
Archives of Disease in Childhood, 1983, 58, 819-823

Biliary lipid compositions in cholestatic diseases of
infancy
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SUMMARY Biliary lipid compositions in infants with cholestasis were analysed. Bile acid and
phospholipid values were appreciably lower in infants with idiopathic neonatal hepatitis syndrome
or corrected biliary atresia than in control infants. Cholesterol values were not, however, notably
lower in infants with cholestasis. When biliary lipid components were determined in terms of
molar percent, bile acid values were considerably lower in infants with cholestasis than in controls,
and cholesterol and phospholipids were appreciably higher, as was the lithogenic index.

Obstructive jaundice in early infancy is usually
caused by biliary atresia or idiopathic neonatal
hepatitis syndrome, but its aetiology remains
unknown. Although fetal or neonatal derangement
of bile acid metabolism has been implicated,'
analysis of bile acids2-6 has not yet provided the
necessary proof. Hydrophobic substances in bile
are rendered soluble by mixed micelle formed by
bile acids and lecithin and the quality and quantity
of the micelle, which are governed by several factors
including bile acid concentrations, determine the
solubility of these hydrophobic substances.7 It is
well known that biliary lipid concentrations are
altered in some conditions such as cholesterol
gallstone or cholestasis8 9 and it is possible that this
alteration is associated with the pathogenesis of
cholestatic disease in early infancy. There have been
few reports, however, on the biliary lipid com-
position in children with cholestasis except those
on bile acid concentrations.5 1011 We examined
biliary lipid compositions in infants with intra-
hepatic cholestasis and in those who underwent
hepatoportojejunostomy because of extrahepatic
biliary atresia.

Material and methods

Patients. Twelve infants with idiopathic neonatal
hepatitis syndrome (INHS), mean age 13.3 weeks;
10 infants with biliary atresia (BA), mean age
20 3 weeks (who had undergone double Rou-Y
hepatoportojejunostomy (Kasai's procedure) at
7-8 weeks of age); and 12 control infants, mean age
21 -0 weeks, without hepatic or intestinal disease

were studied. Both the INHS and BA infants had
high serum bilirubin concentrations of over (20.5
[Lmol/l) (1.2 mg/100 ml) and there were no notable
differences between these two groups in routine
liver function tests including serum bilirubin and
serum transaminase values. In addition, we sub-
sequently analysed for comparative study specimens
taken from three infants with INHS and from three
with BA.

Upper intestinal aspiration. Duodenal aspiration
without exogenous stimulation was used to obtain
bile specimens from INHS and control infants who
had been fasted. Specimens were also taken from
the jejunal stoma made in the abdominal wall of
fasted infants with BA. These samples were frozen
immediately until analysis. In patients with severe
cholestasis an almost acholic juice was obtained.
We discarded duodenal juice in which the bile acid
concentration was below 0. 5 ,umol/ml.

Bile acid assay. Bile juice (0-2 ml) was mixed with
ethanol (4.8 ml) and left overnight at room tempera-
ture. After centrifugation at 3000 rpm for 10 min,
0-5 ml of supernatant was then transferred and
brought up to a volume of 4-0 ml by the addition of
ethanol. One ml of 1-OM sodium hydroxide was
then added to the solution. An equal volume of
hexane was used for removing cholesterol and other
lipid contaminations. The pooled hexane fraction
was used for the cholesterol assay described below.
The remainder was then washed four times with
hexane, ethanol was eliminated in a water bath, and
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4.0 ml of 1 GOM sodium hydroxide was added.
Alkaline hydrolysis, extraction of free bile acids,
and gas liquid chromatography using a 0.2%%
Poly-I 110 column were then performed as reported.6

Cholesterol and phospholipid assay. The hexane
fractions obtained during bile acid analysis were
used for cholesterol assay according to the method
of Zlatkis et al. using o-phthalaldehyde.12 Quantita-
tive values of cholesterol were determined by
colorimetric procedure at 550 nm. Bile phospho-
lipid extraction was based on the method of Folch
et al.13 using a chloroform methanol mixture
(2:1 vol/vol). The phospholipid concentration was
measured by the method of Fiske and Subbarow.14

Calculation of molar percentages. The biliary total
bile acid, cholesterol, and phospholipid concen-
trations were calculated in terms of molar percent
(mol %) of total biliary lipid compositions and
plotted as a single point on triangular coordinates
by a standard method.8 The lithogenic index, a
quantitative representation of the cholesterol satura-
tion of the bile by a single number that accounts
for all three biliary lipids, was calculated using the
equation of Thomas and Hoffman.15 The index is
defined as the ratio of cholesterol actually present
in the maximal amount that would be soluble at
the phospholipid: bile acid ratio of the sample.
When multiplied by 100, this index is identical to
the percent saturation that has been used by other
workers.16

Results

Biliary lipid compositions in INHS and BA infants
and controls. Infants with INHS and corrected BA
had lower mean concentrations of total bile acid,
cholesterol, and phospholipid than the control
infants, but these values were significant only for
total bile acid and phospholipid-bile acid; mean
(SD), 4.4 (4-7) ,umol/lml and 19- 11 (16 - 51) ,umol/ml;
P<.001 and phospholipid, mean (SD) 1.56 (1.4)
[±mol/ml and 3.24 (1.14) V±mol/ml, P<0 02
(Table 1). Total bile acid values were less than
2.0 ,imol/ml in 7 of 22 infants with cholestasis
(Table 1). Cholate was the predominant bile acid
and the ratio of cholate to chenodeoxycholate was,
mean (SD) 3.14 (1-8) in infants with cholestasis
and 3.12 (2-33) in control infants (Table 1). Small
amounts of lithocholate, deoxycholate, and urso-
deoxycholate were occasionally found.
The mol % values were significantly higher in the

cholestatic group than in the control group for

cholesterol and phospholipid-cholesterol, mean
(SD) 9.3 (3-0) % and 2.8 (1-6) %, P<0-001; and
phospholipid, mean (SD) 24.6 (9-9) % and 16.6
(8-5) %, P<0-05. The mol % of total bile acid was,
however, significantly lower in the cholestatic
children than in the controls-mean (SD) 65.4
(9.4) % and 80-3 (9.4) %, P<0001 (Fig. 1).
The cholesterol saturation in the control infants

was less than 1-0 and was related neither to age nor
to bile acid concentrations. Cholesterol saturation
was higher in cholestatic infants than in controls-
mean (SD), 1.06 (0.51) and 03 (0-16), P<0.001.
In the INHS infants cholesterol saturation was
significantly related to age (P<0.05) but this was
not the case in infants with BA (Figs. 2 and 3). We
did not find any relation between cholesterol
saturation and serum direct bilirubin values.

Biliary lipid compositions in INHS and BA groups.
The INHS group showed higher values of mol %
cholesterol and cholesterol saturation than the BA
group-mol % cholesterol, mean (SD) 10 . 3 (3*3) %
and 8-4 (2-6) % and cholesterol saturation, mean
(SD) 1.28 (0.64) and 0.88 (0.28) (Fig. 1). No
significant differences were found, however, between
the two groups. The cholate: chenodeoxycholate
ratio in the INHS infants was lower than that of
the BA group-mean (SD), 2.28 (1-72) and 3.43
(1.59) respectively, but no significant difference was
found (Table 1).

* Idiopathic neonatal hepatitis syndrome
lithogenic index; mean (SD). 128 (064)

* Corrected biliary atresia; mean (SD),
088 (028)

* Control infants; mean (SD), 0 30 (0-16)
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Fig. 1 Biliary lipid composition plotted on triangular
coordinates. Values under the curve line are unsaturated
with cholesterol, those above the line are supersaturated.
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Fig. 2 Relation between lithogenic index and age in
control infants and infants with cholestasis

Fig. 3 Relation between lithogenic index and total bile
acid in control infants and infants with cholestasis

Table 1 Biliary lipid compositions in infants with cholestasis (I)
Case Sex Age TBA C CDC C:CDC CHo PL
No (weeks) (pmol/ml) (jmol/ml) (jsmol/ml) (Pmol/ml) (jsmol/ml)
Corrected biliary atresia (n 12)
1 F 12 7-77* 5-57 1.85 3.01 0.77 4.58
2 F 12 0.64 0.47 0.17 2.76 0.12 0.50
3 F 12 9-25* 6.90 2-00 3.45 0-65 3.01
4 F 13 5-07 4-27 0.80 5.33 0.38 1-91
5 F 13 1-07 0.87 0.20 4-35 0.25 0.38
6 F 14 3.72 3.22 0.50 6-44 0-40 1-05
7 F 14 5-72 4.77 0.95 5.02 0.75 1.21
8 F 14 6.59* 3-92 2.27 1.72 0.75 3.28
9 F 16 0.82 0-50 0.32 1.56 0.11 0.25
10 M 18 3.44 2-47 0.97 2-54 0.46 1.31
11 M 32 21-20* 16-85 3.95 4.26 2-53 4.58
12 M 41 2-47* 1-45 0.25 5.80 0.39 0.98

Mean 20 5.64 4.27 1-18 3.85 0.63 1.92
(SD) (12) (5-64) (4-46) (1-13) (1-59) (0-64) (1-56)

Idiopathic neonatal hepatitis syndrome (n =10)
13 M 7 0-70 0-30 0-40 0-75 0-20 0-86
14 M 8 1.05 0.35 0-70 0.50 0.23 0-34
15 M 8 2-57 2.05 0.52 3.94 0-51 0-56
16 F 12 1.00 0.60 0.40 1.50 0.18 0-25
17 M 12 9.32 7.27 2.05 3-54 1.39 2.68
18 M 13 0.70 0-60 0-10 6-00 0.12 0.09
19 M 13 2-82 1-70 1.12 1.51 0-28 0.27
20 M 16 2-22 1-57 0.65 2.41 0.36 1.42
21 M 23 7.32 4.10 3.22 1-27 0.88 3.41
22 M 41 2-42 1*42 1.00 1.42 0.15 1*48

Mean 13 3-01 2-05 1.01 2.28 0.43 1-13
(SD) (11) (2-94) (2-28) (0-94) (1-74) (0.40) (1-12)

Cholestatic infants (n =22)
Mean 4.44t 3-23t I-lot 3.14 0.53 1-56§

(4-70) (3*71) (103) (1*80) (0.54) (1*40)

Control infants (n=12)
Mean 19-llt 13-22t 5.89t 3.12 0.55 3.09§
(SD) (16-51) (10-21) (7.08) (2-33) (0-28) (1-88)

TBA =total bile acid; C-cholate; CDC=chenodeoxycholate; C:CDC=ratio of cholate to chenodeoxycholate; CHo =cholesterol.
PL=phospholipid.* Including values of deoxycholate, lithocholate, or ursodeoxycholate; tP<0.001; tP<0.005; §P<0-02.
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Table 2 Biliary lipid compositions in the period after cholestatic disease

Case Age TB GPT TBA C CDC C:CDC CHo PL LI
No (mg/1OO ml) (IU/mI) (1smol/ml) (1smol/ml) (smol/ml) (usmol/ml) (Amol/ml)

(%TBA) (%CHo) (%PL)

Corrected biliary atresia
5 2 yrs 0-7 135 19-87 8.35 6.25 1.33 0.51 4.21 0.21

(80-8) (2-0) (17-1)
10 2 yrs 0.7 81 18-12 10-12 8-00 1-26 0-58 4.21 0.60

(79-0) (2-5) (18-3)
11 2 yrs 0.6 138 38-47 21-12 17-35 1.21 0.62 6.56 0.14

(84.2) (1*3) (14.3)

Idiopathic neonatal hepatitis syndrome
14 18 wks 9.1 122 1.75 0.70 1.05 0.66 0.31 0.77 1.10

(61-8) (10-9) (27-2)
17 24 wks 0.7 49 19-62 16-89 2.76 6.13 0.62 4.72 0.25

(78.5) (2*4) (18*9)
19 28 wks 0.8 59 6.27 5-25 1.02 5.14 0.51 3-21 0-53

(62-7) (5-1) (32-1)

TB =serum total bilirubin; GPT=serum glutamic pyruvic transaminase; TBA=total bile acids; C=cholate; CDC=chenodeoxycholate;
C:CDC=ratio of cholate to chenodeoxycholate; CHo=cholesterol; PL=phospholipid; LI=lithogenic index; Y%TBA=molar percent of
total bile acids; %CHo =molar percent of cholesterol; %PL =molar percent of phospholipid.

Biliary lipid concentrations subsequent to cholestasis.
Six children-three with corrected BA and three
with INHS-were studied subsequently for com-
parison. In five of the children (3 with corrected BA
and 2 with INHS) no abnormalities in biliary lipid
compositions were found but in one child with
INHS, who had persistent jaundice and liver dys-
function, biliary lipid compositions were still
abnormal 16 weeks after the disease (Table 2).

Discussion

Bile acids are important for micelle formation in
bile. The micelle formation plays a part in lipid
absorption and in rendering soluble, hydrophobic
substances such as cholesterol. It is well known that
supersaturated cholesterol in bile occasionally forms
cholesterol crystals which later proceed to gallstone
formation,8 but it has never been reported that
cholesterol crystal, liquid crystal, or other hydro-
phobic substances that are usually made soluble by
micelle, affect the small calibre biliary system of
fetuses or neonates.

It is presumed that in cholestasis the rate of bile
acid excretion from the liver to the biliary system
decreases and that biliary cholesterol saturation
increases.17 Physiological cholestasis has been
reported in the neonatal period,1819 and it may be
that some substance in bile such as bile acid,
cholesterol crystal, or lysolecithin that has a toxic
effect on the biliary system, initiates or promotes
pathological cholestasis.
There is little information on biliary lipid com-

positions in children, except for bile acids,5 10 11 20-22
but in adults with chronic cholestatic liver disease,

altered biliary lipid compositions-particularly
cholesterol-saturation have been reported.9 Our
findings in cholestatic children were similar but it is
possible that cholesterol supersaturation in bile
does not similarly affect the hepatobiliary systems of
infants and adults. Although extrahepatic biliary
obstruction was relieved and bile drainage effected
in the BA infants, the lithogenic index remained
high. With increased age, however, the index
decreased. This suggests that other than intra-
hepatic disease there was no persistent abnormality
in biliary cholesterol saturation such as an ab-
normal intrahepatic biliary tree or hepatocellular
injury.11 Although the biliary' lipid compositions
of control infants in this study showed lower mol %
cholesterol and cholesterol saturation than other
reports,20 21 this may be explained by racial
differences.23
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