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Clinical value of bile salt tests in anicteric liver disease
J G DOUGLAS,* G J BECKETT, I A NIMMO, N D C FINLAYSON,
AND I W PERCY-ROBB

From the Gastrointestinal and Liver Service, and Clinical Chemistry Department,
Royal Infirmary, Edinburgh

SUMMARY Fasting and postprandial serum bile salt concentrations and intravenous glycocholate
disappearance were studied in 20 patients with anicteric liver disease who had only minor abnor-
malities of conventional liver function tests. Abnormalities in the fasting or two hour postprandial
conjugated cholate concentrations were found in all but one of the patients who had an abnormality
in bilirubin concentration. In these patients, fasting and postprandial conjugated cholate concentra-
tions were raised on average three and two times respectively above the upper limit of the reference
range, while bilirubin concentration was raised only 50%. Postprandial conjugated cholate con-

centrations were also abnormal in two patients with normal bilirubin concentrations. Measurement
of fasting and postprandial conjugated chenodeoxycholate concentration and intravenous glyco-
cholate disappearance proved less informative than the fasting and postprandial conjugated cholate
test. These results suggest that, where bilirubin concentrations are normal or only slightly raised,
measurement of serum fasting and two hour postprandial conjugated cholate concentrations may

prove helpful in the detection of minor abnormalities in hepatic anion transport.

The difficulties of detecting early or quiescent liver
disease are well known. Clinical examination may
suggest that liver disease is present and lead to the
performance of a group of liver function tests in-
cluding the measurement of total bilirubin concen-
tration in plasma. When prehepatic causes of hyper-
bilirubinaemia have been excluded, plasma bilirubin
concentration is taken as an index of the ability of
the liver cell to transport bilirubin from the plasma
into the bile. Bilirubin concentrations in the healthy
population show a distribution which is log-
Gaussian,1 and a combination of this marked
skewness towards raised concentrations together
with the high prevalence of Gilbert's syndrome,2 in
which the plasma bilirubin concentration is increased
often leads to difficulty in interpreting the significance
of slightly raised bilirubin concentrations. Brom-
sulphthalein sodium (BSP) clearance, in the absence
of impaired hepatic blood flow, extrahepatic obstruc-
tion, or fever, provides an alternative index of
hepatic anion transport function and is apparently
specific for the liver. BSP clearance is usually
assessed as the concentration of BSP in plasma 45
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minutes after the initial injection; this, too, has a
log-Gaussian distribution in hospital patients used
as controls.3 Hypersensitivity reactions, which have
occasionally been fatal,'6 may be produced by BSP.
There is, therefore, a need for a test of hepatic anion
transport function which is safe, and specific and
sensitive in the detection of early or quiescent liver
disease.
The liver normally clears 20 g of bile salt from the

blood each day' 7 and it has been suggested that bile
salt measurements might prove to be sensitive
indices of liver function. Studies, based on the
disappearance of intravenous glycocholate have
produced conflicting results and this may be due to
the different amounts of bile salt used in these
studies. The use of a 5 ,umol/kg bodyweight dose of
sodium glycocholate has been reported to produce
excellent differentiation of patients with liver disease
from controls.8 In contrast, clear differentiation has
not been achieved using tracer doses of bile salt."
Certainly, the pattern of disappearance of intravenous
glucose is heavily dependent on the mass of glucose
injected.10 There is also doubt about the value of
single measurements of total serum bile salt concen-
tration under fasting and postprandial condi-
tions."1-13
We present a comparison of measurements of
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fasting and postprandial serum bile salt concentra-
tions and the disappearance of a bolus of sodium
glycocholate from the blood in a consecutive series
of 20 patients with liver disease of varying severity in
whom plasma bilirubin concentrations and liver
enzyme activities were minimally abnormal.

Methods

SUBJECTS

Consent was obtained from each subject and the
study was approved by the Physicians Advisory
Ethical Committee of the Royal Infirmary, Edin-
burgh, in December 1977. Subjects taking drugs
known to induce hepatic microsomal enzyme
systems or to affect hepatic blood flow or taking bile
salt sequestering agents were excluded from the
study. No subjects had been subjected to chole-
cystectomy.

CONTROLS
A group of 20 controls (mean age 46-2 years; range
13-75 years) were studied. Six were healthy volun-

teers (four male, two female) and 14 were patients
(seven males, seven females) whose illnesses did not
involve the liver, biliary tract, or small intestine.
Another three patients had only the fasting bile salt
concentrations and intravenous glycocholate study.
All controls had normal values for plasma total
bilirubin concentration, hepatic enzyme activities,
plasma albumin concentration, and prothrombin
time ratio. None had liver disease previously and
none admitted to a regular daily alcohol intake
greater than 50 g-that is, 3 pints of beer or four
measures of spirit/day-in the previous 10 years.

PATIENTS
Twenty consecutive patients (mean age 51-5 years)
in whom liver disease was suspected first on clinical
grounds and later proved by a liver biopsy, were
studied (Table 1). There were 17 men and three
women.

PROCEDURES
Controls and patients were fasted for 16 hours before
the test and 30 ml blood was taken from an ante-

Table 1 Clinical features and histological diagnoses in the 20 patients with liver disease

Patient Age Alcohol Stigmata Hepato- Spleno- Ascites Enceph- Histology Diagnosis
(yr) abuse of megaly megaly alopathy

chronic
liver
disease

DM 47 + + + + - - Fatty change. Fibrosis of portal triads. Alcoholic and antitrypsin
PAS positive inclusions deficiency cirrhosis

JW 32 + - + - - - Minimal fatty change. Spotty necrosis. Alcoholic hepatitis
Hyaline sclerosis

JM 65 + - + - - - Fatty change. Spotty necrosis. Alcoholic hepatitis
Mallory's hyaline

DL 48 - - + - - - Mixed inflammatory infiltrate in portal Nonspecific reactive hepatitis
triads

AM 48 + - + - - - Fatty change. Spotty necrosis Alcoholic hepatitis
PS 48 - - + + - - Fibrosis. Regenerative nodules. a, antitrypsin deficiency

PAS positive inclusions cirrhosis
WR 63 + + + + - Fatty change. Spotty necrosis. Fibrosis Alcoholic cirrhosis

Regenerative nodules
JR 46 + + + - - - Fatty change. Spotty necrosis. Fibrosis. Alcoholic cirrhosis

Regenerative nodules
SR 67 + - + + - - Spotty necrosis. Increased reticulin Chronic aggressive hepatitis
NW 56 + - - Fatty change. Spotty necrosis Alcoholic hepatitis
WM 59 + + + - - - Fatty change. Spotty necrosis. Fibrosis. Alcoholic cirrhosis

Regenerative nodules
MF 56 + + - - - - Fatty change. Iron deposition. Portal Alcoholic haemosiderosis

fibrosis
JF 52 + T - - - Fatty change. No fibrosis Mild alcoholic liver disease
TD 59 - - + - - - Portal fibrosis. Iron deposition Haemochromatosis
DB 50 + + + - - Fatty change. Marked spotty necrosis. Alcoholic cirrhosis

Fibrosis
WA 51 + + + - - - Fatty change. Spotty necrosis. Cirrhosis Active alcoholic cirrhosis
IB 28 + + + + - Mild fatty change and spotty necrosis. Alcoholic hepatitis

No fibrosis
PL 52 + + + - - Fatty change. Spotty necrosis. Fibrosis. Alcoholic cirrhosis

Regenerative nodules
JB 50 + - - - - - Fatty change. Spotty necrosis. Fibrosis Alcoholic hepatitis
AS 58 - + - - Marked fibrosis. Iron deposition. Cirrhosis with haemosiderosis

Regenerative nodules

+: present; - absent.
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cubital vein for serum fasting bile salt concentration
and for plasma bilirubin and albumin concentrations,
activities of alanine aminotransferase (ALT, EC
2.6.1.2.), aspartate aminotransferase (AST, EC
2.6.1.1.), alkaline phosphatase (ALP, EC 3.1.3.1.),
and gamma-glutamyl transferase (GGT, EC 2.3.2.2.)
and for prothrombin time ratio.
The intravenous glycocholate test was performed

as previously described.14 Sodium glycocholate
(5 ,fmol/kg bodyweight) was injected and blood
(2 ml) was taken from the opposite arm after 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 12, 15, 30, 45, and 60 minutes for
serum conjugated cholate analysis. This dose of
sodium glycocholate has been previously shown to
provide a good index of liver abnormality without
significant haemolysis or other side effects.8

Ninety minutes after the glycocholate injection, a

(Plasma)

k21
-k12

Pol
(Liver)

R1o
Fig. 1 Compartmental model of bile salt uptake by
liver from serum. Values of R,0 are taken to represent
the inpuit of bile salt from the small intestine in the
fasting state. K02 represents the secretion of bile salt into
bile and K21 and K12 represent the bidirection flux of bile
salts between liver and blood.

sample of blood was taken for bile salt analysis. A
standard fat-containing meal consisting of 120 ml
fresh fruit yoghurt mixed with an equal volume of
fresh cream was eaten and blood for bile salt
analysis was taken at 15 minute intervals for three
hours.

BILE SALT ANALYSIS

Conjugated cholate and chenodeoxycholate were
assayed by radioimmunoassay using 1251-labelled
histamine ligands.l5 16 The between-batch precision
of the radioimmunoassays for conjugated cholate
and chenodeoxycholate were 8% and 10% respec-
tively with lower limits of detection of 3.7 pmol and
1.0 pmol respectively.

COMPARTMENTAL ANALYSIS OF
INTRAVENOUS GLYCOCHOLATE DATA
The results of the disappearance of injected glyco-
cholate were subjected to compartmental analysis.14
Graphic analysis of the data showed that the serum
conjugated cholate concentration fell to the fasting
value in a biexponential manner. Assuming that all
fluxes of glycocholate conform with first order
kinetics, values of the rate constants describing the
exchange of glycocholate between plasma and liver
(K12 and K21) and between liver and bile (K02) were
calculated using a two compartmental model
system (Fig. 1).

LIVER FUNCTION TESTS
The bilirubin and albumin concentrations and the
activities of ALT, AST, and ALP in plasma were

Table 2 Liver function tests in 20 patients with anicteric liver disease

Sex Bilirubin ALT
(smol/l) (U/I)
2-17 10-40

M

M

M

M

M

M

M

M

M

F
M

F
M

M

M

M

M

M

M

F

21*
13
21*
16
13
27*
30*
30*
13
11
26*
25*
11
11
17
29*
16
9
12
24*

10
46*
25
22
46*
34
27
39
13
11
16
26
21
10
36
45*
46*
31
34
22

AST
(U/i)
10-35

42*
35
27
22
31
45*
56*
50*
38*
22
23
31
27
17
40*
74*
31
31
35
27

ALP Albumin Prothrombin GGT U/l
(U/i) (g/l) time ratio (0.35 F)
40-100 36-47 1-0-1-4 (0.55 M)

94 36 1.4 46
64 43 1.4 30

1621 4 1 1*2 68*
116* 45 1.2 69*
71 45 1-0 55
120* 38 1.4 58*
116* 31* 1.3 38
1281 40 1.3 106*
137b 46 1-3 30
132b 40 1-4 33
55 42 1.2 104*
116* 44 1.2 63*
47 45 1-3 38
99 43 1.3 22
72 5 1 1*2 103*
66 47 1i2 89*
54 45 1-2 32
68 53 1.4 82*
67 53 1-3 30
95 43 1-4 54*

Reference ranges are given in parentheses.
*Abnormal result.
I and b denote alkaline phosphatase of intestinal or bone origin respectively.
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measured using a Sequential Multiple Analysis with
Computer (SMAC) system (Technicon Instruments
Corporation, Basingstoke, UK). GGT activity was
measured using gamma glutamyl-p-nitroanilide as
substrate. Electrophoresis of serum ALP was per-
formed on all patients with a total ALP activity of
greater than 100 U/l using 70% and 250% poly-
acrylamide gel slabs."

Results

LIVER FUNCTION TESTS

The results of the liver function tests on the patients
with liver disease are shown in Table 2. The total
bilirubin concentration was above the upper refer-
ence value in nine patients. The highest concentra-
tion was 30 [,mol/l. The ALT activity was slightly
raised in four patients, the AST activity in seven,

and ALP of liver origin was raised in another four.
The albumin concentration was low in one patient
who had ascites and hepatic encephalopathy. The
prothrombin time ratio was normal in all cases.
Increased GGT activity was found in 10 patients of
whom seven had alcoholic liver disease.

BILE SALT MEASUREMENTS

The results of the various bile salt measurements
performed on the 20 patients with liver disease are

shown in Table 3.

Fasting conjugated cholate and chenodeoxycholate
concentrations
The reference ranges for fasting conjugated cholate
and chenodeoxycholate in serum from the controls
were 0-2-2-9 ,umol/l and 0-2-3-2 s.mol/l respectively.
These values did not correlate with the age or sex of
the patients.

Eight of the patients with liver disease had fasting
bile salt concentrations above the upper limit of
these ranges, two had raised cholate, five had
increased chenodeoxycholate and cholate, and one

had an increased chenodeoxycholate only. In these
patients, the cholate and chenodeoxycholate concen-
trations were increased on average by 3170% and
166% above the upper limit of their respective
reference ranges. All these patients also had raised
total bilirubin concentrations in plasma; one patient
with raised bilirubin concentration had normal bile
salt values.

Ihitravenous glycocholate test
In each of the controls, the serum conjugated
cholate concentration fell to the fasting value in a

biexponential manner. From this decay curve, the
computer derived slopes for the biexponential curve

and the rate constants for the model were obtained.
Individual values for these parameters in 20 of the
controls have been published.'4 Ten minutes after
glycocholate injection, the concentration of con-

jugated cholate was above the upper limit of the

Table 3 Bile salt results in 20 patients with anicteric liver disease

Patients Fasting

Cholate Cheno-
(pmol/l) deoxy
(022-29) cholate

(lsmol/l)
(02-32)

DM

JM

DL
AM
PS
WR
JR
SR
NW
WM

MF
JF
TD
DB
WA
IB
PL
JB
AS

16.9*
14
1.0
09
1-3

21.9*
241*
4.7*
1*4
I 8
3.3*
98*
0.7
2-9
2-0
4.0*
1*1
1-2
0-6
09

168*
17
6 5*
04
0-6
6.4*
9.6*
3-2
0-2
0-2
30
3.8*
04
1*2
1*7
7.9*
09
20
0-8
0-6

IV data

Glycocholate

10 min 60 min 60/10 min
(smol/l) (gmol/l) ratio
(6.3-24.3) (0-4.4) (0-01-24)

37.0*
16-0
38.8*
7-8

16-3
66.0*
97.0*
65.0*
11-2
12-2
204
29.0*
144
10-9
5.7

22-6
3.4
5-1
9.7

25.1*

17.8*
1*8

10.0*

2-1
2-9

27.5*
24.0*
13.1*
2-1
1-8
6.0*
9.7 *

1 *8
2-6
1*8
2-0
09
1-3
1 *8
3.4

0.48*
0-11
0.26*
0.27*
0-18
0.42*
0.25*
0-20
0-19
0-15
0.29*
0.33*
0-13
0.24*
0.32*
009
0.28*
0.26*
0.19
0.13

Postprandial

2 hours Maximum

Cholate Cheno- Cholate Cheno-
(1£mol/l) deoxy (p.mol/l) deoxy
(1-1-83) cholate (1-8-11-8) cholate

(10-mo13) (13mol1l)
(1-0-13-5) (1-3-14-8)

46.4*
3.4

28.2*
4.3
0.8

69.5*
11.1*

25.7*
5.9
2-2

13.1*
18.9*
1-4
3-8

15.4*
17.1*
1*2
5.3
1 .0*

3.7

47.1*
6 9

39.7*
1*3
1I1

41.7*
64.9*
18.4*
18.0*
2-8
8-0
4-2
2-1
3.0

14.3*
22.0*
4.4
7.0
7-8
5.0

56.3*
5.5

28.2*
5.4
1*5

102.0*
11-1
31.4*
16.3*
3.2

25.5*
34.2*
2-1
5.4
19.1*

24.0*
2.8
8-2

24.4*
6-8

52.1*
8.6
49.3*
3.2
17

62.2*
103.0*
23.1*
60.0*
4.5
11-6
6-6
2.3
3.4

22.2*
22.0*
4-8

10.5
16.8*
11-2

Cholate/chenodeoxy-
cholate ratio

Max.
Fasting post-
(0.7-2 2) prandial

(0.6-2 9)

1*0
0.8
0.2
2.3*
2-2
3.4*
2.5*
1.5
7.0*
9.0*

1*1
2.6*
1-8
2.4*
1*2
0.5
1 *2
0.6
0.8
1-5

1-1
0.6
0.6
1*7
09
1 *6
0 1
1.4
03
0.7
2-2
5.2*
09
1-6
09
1*1
0-6
0-8
1*5
0-6

Reference ranges are given in parentheses.
*Denotes abnormal result.
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reference range in seven patients, six of whom also
had abnormal conjugated cholate concentrations
after 60 minutes. One patient had an abnormal con-
centration after 60 minutes accompanied by a normal
value after 10 minutes. The ratio of the 60 and 10
minute values was abnormal in 11 patients, of whom
six also had abnormal 10 and 60 minute values. On
average, the abnormal values after 10 minutes and
60 minutes were increased above their reference
ranges by 110% and 251 % respectively.
The rate constant K21, which describes the uptake

of bile salt from plasma to liver, was abnormal in
two patients (MW: 0.47; IB: 0.78; reference range
0.17-0.46). The rate constant K02, which describes
bile salt secretion into bile, was normal in all of the
patients. The rate constant K12, which describes
reflux of bile salt into plasma, was high in five
patients (JW: 0.06; PS: 0.06; WR 0.11; JR: 0.22;
IB: 0.11; reference range 0-0-05). JW had normal
conjugated cholate concentrations 10 minutes and
60 minutes after glycocholate injection and normal
fasting bile salt concentrations.

Postprandial bile salt concentrations
The maximum postprandial concentrations of con-

jugated cholate and of conjugated chenodeoxycho-
late in the controls was 1 8-11 8 ,umol/l and 2.3-
14.8 ,umol/l respectively. There was no significant
relation between these values and the age and sex of
the controls.
The maximum postprandial conjugated cholate

concentrations were above the upper end of the
reference range in 10 patients; six also had abnormal
fasting conjugated cholate values. The maximum
postprandial conjugated chenodeoxycholate concen-
trations were raised in nine patients; five of these had
raised fasting conjugated chenodeoxycholate values.
Two patients had abnormal maximum cholate con-
centrations which were not accompanied by
abnormal conjugated chenodeoxycholate values. A
total of 11 patients, therefore, had abnormalities of
the maximum postprandial bile salt concentration.
The postprandial sample taken at two hours

revealed 10 patients with cholate concentrations and
eight with chenodeoxycholate concentrations above
those found in the controls. Of the 10 patients who
had abnormal maximum postprandial conjugated
cholate concentrations, all but one had abnormal
levels at two hours.

RELATIONSHIP BETWEEN SERUM BILE SALT AND

PLASMA BILIRUBIN CONCENTRATIONS AND

APPEARANCES ON LIVER BIOPSY
Details of the appearances found on the liver biopsies
are shown in Table 1. Ten patients had cirrhosis

(fibrosis and regenerative nodules); in eight this was
related to chronic alcohol abuse. Another six
patients had alcoholic hepatitis and one each had a
reactive hepatitis of unknown aetiology, chronic
aggressive hepatitis, alcoholic fatty change, and
alcoholic haemosiderosis. The plasma bilirubin con-
centration was raised in seven of the 10 patients with
cirrhosis, but in only one of the six patients with
alcoholic hepatitis. The fasting conjugated cholate
concentration was raised in six of the cirrhotics but
in none of those with alcoholic hepatitis. Similarly,
the fasting conjugated chenodeoxycholate concen-
tration was raised in four cirrhotics but in only one
of the six patients with alcoholic hepatitis who also
had a raised plasma bilirubin concentration. Both
the intravenous glycocholate and postprandial test
produced a higher proportion of abnormal results in
those patients with cirrhosis than in those who had
alcoholic hepatitis.
The cholate/chenodeoxycholate ratios for the 20

patients are shown in Table 3. There was no signifi-
cant difference in either the fasting or maximum
postprandial cholate/chenodeoxycholate ratios be-
tween the 10 patients with cirrhosis and the six with
alcoholic hepatitis.

Discussion

We have shown that abnormalities of bile salt
metabolism can be detected in patients with liver
disease who are anicteric and who have little bio-
chemical evidence of hepatic dysfunction as judged
by tests which are currently in wide use. Bile salt
concentrations in serum from healthy individuals
reflect mainly intestinal absorption of bile salts18 19
and even in the postprandial state the rate of return
of bile salts to the liver is insufficient to saturate
hepatic uptake.20 21 In liver disease, however,
increased serum bile salt concentrations are con-
sidered to reflect a failure of anion transport across
the liver" and, as such, should be compared with
plasma total bilirubin concentrations, which are also
generally regarded as indices of hepatic anion
transport.
We have selected for study a series of 20 patients

who presented consecutively with features suggesting
liver disease; all patients who presented with
jaundice were excluded from the study. Nine of the
patients who we studied had a raised plasma total
bilirubin concentration but the abnormalities were
all sufficiently small for a clinician to doubt their
significance. In contrast, fasting or postprandial
conjugated cholate concentrations were clearly
raised in 11 patients and 10 of these patients had
abnormalities of conjugated chenodeoxycholate. The
extent of these abnormalities in bile salt concentra-
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Fig. 2 Percentage rise above normal range for plasma
bilirubin and serum bile salt concentrations in those
patients who exhibited abnormality. C: conjugated
cholate. CD: conjugated chenodeoxycholate.

tion were, in general, much greater than in bilirubin
(Fig. 2). However, it should be borne in mind that
the normal range for bilirubin is skewed and there-
fore the percentage rise above the upper limit of
normal might be expected to be less than for the
normally distributed bile salts. Eight of the patients
with abnormal plasma bilirubin concentrations also
had abnormalities of the fasting and postprandial
bile salts.
No single bile salt test was consistently abnormal

in all of the 11 patients in whom bile salt abnor-
malities were detected, but our experience has been
that the conjugated cholate concentration two hours
after the standard fatty meal was abnormal in 10
patients; in eight of these, the conjugate cheno-
deoxycholate was also abnormal. As, in general,
the abnormalities in conjugated cholate were sub-
stantially greater than in conjugated chenodeoxy-
cholate it seems likely that a single measurement of
conjugated cholate in the postprandial state would
be the measurement of choice.

Pennington et al.'3 have compared measurements
of total fasting and total postprandial bile salt con-

centrations with other indices of liver 'function' in
a group of 23 anicteric patients. They showed that
the frequency of abnormal AST and GGT results

was not significantly different from abnormal bile
salt concentrations but that ALP activity was raised
significantly less often than bile salts. We have also
found that ALP activity of liver origin was raised in
a small proportion of the patients (four of 11 with
bile salt abnormalities) and that GGT was raised in
about the same number. Increased GGT activities
would not be unexpected in our group of patients
many of whom had a chronic alcoholic history. In
these patients, the raised GGT activities would not
serve as a useful index of liver disease, as acute
alcohol ingestion alone is known to induce GGT
synthesis. We have not, however, found that amino-
transferase activities were raised in all of our patients
with abnormal bile salt concentrations. AST
activities were slightly raised in only seven patients,
none of whom had disorders of myocardial or
skeletal muscle. As AST is not specific for liver
damage these low levels in plasma would be of little
help in the detection of liver disease. ALT was
raised in only four patients.
We have reported previously that, after injection of

a bolus of glycocholate into the systemic circulation,
glycocholate disappearance, when expressed as the
concentration of conjugated cholate at 60 minutes or
as a 60/10 minute ratio, is correlated with age.14
These age-related reference ranges were applied to
the interpretation of the intravenous glycocholate
tests performed in our patients with anicteric liver
disease. Seven abnormalities were detected in the
conjugated glycocholate concentration after 10
minutes and 60 minutes and the 60/10 minute ratio
was abnormal in 11 patients. Calculation of the
parameters for the computer-derived disappearance
curve produced a small number of abnormalities
which would be of little help in detecting the liver
disease shown to be present on liver biopsy. Intra-
venous tests using very small masses of radio-
labelled bile salt have proved disappointing in the
detection of anicteric liver disease9 22 and the use of a
bolus of bile salt, which at first appeared to be a
sensitive index of liver function, also appears not to
be a useful approach. The possible use of an oral
bolus of bile salt, which would be presented to the
liver through the portal vein, has been reported22
and will require further evaluation.
The specificity of bile salt tests is not yet fully

established. Certainly, extrahepatic obstruction
leads to raised serum bile salt concentrations. While
abnormalities in serum bile salt concentrations have
been reported in patients with hyperlipidaemia,22
these findings have not been confirmed by other
workers.24 25 Although hyperlipidaemia is commonly
associated with liver disease, it would seem, there-
fore, that this is unlikely to lead to false positive
results from bile salt tests. Increased concentrations
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of unconjugated bile salts are known to be present
in the contaminated small bowel syndrome.26 These
are not likely to lead to a misdiagnosis of liver
disease if bile salt concentrations are measured
using immunoassay methods, as these show little
cross-reaction between the conjugated and uncon-
jugated bile salts.'516 27 28 Gilbert's syndrome com-
monly presents difficulties in the interpretation of
slightly raised plasma total bilirubin conventrations.
It is our experience (unpublished observation) in a
group of seven patients with Gilbert's syndrome that
all of the bile salt tests described in this manuscript
are normal. Additional experience in depth of the
routine use of bile salt tests in the diagnosis of liver
disease is needed to establish the specificity of these
tests.

It is clearly too early to suggest that serum bile
salt analyses may replace bilirubin analyses in the
assessment of patients suspected of having liver
disease. It appears, however, that abnormalities of
postprandial and possibly of fasting bile salt con-
centrations are present at least as often as abnorma-
lities of bilirubin in patients with anicteric liver
disease. The difficulties of interpreting the slightly
increased bilirubin concentrations attributable to
Gilbert's syndrome can be obviated by using bile
salts as tests of anion transport and, to date, the
specificity of bile salt tests seems acceptable. Serum
bile salt measurements can be made convenientlv
either with a specific enzymic method or by immuno-
assay: commercial kit methods are now being
introduced and will make bile salt immunoassay
increasingly available.
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