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Gilbert's syndrome: evidence of
morphological heterogeneity
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SUMMARY Hepatic ultrastructure was examined by electron microscopy in 25 patients with Gilbert's
syndrome and the changes in the smooth endoplasmic reticulum quantified by grid technique.
Thirteen patients showed gross hypertrophy of the smooth endoplasmic reticulum (SER). These
were designated Gilbert's EM Positive. The remaining 12, designated Gilbert's EM Negative, did not
differ significantly from normal controls. The EM Positive group showed a significantly greater
percentage response to caloric restriction (p <0 01) and an exaggerated response to nicotinic acid
stimulation when compared with the EM Negative group and normal controls. These results suggest
that SER hypertrophy is not, as previously suggested, a constant feature of Gilbert's syndrome but
rather a characteristic of a distinct subpopulation.

Gilbert's syndrome is usually diagnosed when a
patient is found to have an isolated unconjugated
hyperbilirubinaemia in the absence of overt haemo-
lysis (Arias, 1962). However, as a raised bilirubin
alone can be a manifestation of more serious disease
(Levine and Klatskin, 1964), various tests have been
proposed in an attempt to provide a firm diagnosis
of Gilbert's syndrome. McGee et al. (1975) found
gross hypertrophy of the smooth endoplasmic
reticulum in all nine of their patients with Gilbert's
syndrome and suggested it to be of diagnostic value.
The present study assesses this feature in a larger
series and compares the results with two other
proposed diagnostic tests; the bilirubin response to
(1) caloric restriction (Owens and Sherlock, 1973;
Felsher and Carpio, 1975), and (2) to nicotinic acid
stimulation (Fromke and Miller, 1972; Davidson
et al., 1975). The red cell half life was also deter-
mined, using radioactive chromium labelling, in
view of the variable reports of shortened red cell
survival in Gilbert's syndrome (Foulk et al., 1959;
Powell et al., 1967; Berk et al., 1970).
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Methods

Twenty-five patients (age 14-52 years) with Gilbert's
syndrome were studied; 20 males and five females.
They were selected from consecutive patients who
presented to general medical outpatients with a
variety of non-specific symptoms and in whom the
only abnormality found on investigation was an
isolated, predominantly unconjugated, serum hyper-
bilirubinaemia (range 18 to 105 ,umol/l). All other
tests of liver function, and cholecystography in those
patients with vague abdominal symptoms, were
normal. Extensive haematological tests excluded all
common haemolytic diseases and the haemoglobin
was normal in all cases.
A percutaneous liver biopsy was performed in all

patients. A portion was immediately placed in ice
cold Karnovsky's fixative (glutaraldehyde and
cacodylate buffer) before processing for electron
microscopy by standard methods. The remainder of
the specimen was placed in formalin and processed
routinely for light microscopy. Electron micrographs
of several magnifications were prepared and exam-
ined by one of us (I.C.T.). The morphological
characteristics were noted and the smooth endo-
plastic reticulum was quantified by a modification
of the method of Loud (1962). A grid, consisting of
11 parallel lines, spaced 15 mm apart and measuring
18 x 22 cm, was prepared. The grid was laid on
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photomicrographs of 20 000 magnification taken
randomly from blocks representing several regions
of each biopsy. The number of intersections of the
grid lines with the membrane profiles of the smooth
endoplasmic reticulum was recorded as crossings per
photomicrograph. For each biopsy photomicro-
graphs from different areas of the hepatic lobule,
including periportal and centrilobular regions, were
thus examined, and the mean number of crossings
of all the photomicrographs from each biopsy were
recorded.
The percentage increment in serum bilirubin after

48 hours on a standard hospital diet of 400 calories

containing 11P5 g of fat was recorded for each
patient. In addition, the bilirubin was measured at
30 minute intervals for up to 12 hours after intra-
venous injection of 50 mg nicotinic acid and the
percentage increment at 180 minutes was calculated.
Red cell survival was determined by a standard
chromium51 red cell labelling technique (Dacie and
Lewis, 1975) and the half-life calculated in days.
Two patients with known haemolysis (hereditary

spherocytosis, mean serum bilirubin 66 [±mol/l and
G6PD deficiency, mean serum bilirubin 36 ,umol/l)
were also studied by the above techniques. As
controls, 12 healthy volunteers were subjected to

I

Fig 1. Electron nmicrographs of the hepatocytes from
two patients with Gilbert's syndrome. (a) From a
patient showing hypertrophy of the smooth endo-
plasmic reticulum. x 12 600. Numerous hypertrophied
vesicles of endoplasmic reticulum can be seen
throughout the cytoplasm (arrow). (b) From a patient
with normal appearances of the endoplasmic reticulum.
x 12 600. Much less smooth endoplasmic reticulum is
evident. (c) From the same patient as in (a). High
power views of cytoplasmic field showing hyper-
trophied smooth endoplasmic reticulum (arrow) x
30 000.
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caloric restriction and nicotinic acid stimulation.
Five control liver biopsies were obtained at negative
laporatomy for chronic abdominal pain in patients
shown subsequently to have no evidence of liver
dysfunction. These studies were approved by the
local ethics committees.

A. Calorie Restriction

100
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Results

MORPHOLOGY
Light microscopy of the liver biopsies showed no
abnormalities. Lipofuscin pigment was noted in five
biopsies. Electron microscopy, however, revealed
two definite populations (Fig. 1). In 13 there was
obvious gross hypertrophy of the smooth endo-
plasmic reticulum. These were designated Gilbert's
EM Positive. The remaining 12 did not show this
feature and were similar to normal controls. This
group was designated Gilbert's EM Negative. These
morphological differences were accompanied by
marked quantitative differences in the smooth
endoplasmic reticulum in the two groups (Fig. 2).
There was no overlap between the two groups and
the EM Positive group showed a significantly greater
(p <0001) mean number of crossings (325 ±15m
mean ±SEM) compared with the EM Negative
group (137 ±8), which did not differ from normal
controls (141 +14). There were no other consistent
abnormalities in either group. In particular, the
plasma membrane and microvilli, mitochrondria,
and Golgi apparatus were normal. Characteristic
ultrastructural appearances of lipofuscin granules
were seen in three of the EM Positive group and two
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B. Nicotinic Acid Stimulation
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Fig. 3 Mean percentage increment in bilirubin in
Gilbert's EM Positive and Gilbert's EM Negative
patients compared with normnal controls after (a) caloric
restriction and (b) nicotinic acid stimulation. 1 Gilbert's
EM Positive, a2 Gilbert's EM Negative, O Normal
controls.

of the EM Negative group. The two patients with
haemolysis had normal hepatic ultrastructure.

Gilberts Gilberts Normal
EM Pos. EM Neg. Controls

Fig. 2 Quantification of the smooth endoplasmic
reticulum by grid technique. Number of crossings per

field (mean for all photomicrographs from the different
areas of each biopsy) in patients with Gilbert's syndrome
and normal controls.

CALORIC RESTRICTION AND NICOTINIC
ACID STIMULATION
The two groups, defined morphologically, differed
in their response to caloric restriction (Fig. 3). In the
EM Positive group there was a significantly greater
(P <0-01) mean percentage increase in bilirubin
as compared with the normal controls. The mean
percentage increase in bilirubin in the EM Negative
group did not differ from normal controls. Overall,
the response to nicotinic acid did not differ signifi-
cantly in the Gilbert's patients when compared with
normal subjects. However, a greater response was
seen in the EM Positive group compared with EM
Negative group and normal controls, but this did
not reach statistical significance. The shape of the
plasma bilirubin curve in response to bilirubin was
variable but correlated best with the peak rise in
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bilirubin. Those patients with the greater percentage
increase in bilirubin showed later peaks and delayed
falls. The differences, as compared with the normal
controls, were greatest at 180 minutes. The patients
with haemolysis showed no appreciable rise in
bilirubin on caloric restriction (0%, 20%). After
nicotinic acid injection, the patients with sphero-
cytosis and G6PD deficiency showed 79% and 18%
increments in bilirubin at 180 minutes respectively.

BILIRUBIN AND RED CELL SURVIVAL
The two electron microscopic groups did not differ
in respect of age, sex, ethnic origin, clinical presenta-
tion, or mean basal serum bilirubin (Table). There
was no difference in mean red cell survival, which
was reduced in both groups compared with the 12
healthy control subjects. In the EM Positive group
four patients had red cell half lives below our
normally accepted lower limit of 27 days (20, 25,

Table Bilirubin and red cell survival in two groups

Bilirubin Red cell survival

(molll; mean ± SEM) (Days; mean±SEM) No.

EM Positive 34-3±3-3 27-0+1-3 13
EM Negative 40-2+7-7 26-0+1-4 12
Controls 10-5±1-3 30 5+1 0 12

25 5, 26'3 days). In the EM Negative group four
patients also had reduced red cell half lives (18,
21-5, 24, 25 days).

Discussion

This study correlates the hepatic ultrastructural
changes with response to caloric restriction and
nicotinic acid stimulation in a series of 25 patients
with Gilbert's syndrome. The patients were selected
from consecutive referrals to centres not known for
a special interest in liver disease and thus are

probably a truly representative sample of patients
with Gilbert's syndrome in the population as a

whole. Quite characteristic gross hypertrophy of the
smooth endoplasmic reticulum was seen in 13 of the
25 patients, in contrast with the 12 others who did
not differ from normal controls. This separation into
two groups was both obvious morphologically and
confirmed by the quantification technique. Thus
hypertrophy of the smooth endoplasmic reticulum
is not a distinct characteristic of Gilbert's syndrome,
as suggested by McGee et al. (1975), but is present
in a substantial subpopulation. That this is a distinct
rather than an artificial subpopulation is supported

by the clear separation of the two groups by the
quantification technique and the significantly greater
bilirubin response to caloric restriction, with exag-
gerated response to nicotinic acid stimulation, in the
EM Positive group. Furthermore, our results would
explain the previously varied reports of endoplasmic
reticulum abnormalities in Gilbert's syndrome in
ultrastructural studies, on smaller groups of patients.
Many authors found no abnormalities (Magnenat
and Paluello, 1967; Feldmann et al., 1968; Barth
et al., 1971), while others noted hypertrophy of the
smooth endoplasmic reticulum as an inconstant
feature (Novikoff and Essner, 1960; Simon and
Varonier, 1963; Schaff et al., 1969; Blueger et al.,
1977).
The reason for this hypertrophy and the differences

between our two groups is not obvious. Similar
hypertrophy of the smooth endoplasmic reticulum
has been reported in rats when fasted (Fawcett,
1955; Porter and Bruni, 1959). There were, however,
no differences in the nutritional status of our
patients at the time of biopsy. Smooth endoplasmic
reticulum hypertrophy also occurs in response to
alcohol (Rubin et al., 1968) and enzyme-inducing
drugs (Remmer and Merker, 1963). In this study we
excluded all patients with excessive alcohol intakes
and no patient had been receiving any therapy during
the month before biopsy. That the appearances
might, in a similar way, be induced by the bilirubin
load is unlikely, as both our groups had similar
mean red cell survivals and similar mean serum
bilirubin levels, and hypertrophy was absent in our
two patients with haemolytic disease. Hypertrophy
of the smooth endoplasmic reticulum has been
reported in Gunn rats (Novikoff and Essner, 1960)
and the Crigler Najjar syndrome (Gollan et al.,
1975). It is thus possible that the ultrastructural
appearances are in some way related to the under-
lying biochemical defect (glucuronyl transferase
deficiency), which is marked in these two situations.
If this were so, then we would have to postulate that
our two groups have different biochemical defects.
This is certainly possible. There have been reports of
subpopulations of patients with Gilbert's syndrome
who, in addition to abnormalities of bilirubin
metabolism, have abnormal handling of other
organic anions, bromsulphthalein (Berk et al., 1972)
and indocyanine green (Martin et al., 1976). Since
indocyanine green does not require conjugation,
this would require a second defect in addition to the
glucuronyl transferase defect demonstrated by Black
and Billing (1969). There have also been other
reports of the heterogeneity of Gilbert's syndrome on
the basis of bilirubin kinetic studies (Okolicsanyi
et al., 1978) and studies of the conjugating enzymes
(Auclair et al., 1976). It would thus be of interest to
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perform kinetic and enzyme studies on the two
ultrastructual subpopulations to assess if the various
subpopulations coincide, or whether they themselves
are heterogeneous.
At the outset of the current study we considered

that there might be some correlation between the
endoplasmic reticulum abnormalities and the pre-
viously reported (Foulk et al., 1959; Powell et al.,
1967; Berk et al., 1970) reduction in red cell survival
in some patients with Gilbert's syndrome, perhaps
reflecting a common membrane disorder. Our
results, however, show the same number of patients
in each group with diminished red cell half lives and
a similar mean red cell half life in both groups. The
overall numbers in our study with reduced red cell
half lives (32 %) was similar to those reported by
others. We conclude that the red cell disorder is an
inconstant association which is unrelated to any
hepatic ultrastructural features and which in itself is
insufficient to explain the raised bilirubin.
The results of the provocation tests also lead us

to question their diagnostic value in Gilbert's
syndrome. Unlike Davidson et al. (1975), we found
no significant differences from normal controls with
the nicotinic acid stimulation test, which we also
observed to cause unpleasant flushing in our patients
and control subjects. The caloric restriction test was
of value only if positive. Negative results occurred in
both patients and controls. Although these negative
responses conflict with previously reported series
(Owens et al., 1973; Felsher et al., 1975), a positive
response to caloric restriction has not been a
universal experience in Gilbert's syndrome. Davidson
et al. (1975) showed no significant rise overall in
bilirubin on caloric restriction, with only four out of
13 patients showing appreciable rises. Barrett (1971)
noted a rise in bilirubin in all his patients but this
rise did not differ from the control group. Further-
more, in two of the 12 patients reported by Owens
et al. there was no significant rise in bilirubin as
compared with controls. Our present results under-
line this heterogeneity of response but do not shed
further light on the mechanism. They do, however,
suggest that the bilirubin response to caloric
restriction is in some way associated with the
proportion of smooth endoplasmic reticulum in the
hepatocyte.
With the exception of the endoplasmic reticulum

changes we found no other morphological or ultra-
structural abnormalities in our patients with Gilbert's
syndrome. We found no evidence of the abnormalities
of the plasma membrane, microvilli, or mitochondria
reported by several other authors (Simon and
Varonier, 1963; Magnenat and Paluello, 1967;
Feldmann et al., 1968; Schaff et al., 1969; Blueger
et al., 1977).

We thank Professor F. Walker for his support and
encouragement and Mrs R. Greensted for preparing
the manuscript.
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