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A Chromatographic Separation of Bilirubin Glucuronides

from Human Bile

JORGEN JACOBSEN

Department of Biochemistry A, University of Copenhagen, Copenhagen, Denmark

A chromatographic procedure for separation of bile pigments from
human bile is described. It results mainly in two fractions, bilirubin
diglucuronide and a pigment with a ratio, bilirubin to glucuronic acid,
equal to one. The two components are obtained free from other
coloured products, but contain a considerable amount of impurities,
about 50 9,. A crystalline strychnine salt of diglucuronide has been
prepared.

n 1956 three groups, Billing and Lathe,! Talafant,*> and Schmid,? showed

that the direct reacting bile pigment in serum and bile consists of bilirubin
glucuronides. Methods for separation of these pigments are unsatisfactory and
the substances have not been prepared in a pure state. Billing, Cole, and Lathe *
introduced a reverse phase chromatography. They were able to separate bile
pigments from serum into three fractions, unconjugated bilirubin, Pigment I,
and Pigment IT. The latter contains bilirubin diglucuronide and other conjugates,
while Pigment I has a ratio, bilirubin to glucuronic acid, equal to one. The
method has not led to a preparation of the compounds in a pure state. A
method for preparation of a mixture of bile pigments from human bile has
been worked out by Lucassen.’ He used the different solubility of the acid
and salt forms in water and acetone. Talafant ¢ has used the same principle,
and has also prepared a lead salt of the mixed pigments. An adsorbate of pig-
ments from human bile to Hyflo in an ammonium sulfate solution has been
prepared by Watson, Campbell and Lowry.”

EXPERIMENTAL

The bilirubin diglucuronide preparation according to Lucassen was the best starting
material for further purification. This is prepared from fresh human fistula bile to which
is added Na,S,0; to 1 9%. pH is brought to 6.0 with 10 9, oxalic acid. After centrifugation
the precipitate is discarded. The pH is then lowered to about 3.5. After centrifugation
once more the supernatant is discarded and the precipitate is washed with 0.01 9%, oxalic
acid. Acetone is then added in the cold to dissolve the bilirubin glucuronide in the acid
form. After filtration the pH is adjusted to 7.0. The brownish-yellow precipitate which
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has a high content of bilirubin glucuronides is washed with acetone and ether and is
dried in a vacuum desiccator.

Qel filtration. An alkylated, cross-linked dextran (Sephadex LH 20, Pharmacia Fine
Chemicals, Sweden) was allowed to swell in a mixture of equal volumes of ethanol and
water, and was then packed in a glass column (3 X 25 em). Lucassen’s preparation, dis-
solved in the same mixture, was applied at the top of the column and was eluted with the
swelling solvent.

Estimation of bilirubin. The concentration of total bilirubin was determined with
Nosslin and Michaelsson’s ® modification of the alkaline azo-coupling method of Jendrassik
and Grof.?

Glucuronic acid was estimated by the sulfuric acid-carbazole method described by
Dische. !

Thin layer chromatography of azo-coupling products was carried out with kieselgel as
supporting medium, according to Tenhunen.!* The solvent system used was that described
by Schmid.'* methyl ethyl ketone, propionic acid, water (15:5:6).

Spectrophotometry. Spectral curves were obtained in the range 350— 650 nm with a
Bausch and Lomb double beam spectrophotometer (Spectronic 505). The molar extinction
coefficient for bilirubin in chloroform is 60 700 em™M™! at 454 nm.® From this figure
the molar extinction coefficient in ethanol-water (1:1) was determined. Solutions of
bilirubin in chloroform and in ethanol-water (1:1) were both transformed into a mixture
of chloroform-ethanol-water. To obtain the extinction coefficient for bilirubin diglucur-
onide in ethanol-water (1:1) the extinction was measured before and after hydrolvsis in
0.1 M sodium hydroxide. For bilirubin diglucuronide the molar extinction coefficient was
59 000 cm™M™! at maximum, 454 nm. For the other fraction a similar figure
was obtained.

RESULTS

In Fig. 1 is shown a typical elution profile from the gel filtration of Luacas-
sen’s bilirubin glucuronide preparation. The results are somewhat variable
with the starting material and the age of the column.

The total bilirubin concentration and the concentration of glucuronic acid
in the two main fractions are shown in Table 1. The fast fraction contains
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LH 20 Sephadex chromatography of
bilirubin glucuronides prepared from bile
according to Lucassen. Two mg dissolved
TN NN T O 0 I .- 0 in 2 ml applied. Fraction volume, 7— 8 ml.
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Table 1. Results from three representative preparations of the two fractions from the gel

chromatography.
PP | 1 tion] bt | measuzed | SR usuzonic| weigh | p cent
No. ymole/1 ”nﬁ)le/l pmolefl |, Beid/. | ug/ml 32%% }
: I Fast |  — | 21 | 60 22 | 55 | 50 |
| i Slow | — 19 20— 25 2 = 7_E
- Fast 46 46 | 87 19 | 100 | 46 1
Slow | 39 39 | 42 11| %0 | 43 |
ry | Fest | 41 | 48 | 8 | 18 94 | 48 %
Slow 34 44 40 0.9 | 90 43 1

about 2 moles of glucuronic acid per mole bilirubin, while the slow fraction
has about equal molar quantities of the two components.

Both fractions show fast coupling with diazotized sulfanilic acid, even
when the ethanol is evaporated. Thin layer chromatography of the azo-
coupling product from the fast fraction gives, in the best preparations, only
one band, corresponding to Azo-pigment B (Billing et al.4). The slow fraction
shows normally two bands, corresponding to Azo-pigments A and B. Occa-
sionally other bands are seen, especially one with a very low Rp-value. This
latter is more pronounced when Lucassen’s preparation was coupled and
subjected to thin-layer chromatography without preliminary gel filtration.
From these results it seems reasonable to assume that the fast fraction is
identical with bilirubin diglucuronide, while the slow fraction has the com-
position of bilirubin monoglucuronide.

A crystalline strychnine salt was prepared from the bilirubin diglucuronide
fraction, by adding strychnine hydrochloride to a concentrated (evaporated)
aqueous solution of bilirubin diglucuronide. The crystals had an intense yel-
low colour. Because of the small amount available, recrystallisation and anal-
ysis were not possible.

Both fractions contain considerable quantities of uncoloured, azo-negative
impurities (Table 1). A small amount of this may be formed by degradation
of bile pigments during the procedure. The yield of pigments in the chromatog-
raphy was, however, in most cases above 90 9%,. It therefore seems more
reasonable that most of the impurities originates from ethanol soluble material
in the Sephadex. By evaporating and weighing eluate from a thoroughly washed
column it was shown that 1 ml contained 25— 50 ug solid material.
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DISCUSSION

The fast fraction is bilirubin diglucuronide, which contains no other coloured
substances and also no other diazo-positive components. The slow fraction
corresponds to bilirubin monoglucuronide. It has been much discussed, whether
such a pigment exists, or the pigment with equal molar content of bhilirubin
and glucuronic acid prepared from bile and serum (the so called pigment I)
is a complex of bilirubin and its diglucuronide.*:14,16 The results in the present
work indicate a higher molecular weight for the diglucuronide than for the
other component, but this may not be true because the adsorption to the gel
plays an essential role in the chromatography of these pigments.
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