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Chemical analysis of an enterolith
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From the Baker Medical Research Institute, and the Alfred Hospital,
Prahran S.], Victoria, Australia

EDITORIAL SYNOPSIS A woman suffering from cholelithiasis was operated on and from a diverticu-
lum situated at the second part of the duodenum an enterolith was removed. It consisted mainly
of deoxycholic and cholic acid in the ratio of approximately 3: 1.

CLINICAL RECORD

Mrs. M.P., aged 67, had for six months noted increasing
epigastric discomfort after meals, associated with
flatulence and marked meteorism; alkali gave only slight
relief. Occasionally she suffered from slight nausea and
anorexia. She had never liked fatty foods but gave no
history of pain or jaundice. On full clinical examination
no abnormality was noted.
A provisional diagnosis of cholelithiasis was made and

a cholecystogram showed the presence of multiple
calculi in a gall bladder ofnormal size, shape, and position.
It contracted well after a fatty meal outlining the duct
system, which appeared normal.
On 30 April 1962 a laparotomy was performed through

a right upper paramedian incision. The stones in the gall
bladder were noted. On further examination a large
hard lump was palpated behind the second part of the
duodenum, and on lifting the second part of the duo-
denum and head of the pancreas this slipped into the
duodenum and a stone was milked up into the stomach
and removed through a small gastrotomy incision. Very
little could be seen on the posterior surface of the duo-
denum but on putting a finger down through the gastro-
tomy it passed easily through the neck of a large diverti-
culum, which was opened. A gum-elastic bougie inserted
through a small opening in the common bile duct, which
was of normal calibre, passed medial to the neck of the

FIG. 1. Antero-posterior and lateral views on the duo-
denum, the common bile duct, and the diverticulum.

diverticulum and the ampulla lay 1 cm. below the
opening. The diverticulum was some 3 cm. in diameter,
with a neck of 14 cm. in diameter, thin-walled and lined
by mucosa (Fig. 1). It was resected leaving a 1 cm. cuff
of diverticulum. This friable tissue was closed with 2/0
chromic catgut and the duodenal wall brought together
over it with two layers of linen thread. The gastrotomy
was closed in two layers with 2/0 chromic catgut, and
a cholecystectomy was done. Two naso-gastric tubes were
put down, one to the stomach and one to the gastric
closure. A T tube was placed in the common bile duct
and a corrugated drain to the gall bladder and site of the
duodenal closure. The wound was closed in layers.
The patient had an uneventful convalescence. The

naso-gastric tubes, which had been kept on low pressure
suction, were withdrawn when the patient passed flatus
on the third day. The corrugated drain was removed on
the fourth day and the T tube on the tenth day.
The patient has been well since operation and has had

no further symptoms.

THE STONE

The stone (Fig. 2) was reniform in shape, light brown, and
quite hard. It was 4 cm. in its longest axis and the largest
diameter was 2 cm.; 1 cm. from the narrowest end was a
smooth collar extending around the stone, which must
have been protruding through the neck of the diverticu-
lum. On section it was laminated.
The cholecystogram was reviewed and no stone could

be seen, and radiograph of the stone produced only a
faint shadow.

CHEMICAL ANALYSIS OF THE STONE The chemical analysis
was carried out on a part of the finely powdered calculus.
On combustion in air it was completely volatile. The
powder contained 0-5% N (Kjeldahl) and was soluble in
boiling ethanol to 85%. The alcohol solution required
00026 mEq. OH- per milligram of alcohol-soluble
material for neutralization (indicator, thymol blue).
Boiling under reflux for one hour did not cause more
consumption of OH- than a blank carried out simul-
taneously. The alcoholic solution contained therefore
free organic acids only, with an average equivalent weight
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FIG. 2. The line across the neck of the stone was the site
of section for analysis.

of 385. The acids were identified by thin-layer chromato-
graphy, using the technique of Hofmann (1962). For
comparison authentic specimens of cholic acid and
deoxycholic and chenodeoxycholic acid were used. A
semi-quantitative estimation, judged from the intensity
of the spots, indicated that the calculus (Fig. 3) consisted
of approximately 3 parts of deoxycholic acid (3 ax, 12 a-
dihydro 5fl-cholanic acid) and 1 part of cholic acid
(3ac, 7oa, 12ax-trihydroxy 5fl-cholanic acid). Chenodeoxy-
cholic acid could not be detected. Such a mixture has an
equivalent weight of 396.

DISCUSSION

The frequency of the occurrence of intestinal calculi
is not known because not all such deposits cause
clinical symptoms and are therefore usually observed
by accident. The calculus described in the present
case is no exception. It was deposited in the second
part of the duodenum and consisted mainly of a
mixture of free deoxycholic and cholic acid. Entero-
liths of a similar composition are found in upper
intestinal diverticula (Armitage, Fowweather, and
Johnstone, 1950; Atwell and Pollock, 1960), and

FIG. 3. The solvent system consisted of 5 vol. acetic acid,
20 vol. carbon tetrachloride, 30 vol. di-isopropylene, 40 vol.
iso-amylacetate, 10 vol. n-propanol, and 10 vol. benzene.
Chromatography was carried out with Kieselgel G. The
plates were dried and spots were made visible by spraying
with 10% phosphomolybdic acid in ethanol and briefly
heated at 100°C.
A, cholic acid; B, deoxycholic acid, C, calculus; D, cheno-
deoxycholic acid; E, mixture of cholic, deoxycholic, and
chenodeoxycholic acids.

have certain peculiar features. For example, with
one exception all of them have been isolated from
women (Ward-McQuaid and Gordon, 1950) but the
reason for this sex predilection remains obscure.
Further, their composition differs from that of
human bile, which contains mainly conjugates of
bile acids with glycine or taurine and free bile acids
are present only as minor components (Sjovall,
1960).
The investigated enterolith consisted almost

entirely of free acids. It is possible that the small
amounts of free bile acids present in bile were precipi-
tated preferentially at a particular site and con-
centrated in the course of time, or that conjugated
bile acids were broken down enzymatically. Bacterial
hydrolysis of conjugated bile acids is unlikely since
this part of the intestinal tract is practically sterile.
The main bile acids in human bile are cholic acid,
chenodeoxycholic, and deoxycholic acid. The first
two are 'primary' bile acids formed from cholesterol
in the liver, whereas deoxycholic acid is produced as
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a result of 7 oc-dehydroxylation by bacteria in the
colon and enters the circulation by reabsorption
(Hamilton, 1963; Danielsson, Eneroth, Hellstrom,
Lindstedt, and Sjovall, 1963). According to Sjovall
(1960) the ratio of cholic acid to deoxycholic acid is
11 : 0-6 in healthy subjects. It is therefore interesting
to note that the reverse ratio was found in the present
enterolith.

Part of the expenses of this investigation were defrayed
from a grant in aid from the National Health and Medical
Research Council, Canberra, Australia.
We also thank Mrs. Malvina Malinek, M.Sc., of the

Diabetic Metabolic Unit, Alfred Hospital, Melbourne,
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