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It is well known that gram-negative bacteria,
Escherichia coli strains, or their endotoxins, may
induce so-called enterotoxemia in new-born
children, calves, and piglets (27). However, under
experimental conditions, bacterial endotoxins
produce a fatal shock only if administered parentally (4). Thus, the main problem in the elucidation of the pathogenesis of these enterotoxemias
is the absorption of endotoxin from the intestines.
Earlier studies on endotoxin absorption gave contradictory results (2, 7, 9, 10, 13, 14, 17, 21, 22, 24,
25, 30, 31).
In our previous experiments, neither tolerance,
nor any toxic effect could be induced by a large
dose of perorally administered endotoxin in rats.
No toxic effect was experienced even in rats hypersensitized to endotoxin by lead acetate and treated
with a histamine liberator compound, 48/80, or
X-ray irradiated, to damage the intestinal mucosa
(3). In other earlier experiments, we could not
demonstrate any change in toxicity and serological reactivity of perorally administered endotoxin
in the gastrointestinal tract of rats, when endotoxin was reisolated, by the warm phenol-water
method, from the intestinal content (1). However,
in their physicochemical studies on bacterial
endotoxins Rudbach and co-workers demonstrated a reversible inactivation of endotoxin in
vitro by sodium deoxycholate treatment (23).
Since the intestinal tract always contains various
bile acids, which may have an effect similar to
that of sodium deoxycholate, in a preliminary

experiment we tried to remove the intestinal content from a ligated intestinal loop of rats by washing out with physiological saline prior to the
intraintestinal injection of endotoxin. We found
that the intestinal contents, or the surface-active
agents within, have an important role in the defense mechanism against endotoxin absorption
under physiological conditions in vivo. This has
induced us to launch this series of experiments.
MATERIALS AND METHODS
Female rats of Wistar origin (120 to 200 g each)
were used. The following compounds were used: E.
coli 089 lipopolysaccharide Westphal-type endotoxin,
prepared in this laboratory by the warm phenol-water
method (28) and tritiated by Wilzbach's method (29);
lead acetate (Fisher Scientific Co., Fair Lawn, N.J.);
sodium deoxycholate (Reanal, Budapest, Hungary);
and bile, collected by sterile syringe from the gall bladders of starved rabbits immediately after killing. The
specific activity of the tritium-labeled endotoxin was
572 ,uc/mg; the LD5o of both labeled and nonlabeled
endotoxin preparations was 4 mg per rat.
The following surgical method was used. Because
rats have no gall bladder, their common bile ducts
were cannulated (8) under pentobarbital sodium anesthesia. After median laparatomy, a polyethylene tube
was introduced into the common bile duct, fixed to the
abdominal wall, and ducted out on the surface of the
skin just below the processus xiphoideus. Every operation was done under aseptic conditions. After surgery,
the animals were treated with penicillin and kept in
individual cages. The animals were fed with commercial rat pellets. Only those animals were used which
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The absorption of tritium-labeled Escherichia coli 089 Westphal-type endotoxin
from the peritoneal cavity of rats was diminished by bile by 23% and by sodium
deoxycholate by 47%, respectively. Practically, there is no endotoxin absorption
from the intestinal tract of normal rats. The bile duct of rats was chronically
cannulated for experimental purposes. A significant amount of perorally administered endotoxin absorbed from the intestinal canal into the blood in the rats treated
thus. Absorption was demonstrated by the lethal effect of endotoxin on rats
previously hypersensitized by lead acetate, and by the radioactivities found in the
blood samples. The intestinal absorption of endotoxin in rats, rendered biledeficient, may be prevented by sodium deoxycholate. Supported by their experimental findings, we emphasize the important role of bile acids in the defense mechanism of the macroorganism against bacterial endotoxins.
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were controlled for the undisturbed cannulating of bile
a week after the operation. A polyethylene tube was
used for the gavage (peroral treatment) of the rats.

Endotoxin-hypersensitivity in rats was produced by
intravenous (iv) dose of lead acetate (5 mg of lead
acetate per 100 g of body weight) by the method of
Selye and co-workers (5, 6, 26).
Blood samples were collected from the tail vein of
the rats. The radioactivity in blood sera was measured
in Kinard's (12) solution.
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FIG. 1. Effect of bile or sodium deoxycholate on the
absorption of tritium-labeled endotoxin (I mg) from the
peritoneal cavity into the blood of rats I hr after administration.
TABLE 1. Toxic effect (endotoxin content) of sera
from rats, treated with 3H-labeled endotoxin
(ip), in rats rendered endotoxin-hypersensitive by lead acetate
Group'

Treatment

1
2

3H-endotoxin (5 mg ip)

3
4

Lead acetate (5 mg iv)
+ normal rat serum
(from group 1; 1 ml iv)
Lead acetate + 3H-endotoxin-treated rat serum
(from group 2; 1 ml iv)

(dead/total)

Killed
Killed (at 3 hr
after treatment)

0/5

5/5

a Blood from donor groups, 1 and 2, was collected by sterile puncture from the aorta abdominalis. Recipient groups, 3 and 4.

tity of endotoxin absorption from the intestinal
tract can be detected in normal rats (3). However,
when endotoxin was administered perorally into
bile-deficient rats (induced by bile fistula), a significant amount of endotoxin absorption could be
demonstrated. The arrangement and results of
one of our experiments are in Table 2.
As shown in Table 2, the groups 1 and 2 served
as controls. Practically none of the control animals died. On the contrary, when endotoxin
was given perorally, and, after an interval of
3 hr, lead acetate iv, all of the animals died of
typical endotoxin shock within 24 hr. At autopsy,
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RESULTS
In the first part of our experiments we studied
the effect of bile and of a certain bile acid, sodium
deoxycholate, on the absorption of endotoxin
from the peritoneal cavity. The first thing was to
establish, by way of intraperitoneal injection, the
absolutely nontoxic dose of freshly pooled rabbit
bile and sodium deoxycholate for rats. The absolutely nontoxic dose proved to be 0.2 ml of bile
and 5 mg of sodium deoxycholate per 100 g of
body weight, respectively. Before administering
the endotoxin it was incubated in vitro, either
with bile or sodium deoxycholate, for 1 hr, at
37 C. The endotoxin so treated was tested on 60
rats (Fig. 1).
As it appears from Fig. 1, bile reduces the absorption of tritiated endotoxin by 23%, and
sodium deoxycholate by 47%, respectively, 1 hr
after administration.
Next, one had to elucidate whether radioactivity measured in the blood samples is due to the
original labeled endotoxin itself or originates from
the disintegration products of the preparation, or
whether there is any parallelism between the
radioactivity and biological activity of endotoxin.
To elucidate this problem, rats were rendered hypersensitive to endotoxin by lead acetate (5, 6, 26).
These rats were used for testing the biological
activity (endotoxin content) of sera from rats
treated with 'H-endotoxin intraperitoneally (ip)
(Table 1).
As shown in Table 1, normal rat serum failed
to provoke any reaction in the endotoxin-hypersensitive animals. On the other hand, sera from
rats treated with 'H-labeled endotoxin induced
100% mortality in hypersensitized animals. This
finding suggests that radioactivity measured in
the blood of rats treated with 'H-labeled endotoxin (ip) corresponds to a certain amount of
endotoxin, 3 Ag or more. Namely, as demonstrated earlier, 3 ,ug of endotoxin is necessary to
provoke a fatal shock in the lead acetate-treated
rats (5, 6).
In the second part of our experiments, we
studied the intestinal absorption of 'H-labeled
endotoxin in rats with chronically cannulated bile
ducts. It is well known that no measurable quan-
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TABLE 2. Effect of chronic bile fistula on the absorption of perorally administered 3H-endotoxin in rats
Death

ratio

Treatment

Group

total)

3H-endotoxin (5 mg per os after
0 hr) + lead acetate (5 mg iv
after 3 hr)
Bile fistula + lead acetate (5 mg

1
2

0/5
la/S

iv)
5/5

Bile fistula + 3H-endotoxin (5
mg per os after 0 hr) + lead
acetate (5 mg iv after 3 hr)

3

Died of intercurrent bile peritonitis.

TABLE 3. Radioactivities in blood samples 90 min
after per os administration of 3H-endotoxin

(S mg)
Activitiesa

Group

Operation

1

None
Bile fistula

2
a

Expressed in counts

per

23,100
120,500

min.

1,650
6,760

TABLE 4. Protective effect of sodium deoxycholate
on the intestinal endotoxin absorption in rats
with bile fistula, rendered hypersensitive to
endotoxin by lead acetate
Death
Group

Treatmenta

ratio
total)

1
2

3

Bile fistula + lead acetate iv
Bile fistula + endotoxin at 0 hr
+ lead acetate after 3 hr
Bile fistula + sodium deoxycholate + endotoxin at 0 hr +
lead acetate after 3 hr

lb/6
5/6
2/6

a Lead acetate, 5 mg iv. Endotoxin, 10 mg per os.
Sodium deoxycholate, 40 mg, + endotoxin, 10 mg,
per os after 1 hr of incubation in vitro of both at
37 C.
b Died of intercurrent bile peritonitis.

DISCUSSION
The absorption of endotoxins from the intestinal tract of mammals, both under physiological
and pathological conditions, is a long-standing,
but still current, problem. The majority of researchers could not demonstrate endotoxin absorption from the intestinal canal (2, 3, 7, 10, 13,
17, 24, 31). However, as found by Rauss and
co-workers (18-20), Ketyi (11), and Ocklitz and
co-workers (15, 16), the perorally administered
endotoxin, as an antigen, is able to produce a
specific immunity. The experiments of Rudbach
and co-workers (23) permit an explanation of this
discrepancy. We could suppose that in the gastrointestinal tract, bile acids, as surface-active agents,
disintegrate (inactivate) the endotoxin macromolecule into smaller, atoxic fragments, still
having antigenic properties. This disintegration is
reversible. Namely, Rudbach and co-workers (23)
proved that the surface-active agents, e.g. sodium
deoxycholate, can disintegrate endotoxin in vitro
and thus reversibly abolish some of its biological
effects. In our present in vivo experiments we have
found that the physiological surfactants, the bile
acids, play an important role in the gastrointestinal tract in relation to the toxic properties of
bacterial endotoxins. Provided the rats were
rendered bile-deficient by the chronic cannulation
of their common bile duct, the absorption of
perorally administered endotoxin from the intestinal tract into the blood could be provoked in a
quantity that was sufficient to elicit a typical
endotoxin shock, experimental enterotoxemia. On
the other hand, in a preliminary experiment, we
could demonstrate some protective effect of
sodium deoxycholate against the experimental
enterotoxemia, as described above.
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one could demonstrate the pathological changes
characteristic of endotoxin shock.
The absorption of tritiated endotoxin was controlled by the determination of radioactivity in
blood samples 90 min after the treatment. Table 3
shows the mean values of blood radioactivities in
normal (without surgery) and in bile cannulated
rats, respectively.
As it appears from Table 3, only a minimal
amount of radioactivity absorbs from the intestines in normal rats. On the other hand, about
five to six times higher activities can be detected in
rats rendered bile deficient experimentally 90 min
after the peroral administration of 3H-endotoxin.
We assume the majority of radioactivity measured
in the blood of normal animals originated from
the basic impurity and disintegration products of
the endotoxin preparation.
Finally, in a preliminary experiment, we attempted to prevent by deoxycholate the intestinal
absorption of endotoxin in rats with experimental
bile fistula. The arrangement and result of this
experiment are shown in Table 4.
As shown in Table 4, five out of six of the biledeficient rats treated with endotoxin perorally and
hypersensitized by lead acetate died. However,
the nontoxic dose of sodium deoxycholate protects the majority of animals against the lethal
effect of endotoxin.
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Our experimental findings suggest that bile
acids play an important role in the defense mechanism of the macroorganism against bacterial
endotoxins.
However, the mechanism of endotoxin absorption from the gastrointestinal tract of bile-deficient rats requires further elucidation.
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