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Nicotinic acid test in the diagnosis of Gilbert's
syndrome: correlation with bilirubin clearance
W ROLLINGHOFF,* G PAUMGARTNER, AND R PREISIG

From the Department ofClinical Pharmacology, University ofBerne, Switzerland, and Department ofMedicine
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SUMMARY A provocation test with nicotinic acid (50 mg intravenously) was performed in 13
patients with Gilbert's syndrome and seven healthy volunteers to investigate the diagnostic value of
several test parameters and to correlate them with the bilirubin clearance. The maximal increment
of unconjugated serum bilirubin, the retention at four hours, and the area under the bilirubin
concentration time curve. (AUC) were measured. Significant differences between patients and
controls were found with regard to the AUC (7-95±SD, 3.29 mmol/min/l vs. 3.08+0 57; P<0 001),
the increment ofunconjugated bilirubin (24-1 ±7-1 gmol/l vs. 10.2±3.2; P<0.001) and the retention
(77-7±8-9% vs. 45-8±27 4%; P<0-02). Of those, the AUC discriminated best between patients
and controls. Five patients with Gilbert's syndrome had normal serum bilirubin concentrations
(<17-1 ,umol/l=1 mg %) at the time of the study, but abnormal AUC and bilirubin increment. A
significant correlation was found between the bilirubin clearance and the retention (r= -0-96;
P<0001) as well as the AUC (r= -0-82; P<0-05) but not with the bilirubin increment. This simple
test may be used to assess the disturbance of bilirubin clearance in Gilbert's syndrome.

Gilbert's syndrome is characterised by the exist-
ence of chronic low-grade unconjugated hyper-
bilirubinaemia in otherwise healthy persons. The
hyperbilirubinaemia in this condition is pre-
sumed to result from an abnormality in the hepatic
clearance of unconjugated bilirubin. Such an
abnormality has, in fact, been demonstrated by the
injection of isotopically labelled bilirubin.' Berk et
al.2 could show by multicompartmental analysis that
the reduced hepatic bilirubin clearance in Gilbert's
syndrome is the result of a defect in both hepatic
bilirubin uptake and conjugation. This interpretation
is compatible with the finding of reduced hepatic
bilirubin UDP-glucuronyltransferase activity in
patients with Gilbert's syndrome.3 The diagnosis is
usually restricted to patients in whom results of liver
function tests are normal and in whom there is no
evidence of overt haemolysis.

Fluctuations in serum bilirubin levels can make the
diagnosis difficult because bilirubin plasma concen-
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trations are frequently below the level which causes
clinical jaundice, and many cases presumably are
unrecognised. Therefore, Fromke and Miller4
suggested a provocation test with nicotinic acid in
patients with suspected Gilbert's syndrome. Mattei5
was the first to observe that nicotinic acid given
intravenously causes a rise of unconjugated serum
bilirubin. This phenomenon has also been studied in
patients with haemolytic and hepatic diseases as well
as in normal subjects.69 It has been suggested that
the nicotinic acid test is of diagnostic value in patients
with Gilbert's syndrome. 410-12

Recently, Ohkubo et al.'2 could show that the
increase of unconjugated serum bilirubin induced by
nicotinic acid is the result of complex mechanisms
which include increased erythrocyte fragility,
increased splenic heme-oxygenase activity, and
increased formation of bilirubin in the spleen.
Reduced hepatic clearance of bilirubin may be a
major determinant of the degree of unconjugated
hyperbilirubinaemia observed after injection of
nicotinic acid in patients with Gilbert's syndrome. As
the relationship between the nicotinic acid induced
rise in serum bilirubin and the disturbance of hepatic
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bilirubin clearance in patients with Gilbert's syn-
drome has not been studied, we decided to undertake
the present investigation.

Methods

SUBJECTS AND DIAGNOSTIC PROCEDURES
Thirteen patients (10 males, three females, age 20-58
years) with Gilbert's syndrome were studied. All
subjects were ambulatory. The diagnosis was based
on the following criteria: history of recurrent, light
jaundice; presence of unconjugated hyperbilirubin-
aemia, normal physical findings (except for episodes
of scleral icterus); normal results of routine liver
function tests and haematological investigations.
Seven healthy volunteers (five males, two females,
age 26-45 years) served as controls. Physical exam-
ination as well as the routine laboratory tests showed
no signs of liver disease or enhanced haemolysis.

In all patients a quantitative assessment of hepatic
function was performed. After a small breakfast con-
sisting of tea and toast, the galactose elimination
capacity (GEC) was measured by Tygstrup's
method.13 Thereafter, a single injection of brom-
sulphalein (BSP) (5 mg/kg body weight) was
administered to determine the initial plasma dis-
appearance rate constant (k1) and the BSP retention
(%/45 min). 14 The aminopyrine breath test was
carried out according to Bircher et al.`5 in order to
assess hepatic microsomal function.
Haematological disorders with haemolysis were

excluded by the following determinations: red blood
cell count, haemoglobin concentration, reticulocyte
count, blood smear, Coombs test, haemoglobin
electrophoresis, red blood cell enzymes and red
blood cell osmotic fragility. Red blood cell survival
was estimated by the `1Cr-technique. 6

ESTIMATED BILIRUBIN CLEARANCE
Hepatic bilirubin clearance was calculated as des-
cribed by Kutz et al. 7 In comparison with the direct
measurement of bilirubin clearance with '4C-bilirubin
(Berk et al.2) this indirect method is simple and
convenient. Besides erythrocyte half-life (RBC tl/2),
blood volume (BV), unconjugated serum bilirubin
(SB), and haemoglobin concentration (HB) were
measured. Under steady-state conditions bilirubin
excretion equals bilirubin production (BP) and bili-
rubin clearance (CIB) can be calculated according to
the following equation:

BP BVxHBx6-21x100C1B-=-SB SB xRBC tl/2

(6.21 mmol bilirubin derives from lg HB)

The results of this indirect method are in good agree-
ment with direct measurements of bilirubin clear-
ance. In 22 patients with Gilbert's syndrome Kutz et
al. 7 calculated a reduced hepatic bilirubin clearance
(15±SD 4 ml/min; normal 48±19) as compared with
16±5 ml/min in 11 patients (normal 47+10) studied
by Berk et al.2

NICOTINIC ACID TEST
In accordance with Matteil 50 mg nicotinic acid
(Niconacid, Wander, Switzerland (nicotinic acid-
sodium, 100 mg/ml)) were injected intravenously
within 30 seconds and blood samples for determina-
tion of total and unconjugated bilirubin were taken at
0, 30, 60, 90, 120, 180, and 240 minutes. All blood
samples were cooled and stored in the dark until the
end of the test. Measurements of serum bilirubin
were made on the same day.

In patients and controls the test was carried out in
the morning after an overnight fast. All subjects
described an internal feeling of warmth and burning
sensation; these symptoms and the flush disappeared
within five to 10 minutes after injection. Some sub-
jects mentioned a transitory metallic taste. No other
undesirable effects of nicotinic acid were observed.
The following parameters were derived from the

unconjugated bilirubin concentration time curve:
1. The maximal increment of unconjugated bili-

rubin (peak value minus pre-injection value).
2. The rise of serum unconjugated bilirubin at 240

minutes after nicotinic acid injection expressed as
percentage of maximal serum bilirubin increase. This
value, for brevity, will be called bilirubin retention
(R); it was calculated according to the following
equation:

C240-CoR= .XlOO(%
Cpeak-Co

3. The area under the unconjugated bilirubin
concentration time curve (AUC) 0 to four hours after
nicotinic acid injection, calculated according to the
trapezoidal method.

ANALYTICAL PROCEDURES
Total and conjugated serum bilirubin concentrations
were determined by the method of Michaelsson et
al. 18; normal values for total bilirubin are less than
17-1 ,umol/l (1 mg %). ` Galactose concentrations in
plasma and urine were measured by a galactose
oxidase method.20 Plasma BSP concentrations were
determined with a Unicam spectrophotometer
(Unicam Instruments, Cambridge, England) at 580
nm, after dilution with phosphate buffer and alkalin-
isation with 20% KOH, using appropriate blanks.2'
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Table 1 Serum bilirubin, liverfunction tests, and estimated bilirubin clearance in patients with Gilbert's syndrome

Patient Age, sex Serum bilirubin BSP BSP GEC DAP- Estimated
(yr) (qmol/l) K, retention (mmol/minlkg) Kb (%/h) bilirubin clearance

(%/min) (%j45min) (mil/min)
Total Unconj.

1 LW 23M 14-2 11-3 12-0 0 4-5 - 18-9
2 BS 29 F 15-0 14-7 12-6 3 9 3-7 20-8 24-8
3BA 32 M 15-4 12-6 12-6 1-5 3-7 28-6 19-6
4MF 26M 16-2 12-6 11-5 2-0 3.5 - 11-4
5KA 28M 17-1 12-1 - - 3-7 - -
6 PA 58 F 20.5 17-9 13-1 4.0 3-7 22-1 -
7 LP 28M 21-7 18-5 10-2 2.5 3-6 17-4 -
8ZSt I 45F 28-9 24-6 9'8 1-9 3 9 27.5 -
9 GG 31 M 29-9 25.6 10-3 2'3 - - -
10 FD 32 M 30-8 30 6 9-6 2-6 - 240 12-2
11 GU 20M 34.9 27.5 - - - 23-8 -
12 MR 22 M 43-3 37-6 12-1 3'5 3-2 - -
13 ML 32M 65.7 53.9 10-7 1-6 3.9 26-0 9.7
Normal values 8-7+2-7 6-3+1-7 12-22'0* 0-S5t 4'2+0'5* 22.4±3'3§ 48+199
(±+S.D.)
BSP-K,: initial plasma BSP-disappearance rate.
GEC: galactose elimination capacity.
DAP-Kb: disappearance rate constant of '4C-aminopyrine breath test.
* Bircher et al.`

t Normal range
t Hen M`
§ Bircher et al.'-'
+ Kutz et al. 11

STATISTICAL ANALYSIS

Student's t test was used for group comparison.
Differences with P<0-05 were considered to be
statistically significant. Unless stated otherwise, the
results are given as means±standard deviation.

Results

SERUM BILIRUBIN, LIVER FUNCTION, AND

ERYTHROCYTE HALF-LIFE

Total fasting serum bilirubin concentrations ranged
from 14-2-65.7 ,mol/l (27-2+14-7) in patients and
from 4.6-135 gmol/l (8&7±2.7) in controls (Table
1). The initial plasma BSP-disappearance rate (K,)
ranged from 9-6-13-1%/min, thus being normal in all
patients studied. Similarly, results of BSP retention
(range 0-4%/45 min), the disappearance rate
constant (Kb) of aminopyrine breath test (range
17-4-28-6%/h) and GEC (range 3-2-4 5 mmol/
min/kg) were within normal limits (Table 1).
There were no signs of overt haemolysis. The half-life
of 5tCr-labelled red cells was normal, except in two
where it was slightly reduced (range 21 to 29 days).

EFFECTS OF NICOTINIC ACID ON SERUM BILIRUBIN

The nicotinic acid injection caused a rise of uncon-

jugated bilirubin in p'atients as well as in controls (Fig.
1). In the 13 patients with Gilbert's syndrome the
unconjugated bilirubin increased from an initial value
of 23-1+12-3 ,umol/l to a peak value of 47-2±14-5
,umol/l at 120 minutes. In contrast, controls showed a

peak of 16'5+2-9 ,umol/l at 90 minutes (pre-injection
value 6-3±+ 1'7 ,umol/l). The increment of 24-1±+7-1
,umol/l was significantly greater than that of 10-2+3-2

,mol/l obtained in seven healthy subjects (P<O001,
Fig. 2).

In patients with Gilbert's syndrome a significant
amount of unconjugated bilirubin (39.7±15.6
,umol/l) remained in the serum four hours after nico-
tinic acid injection (77-7±8-9% retention) as
compared with controls (11i1+3-3 ,umol/1;
45.8±27 4% retention; P<0O02). As shown in Fig. 2
the AUC was significantly greater in patients with
Gilbert's syndrome (7-95+3-29 mmol/min/l) than in
controls (3.08+0 57 mmol/min/l; P<0001).

In five patients with Gilbert's syndrome initial total
serum bilirubin concentrations at the time of investi-
gation were normal-that is, less than 17-1 ,mol/l.
After nicotinic acid injection, however, a positive test
result was found in all patients (Table 2). The AUC in
Gilbert's patients with normal and with raised bili-
rubin levels was significantly greater (6.37+ 1)09
mmol/min/l; P<0'001, and 8-94±3-87; P<0-01
respectively) than in controls (3.08+±O57).
When comparing the increments of unconjugated

serum bilirubin between patients with Gilbert's
syndrome and controls (10.2±3.2 ,mol/l) significant
differences were found not only for patients with
raised bilirubin levels (23-4±6-8 ,mol/l; P<0001),
but also for those with normal bilirubin levels
(254-±8-1; P<0-02; Table 2).

CORRELATION OF NICOTINIC ACID TEST
PARAMETERS WITH BILIRUBIN CLEARANCE
In six patients with Gilbert's syndrome the nicotinic
acid test parameters were correlated with the bili-
rubin clearance. As shown in Fig. 3 a significant cor-
relation between the bilirubin clearance and the
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Serum Bilirubin
total
unconj.---
,umol l-1

Fig. 1 Serum total and
unconjugated bilirubin after giving
nicotinic acid to 13 patients with
Gilbert's syndrome (0) and seven
controls (A). Figures are
means±standard deviations.
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retention (r= -0 96; P<O 001) as well as the AUC
(r= -0-82; P<0 05) was found. The correlation of the
bilirubin clearance with the maximal increment
(r= -0.44) was not significant.

Discussion

The aim of the present study was to assess the diag-
nostic value of the nicotinic acid test in Gilbert's
syndrome and to investigate if there exists a correla-
tion between parameters of this test and the reduced

Table 2 Area under bilirubin concentration time curve
(AUC) and increment ofserum unconjugated bilirubin after
giving nicotinic acid to controls and to patients with Gilbert's
syndrome, having normal or raised fasting total bilirubin
levels

Fasting serum Controls Gilbert's syndrome
bilirubin:

Nonnal Normal Raised
(<17)1 ,umol/l) (<171 pwol/l) (>171 p.mol/l)

2-72 5-10 3.95
2-74 5.88 5-81

AUC 2 89 6-36 6.53
2-91 6.45 7-93

(mmol/min/1) 2-92 8-07 9-90
3-06 10 24
4-34 10-62

16-54
x+SD 3.08+0.57 6-37+1-09 8-94+3-87

(n=7) (n=5; P<0 001) (n=8; r<0-01)
6-8 17-1 12-5

Max. increment of 6-8 20-2 15-2
unconj. bilirubin 8-2 21-0 21-7
(,umol/1) 10-1 31-S 23-1

11-1 35-9 25-5
13-0 27-5
15-4 30.9

31-1
x+SD 10-2+3-2 25-1±8-1 23-4±6-8

(n=7) (n=5; P<0-02) (n=8; r<0-001)

hepatic bilirubin clearance characteristic of this
condition.
For this purpose 13 patients were studied who met

the generally accepted criteria of Gilbert's
syndrome24-that is, recurrent unconjugated
hyperbilirubinaemia with normal liver function tests
and absence of overt haemolysis. They were com-
pared with seven healthy controls.

In both groups nicotinic acid injection resulted in a
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Fig. 2 Comparison ofincrementofunconjugated bilirubin,
retention atfour hours, and area under the bilirubin
concentration time curve (AUC) in Gilbert's syndrome (c)
and controls (A). Horizontal bars are means±standard
deviations.
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Retention 4 Hours AUC
0/* mro[min 1-

90 15

r =-0.96 r=-0.82
70- 10 *

so-~~~~~~~~~~
0 10 20 0 10 20

Bilirubin Clearance m / min

Fig. 3 Correlation between the estimated bilirubin
clearance (without treatment) and (1) the bilirubin retention
atfour hours,. and (2) the area under the bilirubin
concentration time curve (A UC), in six patients with
Gilbert's syndrome after nicotinic acid injection.

rise of unconjugated serum bilirubin; the concentra-
tion-time curves, however, were quite different from
each other. Compared with controls, patients with
Gilbert's syndrome showed a steeper increment, a
higher and later peak, and a significant delay in the
clearance of unconjugated bilirubin at the end of the
test. This agrees well with results of recent
studies.4"'12 Thus, the pre-injection values and the
increments in bilirubin concentrations observed in
this study are comparable with those found by
Fromke4 and Ohkubo. 12 The retention values,
however, are not comparable because, in the present
study, the test was performed during a period of four
hours, as compared with an observation period of five
hours used by the other authors.

Besides the maximal increment and the retention
of unconjugated bilirubin, the AUC was introduced
as a new test parameter. Significant differences
between patients and controls were found with regard
to each of these parameters (Fig. 2). Of those, the
AUC discriminated best between patients with
Gilbert's syndrome and controls.

In agreement with Ohkubo'2 we found that an
increase of unconjugated serum bilirubin of more
than 17-1 ,umol/l in this test is highly suspicious of
Gilbert's syndrome.
Another aim of this study was to see what relation-

ship exists between parameters of this test and the
reduced hepatic bilirubin clearance characteristic of
Gilbert's syndrome. As shown in Fig. 3 the bilirubin
clearance correlated significantly with both the
retention and the AUC. Therefore, the characteristic
bilirubin concentration time curve after nicotinic acid
injection in patients with Gilbert's syndrome may be
regarded as a result of the reduced hepatic bilirubin
clearance.

In the present study in five of 13 patients with
Gilbert's syndrome (39 0%) the initial bilirubin levels
were normal. After nicotinic acid injection, however,
a positive response was found not only in subjects
with raised bilirubin levels, but also in those whose
initial bilirubin concentrations were normal (Table
2). These results are similar to those of Davidson et
al., ' who compared the nicotinic acid test with the low
calorie intake test (400 calories for 48 hours). In
patients with Gilbert's syndrome these authors found
a significant increase of total and unconjugated bili-
rubin only in the nicotinic acid test but not in the low
calorie test. Furthermore, in two patients initial bili-
rubin levels were normal but increased significantly
after nicotinic acid.
The provocation with nicotinic acid, therefore,

should prove valuable as an additional test in patients
with suspected Gilbert's syndrome, especially in
those whose bilirubin level at the time of investigation
has fallen to normal.
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