared and there would be no increased porphyrin
excretion because of hepatic overproduction.
Abnormalities of porphyrin excretion do occur in
the Dubin-Johnson syndrome and Rotor's syndrome
in which the hereditary defects in hepatic bilirubin
handling involve hepatocellular excretion rather than
uptake or conjugation of the pigment,' I and also in
obstructive jaundice.24 In 1981, Evans et all reported
a patient with conjugated hyperbilirubinaemia
resembling that seen in Rotor's syndrome, who also
had unexplained increased faecal porphyrin excretion typical of variegate porphyria. Though some of
these porphyrin abnormalities associated with conjugated hyperbilirubinaemia can be explained by
impaired hepatic porphyrin excretion, abnormal
hepatic porphyrin synthesis caused by increased
hepatocellular bilirubin concentrations may also be
important.
This work was supported by a biomedical research
grant from the Scottish Home and Health Department.
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