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The Role of Altered Bile Acid Metabolism in the
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Medicine, Cornell University Medical College, New York, N. Y.)

Although it is well documented that blind loop
of the small intestine, either spontaneously occur-
ring (2) or experimentally produced (3-5), is as-
sociated with steatorrhea, the mechanism for this
abnormality has not been demonstrated. A patho-
genic role of bacteria is strongly suggested in this
and closely associated conditions by the observa-
tions that bacterial overgrowth of the small bowel
occurs (6, 7) and that the steatorrhea usually re-
sponds to antibacterial therapy (2, 4, 5).

In the present study in vivo alteration of bile
acid metabolism in dogs with experimental blind
loop steatorrhea was investigated. Marked dif-
ferences from normal were observed, the most
notable abnormality being considerable conversion
of conjugated to unconjugated acids within the
small bowel of the experimental animals.

Two experimental findings suggest that this al-
teration of bile acid metabolism plays a role in
blind loop steatorrhea. First, intraluminal micelle
formation, a probable step in fat absorption that
occurs optimally in the presence of conjugated bile
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acids, was shown to be impaired. Second, feeding
of conjugated acids to animals with steatorrhea re-
sulted in amelioration of the fecal fat loss.

Methods
Mongrel dogs weighing 32 to 38 pounds were used in

all studies. Both control and experimental animals were
individually caged, and food intake consisting in all ani-
mals of Purina dog chow and meat dog chow 1 was
measured for each daily feeding. This feeding provided
an average of 55 g of fat as determined by fat analysis
and a total of 954 calories. This was offered as a single
feeding and most was consumed within 1 hour. There
was no significant difference in intake between operated
and control dogs. When sodium taurocholate2 was ad-
ministered, 5 or 10 g was thoroughly mixed with the
feeding, and this mixture was rapidly and completely
consumed by both control and operated animals.

In experiments requiring a single liquid fat-containing
feeding, 320 ml of formula was used. This contained
14 g of safflower oil, which constituted 40%s of its caloric
content.

Cholesterol-4-1C 3 was administered intravenously in
0.5 to 1.0 ml of ethyl alcohol.

Operative procedures. Figure 1 is a schematic repre-
sentation of the results of the surgical procedure for the
construction of the blind loop as slightly modified from
that described by Tonnis and Brusis (8). The stoma
of the loop was 5 cm below the ligament of Treitz, and
the loop was approximately 48 cm in length and was
"self-filling," in that the direction of peristaltic flow was
from the stoma toward the blind end. In experiments in
which gastric instillation and sampling of jejunal con-
tent were carried out, the dogs were maintained under
light sodium pentobarbital anesthesia. The gastric tube
(no. 22F) and intrajejunal tube (no. 16F) were placed
through a small gastrotomy incision, and under direct
vision, the latter was fixed 20 cm below the blind loop

1 Kennel Food Supply Division, Hygrade Food Prod-
ucts Corp., Detroit, Mich.

2 Nutritional Biochemicals, Cleveland, Ohio.
3 SA 50 ,uc per mg, New England Nuclear Corp., Bos-

ton, Mass.
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content lipid was carried out on 0.5-mm silicic acid chro-
matoplates (13) developed in acetic acid: ethyl ether:
heptane (1: 49: 50).

Results

FIG. 1. SCHEMATICREPRESENTATIONOF SUR(
DUCEDBLIND LOOP.

stoma and was shown to remain in this p(
re-examined at the end of the experiment. I
in which the contents of the blind loop wer

sampled, the loop was detached from the jej
beginning of the study. The contents of th
made available through a metallic button p
blind end.

Chemical procedures. Fecal fat was de
4-day pools of homogenized feces by the metf
(9). Micellar phase lipid in jejunal conter
rated as described by Hofmann and Borg
and the lipid in that phase as well as the t
the unspun specimen was determined by th
Amenta (11). Extraction of bile and jejuna
bile acids was carried out with 5 vol of is
650 C for 30 minutes, and bile acid fracti
carried out by Florisil column chromatog
details of these methods and their verifica
scribed in a previous publication (12). 1
was detected by a Tri-Carb liquid scintilla
using benzoic acid-14C as an internal standar
correction. Thin layer chromatography

Fecal fat excretion. Steatorrhea of up to 56%o
I of dietary fat was noted 2 to 7 months after the

construction of the blind loop in all 12 operated
dogs. Fat excretion exceeded the normal by more
than 2 SE from the mean in each instance, and
mean excretion rate and standard error were
21.2 ± 3.7%o of dietary fat for the operated group

5 c m compared to 6.6 ± 0.3 for 11 controls (p < 0.001).
Weight loss occurred in all operated animals,
reaching a maximum of 37%o of body weight in one
animal.

In two dogs, one with 19%o and the other with
22%o fecal fat loss, 0.5 g per day of tetracycline was
administered orally for 20 days, and steatorrhea
fell to 7%o in both instances with cessation of
weight loss. In one dog in which continuity be-
tween the blind loop and the jejunal lumen was

interrupted, fecal fat loss fell from 17.6 to 6.2%o
after 18 days.

Bile acid conjugation in intestinal content and
bile. Four normal and four blind loop dogs re-
ceived 20 uc of cholesterol-4-14C intravenously.
Twenty hours later, the per cent of bile acid radio-
activity in conjugated and nonconjugated forms

GICALLY PRO- was determined in jejunal content obtained in the
fasting state in each instance and in one control

..itio whenand blind loop dog 30, 60, and 90 minutes after
n the animanl instillation of a fat-containing formula (Table I,
*e repeatedly blind loop and normal dogs no. 1).
junum at the In control dogs, bile acid conjugation in the
ie loop were fasting jejunal content ranged from 74.7 to 96.5%O,
laced in the compared to 2.5 to 37.3 in the three operated dogs
termined on with significant steatorrhea. In the single operated
lod of Saxon dog (blind loop dog 4) with minimal steatorrhea
it was sepa- (11%), bile acid conjugation was 94.4%. In
str5m (10), specimens of jejunal content obtained for up to 90
total lipid of minutes after a fat-containing feeding, conjugation
le method of remained below 57%o in the blind loop dog withLI content for
opropanol at steatorrhea (blind loop dog 1) compared to 97.5
ionation was to 98.9%7o in a similarly treated control (normal
raphy. The dog 1). These studies were carried out in unan-
tion are de- esthetized animals in which the jejunal collection
Radioactivity tubes had been placed 1 day before the experi-ition counter
d for quench ment. With the exception of blind loop dog 2, in
of intestinal which biliary bile acids were only 45.5%o conju-
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TABLE I

Per cent conjugated bile acid radioactivity in jejunal content and bile in normal and blind loop dogs*

Per cent bile acids conjugated

Jejunal content
Fecal fat

losst Bile Fasting 30 minutest 60 minutest 90 minutest

Blind loop dogs
1 29.0 87.8 37.3 41.0 41.6 57.0
2 22.0 45.5 7.9
3 19.0 94.6 2.5
4 11.0 95.2 94.4

Normal dogs
1 5.4 99.0 96.5 97.5 98.9 98.6
2 5.6 89.6 77.3
3 6.0 96.6 74.7
4 98.6 76.8

* 20 hours after intravenous cholesterol-4-14C.
t Per cent of dietary fat.
$ After instillation of fat-containing feeding.

gated, conjugation of gall bladder bile acids ranged
from 87.8 to 99.0% in both groups of animals.
Gall bladder content was obtained by direct punc-
ture at laparotomy carried out at the end of each
study.

In order to assess further the role of the blind
loop itself in the observed alteration of bile acids,
bile was obtained 24 hours after the injection of
cholesterol-4-14C from a normal dog in which an
exterior bile fistula had been produced. Eighty
ml of this bile was placed into the blind loop seg-
ment that had been detached from its intestinal
continuity in an operated dog with steatorrhea.
Contents of the isolated loop were sampled for 24
hours after instillation of the radioactive bile, and
bile acid isotope was fractionated into conjugated
and nonconjugated fractions. Before injection, the
biliary bile acids were essentially all in the conju-
gated form. As illustrated in Figure 2, within 6
hours the unconjugated material had risen to 70%
of the total isotopic bile acid.

Fractionation of the nonconjugated acids that
appeared in the loop provided further evidence of
changes produced during this in vivo incubation.
The dihydroxy acids rose to 40% of the total acids
at 6 hours. These, however, could have risen
either from deconjugation of the conjugates of the
dihydroxy acids in the injected bile or from de-
hydroxylation of the biliary trihydroxy acids.
Monohydroxy acids, on the other hand, are not
constituents of bile (14), and their appearance in
the intestinal loop at 8 and 24 hours indicates that,

in addition to deconjugation, alteration of ring
structure also had occurred.

Micelle formation in blind loop jejunal content.
Six specimens of jejunal content below the blind
loop stoma were obtained from two dogs with
steatorrhea 30 to 120 minutes after the intragastric
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FIG. 2. CHANGESIN ISOTOPIC BILIARY BILE ACIDS (BA)
AFTER INSTILLATION OF BILE INTO AN ISOLATED BLIND LOOP.
The bile was obtained from a bile fistula dog 24 hours
after the injection of cholesterol-4-14C.
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TABLE II

Per cent of intestinal content lipid in micellar phase

Per cent lipid in micellar phase Total lipid in jejunal content
Time after fat-
containing meal Normal Blind loop Normal Blind loop

minutes mg/mi
30 13.4 2.2 4.3 17.9

49.0 0.0 16.9 30.0
82.2 29.3

60 80.5 0.0 12.1 32.3
0.0 27.6

65.6 20.0
90 100.0 9.0 39.5 5.6

1.6 8.9
120 14.0 23.1

70.0 0.4 4.6 4.8
89.5 28.2

Mean 4 SD 56.5 :1 35.6* 2.2 5.0*

< 0.001.*p <0.001.

instillation of 320 ml of a safflower oil-containing
liquid meal. The per cent of lipid in the micellar
phase was compared to material from ten speci-
mens similarly obtained from three normal dogs
(Table II). Whereas the per cent of micellar lipid
did not exceed 9.0%o and averaged 2.2 ± 5% in
the jejunal specimens from the blind loop animals,
it averaged 56.5 ± 35.6%o in the normal group
(p < 0.001), a figure similar to that reported in
normal humans (10). Total lipid concentration,
also shown in Table II, was comparable in the two
groups of animals.

Effect of feeding sodium tcurocholate on blind
loop steatorrhea. Two dogs with steatorrhea after
blind loop construction were each fed 5 and 10 g
of sodium taurocholate for 6 days, and fecal fat loss

DOG A

a
0

e

a.
x

To

15

10

5

DOG

FIG. 3. EFFECT OF SODIUM TAUROCHOLATEFEEDING ON

BLIND LOOP STEATORRHEA.

for the last 3 days of the feeding was compared to
a control period. As illustrated in Figure 3, ste-
atorrhea that was 20.6 and 23.4%o of intake during
control collections fell to 12.7 and 15.7, respec-
tively, on 5 g of sodium taurocholate and 7.9%o in
both animals while they received 10 g per day.
The latter figure was comparable to 7.0%o fat loss
observed in the first animal after 20 days of anti-
biotic therapy and to 6.6 ± 0.3%o in 11 normal
dogs. This decrease in fecal fat loss occurred in
spite of diarrhea observed during bile acid feeding
in both animals at both dosage levels.

Intraluminal lipolysis. Jejunal content was ob-
tained from two normal dogs and one blind loop
dog 60 to 120 minutes after instillation of the
safflower oil-containing formula into the stomach.
The composition of fatty acid and triglyceride af-
ter extraction with ethanol: ethyl ether (3: 1) is
depicted in a thin layer chromatoplate (Figure 4).
Triglyceride, the major constituent of safflower oil
is essentially absent from the intestinal content of
both blind loop and control animals. In both in-
stances fatty acid, the major product of triglyceride
lipolysis, is present as the main component. Al-
though this nonquantitative demonstration does
not establish that lipolysis has proceeded normally
in the blind loop animals, it indicates, as shown by
others (5), that extensive lipolysis does take place
in this situation.

pH of intestinal content. The pH of intestinal
content of three blind loop dogs with steatorrhea
and four controls ranged from 6.4 to 6.8.

Histology of jejunal mucosa. Whole thickness
jejunal biopsies were obtained from an area 5 cm
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are in the last two columns on the right.
wholly of triglyceride. Times represent
test meal.

distal to the stoma from three dogs with steator-
rhea 7 months after construction of the blind loop.
No abnormality was noted in these biopsies nor
in a single specimen obtained from the loop itself.

Discussion
In the present study we have demonstrated

marked abnormalities of .bile acid metabolism in
vivo in dogs with steatorrhea secondary to surgi-
cal construction of a jejunal blind loop. These
changes include a high per cent of deconjugated
bile acids within the small bowel and, as demon-

The safflower oil standard consists almost
periods after instillation of fat-containing

strated within the loop itself, conversion of uncon-
jugated acids to mono- and dihydroxy forms.
Whether the deconjugation of bile acids noted in
the jejunal content occurred during passage of the
acids through the loop or took place within the
jejunal lumen per se as a result of extension of
the bacterial overgrowth from the loop is not es-
tablished by this study.

In one blind loop animal, considerable deconju-
gation was also apparent in the gall bladder bile.
Whether this resulted from bacterial overgrowth
into the biliary system or failure of the liver to
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reconjugate absorbed nonconjugated bile acids is
not clear. Both deconjugation and alteration of
ring substitutions have been produced in vitro with
bacteria isolated from normal feces (15-17). Fur-
thermore, Donaldson (5) has demonstrated ac-
cumulation of dihydroxy acids in the blind loop
contents in both rats and man. The mechanism
by which these alterations in bile acids lead to im-
pairment of fat absorption, which characterizes
both experimental and naturally occurring blind
loop, although previously suggested (18) has not
been established.

Lipolysis, micelle formation, and re-esterification
within the mucosal cell are among the processes in
fat absorption known to involve bile acids. Find-
ings in the present study as well as those previ-
ously reported (5) indicate that effects on lipoly-
sis, if present at all, are minimal in the presence
of blind loop steatorrhea. Since the action of pan-
creatic lipase is enhanced both by conjugated and
unconjugated bile acids (19, 20), no effect on this
enzymatic activity would be expected to result
from the deconjugation of bile acids that occurs in
blind loop.

In the present study, the formation of micellar
lipid after a fat meal was shown to be defective in
dogs in which blind loop had been produced.
Hofmann and Borgstr6m (21, 22) have shown
that at the pH of intestinal content nonconjugated
bile acids are largely in nonionic form and do not
participate optimally in micelle formation. This
may reflect either the limited solubility of uncon-
jugated acids in micellar solutions at the pH of
intestinal content (23, 24) or the selective binding
of unconjugated acids to bacteria or other intesti-
nal content residues (24). In contrast, conju-
gated acids have a lower pK value, are in ionic
form, and readily form mixed micelles with the
products of intestinal lipolysis-fatty acids and
monoglyceride. It is possible that the demon-
strated defect in micelle formation that occurs in
the blind loop dog results from a deficiency of in-
traluminal conjugated bile acid resulting from the
rapid deconjugation of biliary bile acids in the
presence of intestinal overgrowth. The conver-
sion of steatorrhea in this study by feeding large
amounts of conjugated bile acids is consistent with
this contention. Quantitative considerations sup-
port this line of reasoning. Under normal circum-
stances bile acid concentration in the small bowel

lumen in man (essentially all in conjugated form)
has been reported to be 6 to 10 mmoles per L (25,
26). In the present study, deconjugation of 70 to
97.5% of the conjugated acids occurred. This
would lower the concentration of conjugated acid
to the range of 0 to 2 mmoles per L, assuming total
concentration to be the same as in normal man.
These values are below the critical micellar con-
centration reported by Hofmann (26). It is im-
portant to emphasize that these figures are based
on several assumptions proven neither for normal
nor blind loop dogs, but they suggest that the de-
gree of abnormality seen is the order of magnitude
required to alter micelle formation.

Dawson and Isselbacher (18) have shown that
re-esterification of fatty acids after entry into in-
testinal mucosal cells is greatly enhanced by con-
jugated bile acids, a process apparently separate
from their effect on solubility within the lumen.
These authors have further demonstrated that al-
though nonconjugated cholic acid acts weakly to
enhance esterification, deoxycholate, a bacterial
product of cholic acid (16, 17), is inhibitory.
They have suggested that bacterial alteration of
bile acid structure in the blind loop syndrome could
lead to impaired fat absorption. The demonstra-
tion in the present study that both deconjugation
of bile acids and alteration of ring structure occur
in the intestine of blind loop dogs is consistent
with their hypothesis that the optimal bile acid
composition for re-esterification is not present in
this situation. The relative roles of impaired mi-
celle formation and decreased re-esterification in
the steatorrhea of blind loop are not certain. Al-
though the present study documents that micelle
formation is defective in blind loop steatorrhea,
abnormal re-esterification has not been reported
in vivo in this situation. Furthermore, the histo-
logical change described by Dawson and Issel-
bacher (18) produced by deoxycholate was not
observed in the jejunal mucosa of animals with
steatorrhea in the present or previous studies (5).
In either case, the correction of fat absorption
with bile acid feeding strongly supports the con-
tention that the defect results from rapid decon-
jugation of bile acid by bacterial overgrowth in
the intestinal lumen. It further suggests that the
deficiency of conjugated acids, rather than abnor-
mal accumulation of deconjugated forms, is criti-
cal, since it is likely that after taurocholic acid
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feeding in large doses the content of the noncon-
jugated products of bacterial action were present
at high levels.

Summary

A jejunal blind loop was produced surgically in
12 dogs, and steatorrhea of up to 56% of dietary
fat occurred within 2 to 7 months. Deconjugation
of isotopic bile acids was demonstrated within the
small intestine of these animals as well as within
the blind loop itself, coincident with alteration in
ring substitution. After a fat-containing meal,
2.2 + 5.0% of jejunal content lipid was in micel-
lar phase in blind loop dogs compared to 56.5 +

35.6%o in control animals. Steatorrhea was cor-
rected by orally administered sodium taurocholate.
These findings suggest that the altered bile acid
metabolism present in these animals plays an im-
portant role in their impaired fat absorption, prob-
ably by interfering with optimal intraluminal mi-
celle formation.
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