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Role of the gut in the pathophysiology of
extrahepatic biliary obstruction

W D B Clements, R Parks, P Erwin, M I Halliday, J Barr, B J Rowlands

Abstract
Background-Gram negative septic events
are the commonest source of morbidity
and mortality as a result of surgery in
jaundiced patients. The large intestine
provides the major source of Gram
negative bacteria in mammals and is
implicated in the pathogenesis ofsystemic
endotoxaemia in obstructive jaundice.
Bile salts have an important part in
maintaining indigenous microecological
homeostasis through their emulsifying
properties.
Aims-The aim was to investigate the
effects of biliary obstruction and isolated
external biliary diversion on gastro-
intestinal structure and caecal bacterial
flora in relation to bacterial trans-
location.
Method-Six groups of adult male Wistar
rats were studied (no operation, sham
operated, and bile duct ligated (BDL) for
one and three weeks and a choledocho-
vesical fistula (CDVF) for one week). At
the end of the study period plasma was
assayed for evidence of endotoxaemia and
the animals were tested for bacterial
translocation to the mesenteric lymph
node complex (MLNC), liver, lungs, and
spleen. Quantitative and qualitative
bacteriological studies were performed on
the caecal contents and segments of colon
and terminal ileum were washed and
prepared for histological assessment.
Results-Bacterial translocation was sig-
nificantly increased in the BDLl (68.8%)
and BDL3 (60%) groups compared with
the shaml (6.3%), sham3 (9. 1%), No
operation (0O/o), and CDVF1 (16.7%)
groups. Although translocation was more
pronounced in the BDL1 group, this was
almost exclusively to the MLNC compared
with the more widespread translocation to
other organs in the BDL3 group. The
BDL3 group was the only group with
significantly raised concentrations of
endotoxin and anticore glycolipid. The
caecal Gram negative aerobic counts were
significantly increased in the BDLl and
CDVF1 groups compared with all other
groups. There was evidence of structural
abnormalities in the terminal ileum of
rats jaundiced for three weeks, but not in
the other groups.
Conclusions-Biliary obstruction for one
and three weeks promotes bacterial trans-
location although the mechanisms may be
different. Absence of intralumenal bile
results in a significant but self limiting

increase in the Gram negative aerobic
population, which may account for trans-
location in the early stages of biliary
obstruction. As the duration of biliary
obstruction increases systemic endo-
toxaemia is a consistent feature which,
combined with factors such as immuno-
logical depression and physical disruption
of gut barrier function, may promote
bacterial translocation perpetuating sys-
temic sepsis.
(Gut 1996; 39: 587-593)

Keywords: bacterial translocation, jaundice, sepsis, bile
salts.

Perioperative Gram negative septic events
complicate the outcome of jaundiced patients
undergoing invasive diagnostic and therapeutic
procedures. 1-3 Systemic endotoxaemia is impli-
cated in the high morbidity and mortality in
this patient population.4 5 The mechanism of
endotoxaemia and the pathophysiological
sequence of events in obstructive jaundice
remains unclear.
The two main physiological components of

extrahepatic biliary obstruction are firstly,
obstruction of the biliary tree with a con-
comitant rise in intraductal biliary pressure,
and secondly, interruption of bile flow to the
gastrointestinal tract. Mononuclear phagocytic
function is depressed in obstructive jaundice6-8
and some authors have shown the passage of
viable enteric bacteria to normally sterile extra-
intestinal sites in murine models of biliary
obstruction.9-10 Both mechanisms are probably
complementary in the development of systemic
endotoxaemia. This study investigates the
effects of increasing duration of biliary
obstruction and external biliary diversion on
the indigenous microecology of the gastro-
intestinal tract in relation to bacterial
translocation.

Methods

Experimental design
Adult Wistar rats (250-300 g) from our
breeding colony were housed in groups of four
under constant temperature (22°C) and
humidity with 12 hour dark/light cycles and
allowed standard laboratory animal feed
(Robert Morton and Co Ltd, Ballymena, UK)
and water ad libitum at all times throughout
the experimental period. Rats were assigned to
one of six groups: control (no operation), bile
duct ligation, (BDL) and sham operated for a
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period of one or three weeks (control (n=14),
BDL1 (n=16), shaml (n=16), BDL3 (n=10),
sham3 (n=11)), and a further group was
studied one week after sterile external biliary
diversion by means of a choledochovesical
fistula (CDVF1 (n=4)).

Operative procedures
All procedures were performed observing strict
asepsis under general anaesthesia, established
using intramuscular ketamine (6 mg/100 g;
Parke-Davis Veterinary, Gwent, UK) and
xylazine (0.7 mg/100 g (Bayer UK Ltd, Bury
St Edmunds, UK). The method described by
Lee et al was employed for bile duct ligation.
In brief, the common bile duct was mobilised
in the upper abdomen via a 1 cm incision,
doubly ligated using 5-0 silk, and divided."
Sham operated rats had the bile duct mobilised
but not ligated. The choledochovesical fistula
was performed in a fashion originally described
by Diamond and Rowlands in which a fine
bore silastic cannula (internal diameter 0O51
mm, external diameter 0.94 mm, Dow-
Corning, Michigan, USA) was introduced into
the proximal bile duct and doubly ligated in
situ with 5-0 silk sutures.'2 Once there was
satisfactory bile flow from the distal end of the
cannula, the cannula was inserted into the
dome of the bladder and sutured in place using
a 5-0 silk purse string suture. All abdominal
incisions were closed in two layers using 3-0
chromic catgut.
At the end of the study period animals were

deeply anaesthetised, 2 ml ofvenous blood was
collected in glass endotoxin free tubes and
placed on ice before centrifugation (15 minutes
at 2000 g) at 40C. Plasma samples were
aliquoted and stored at -700C for subsequent
assay. Animals were tested for bacterial
translocation and small and large intestine
sampled for histopathological examination.

Testingfor translocation of bacteria
Under general anaesthesia a midline lapar-
otomy was performed and swabs for bacterio-
logical analysis were taken from the peritoneal
cavity. Subsequently 3 ml blood was collected
from the portal vein for aerobic and anaerobic
culture using the radiometric Bactec 460
(Becton Dickinson, Towson, MD, USA).
Blood cultures were read on days 1, 2, 4, and
7 at a threshold of 20 and 30 for anaerobes and
aerobes respectively. Positive blood cultures
were plated out on appropriate media and
identified by standard bacteriological tech-
niques.
The right lobe of the liver, and the spleen,

right lung, mesenteric lymph node complex,
and caecum were removed and each placed in
preweighed sterile glass bottles containing
sterile prereduced brain heart infusion (BHI)
medium. The bottles were transferred to an
anaerobic cabinet (MK3 anaerobic work
station, Don Whitley Scientific Ltd, Shipley,
Yorkshire, UK) in which tissue homogenates
were prepared in 2 ml BHI using sterile
mortars and pestles and a homogeniser (Sorvall

Omnimixer, Ivan Sorvall Ltd, Norwalk, CT,
USA). Serial dilutions of the caecal homo-
genate ranging from 10-3 to 1O' were prepared
in prereduced BHI. A total of 100 ,u aliquots
of homogenates were cultured on blood agar,
chocolate agar, McConkey agar, tryptic soy
agar, and in cooked meat broth. All plates
except those for culture of the strict anaerobes
were removed from the anaerobic cabinet and
incubated at 37°C for 48 hours. Anaerobes
were cultured for five days. Aliquots of broth
were plated out the next day on the four
standard agar plates. After the appropriate
incubation periods, individual colonies were
counted and each organism plated out for
purification. Organisms were identified and
quantified as colony forming units /g tissue
(cfu/g) using the formula:

NXDX2X 101W
where N=number of colonies on the plate;
D=dilution inoculated on the plate; W=weight
of specimen/g; 2=2 ml BHI; 10=innoculum
(0 1 ml).

Histological assessment
A 1 cm segment of ascending colon and
terminal ileum was excised, lavaged with
normal saline, and then fixed with 3%
glutaraldehyde, processed by conventional
methods, and embedded in paraffin wax.
Ultrathin (1 ,um) sections were cut and stained
by haematoxylin and eosin and examined with
a Leitz Laborlux K microscope.

Plasma assays
Bilirubin concentrations were assayed using a
standard biochemical technique and expressed
in ,imol/1. Endotoxin concentrations were
assayed using the quantitative Limulus lysate
chromogenic assay (Coatest endotoxin, Kabi
Diagnostica, Molndal, Sweden) and expressed
in pg/l. The samples were pretreated by a
1 0-fold dilution in pyrogen free water and heat
treatment for five minutes at 85°C to negate
the effects of plasma inhibitory factors on the
assay. Endotoxin present in the plasma con-
verts a proenzyme to an active enzyme, which
acts on a chromogenic substrate producing a
colormetric change, detectable spectrophoto-
metrically at an absorbence wavelength of 405
nm.

Anticore glycolipid antibody concentrations
- the relative concentration of antibodies to the
core glycolipid region of lipopolysaccharide -
were measured using an enzyme linked
immunosorbent assay (EndoCab, Celltech,
Slough, England). This technique, originally
described by Scott and Barclay, employs
microtitre plates coated with a cocktail of four
rough endotoxin strains complexed with
polymyxin B sulphate. ' Prediluted samples
were incubated with the solid phase, and
bound rat IgG detected using a specific antirat
IgG-peroxidase conjugate (Serotec Ltd,
Oxford, England). The results are expressed as
a percentage of control values obtained from
normal rats.
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TABLE I Summary of results displaying the incidence of bacterial translocation, caecal Gram negative aerobic counts,
systemic concentrations of bilirubin, endotoxin, and anticore glycolopid antibody (ACGA)

Model No operation Sham 1 BDLl CDVFI Sham3 BDL3

BT (%) 0 6-3 68-8** 16-7 9.1 60*
Bilirubin (umol/1) 1-5 (0.6) 1 1 (0 1) 151 (4-1)** 1-35 (0.3) 1-3 (0.1) 147 (7.4)**
Endotoxin (pg/ml) 0.5 (1-2) 1.7 (1 1) 26-9 (20.0) 1-6 (1-6) 1-5 (0.8) 34-5 (16)**
ACGA (% increase) 92 (35.7) 109 (11) 163 (33.8) 129 (8.7) 98-4 (10-3) 239 (37.5)**
Gram negative aerobes 5-93 (0 22) 5.52 (0.24) 6-52 (0 30)* 7-17 (0.45)** 5-34 (0.35) 5-44 (0.50)
(-log ,o cfu/g)

Results are mean (SEM). *p<0.05; **p<0 01.

Statistical analysis
Data analysis was performed on an Olivetti
M300-30 microprocessor using Arcus pro-
fessional software (Iain Buchan, Oxford, UK).
Non-parametric statistical analysis (Fisher's
exact test, Kruskal-Wallis, and Mann-Whitney
U tests) was used throughout and significance
accepted at the 5% level.

Results (Tables I, II, and III)

General changes and plasma assays
Rats undergoing bile duct ligation were
clinically jaundiced within three to four days
and were maximally jaundiced by one week
with conjugated bilirubin present in the urine.
Animals jaundiced for one week were sprightly
with similar energy levels to controls and no
overt evidence of ill health despite experiencing
a more pronounced initial weight loss after
surgery (Fig 1). With increasing duration of
bile duct ligation animals were less energetic
although appetite and weight gain were similar
to those of control rats (Fig 1). Rats jaundiced
for three weeks had significantly increased
serum concentrations of both endotoxin and
anticore glycolipid compared with the sham
operated group at three weeks (p<0001,
Mann-Whitney U test). Although there were
sporadic increases in both endotoxin and

TABLE II Prevalence of translocating organisms seen in the various groups expressed as the
number of episodes in which an individual organism was recovered and its percentage of
total translocation episodes within individual groups

Translocating organism BDLl BDL3 Shaml Sham3 CDVFI

Ecoli 16 (73) 3 (20) 2 (100)
Gram +ve bacillus 2 (9) 5 (33)
Gram -ve bacillus 1 (4.5) 1 (6.7)
Enterobacter species 1 (4.5) 1 (6-7) 1 (100)
Streptococcus species 2 (9) 2 (13-3)
Moraxella species 1 (6.7)
Pasteurella species 1 (6.7) 1 (50)
Acinetobacter species 1 (50)
Anaerobic bacillus 1 (6.7)

Values in parentheses are /.

TABLE sM Qualitative alterations in the caecal Gram negative bacteria displayed as
percentage prevalence seen in control groups andjaundiced rats

Organism Control Shaml Sham3 BDLl BDL3 CDVFI

Ecoli 83 100 67 100 100 100
Pseudomonas 17 22 17 63 33 83
Pasteurella 50 11 33 75 33 67
Shigella 0 11 0 25 0 33
Moraxella species 17 0 67 13 50 33
Kiebsiella species 17 0 0 0 33 17
Enterobacter species 0 0 17 0 25 0
Proteus species 0 0 0 0 8 0
Acinitobacter 17 0 50 0 17 0
Alcaligenes faeces 0 0 0 0 8 0

ACGA concentrations in rats jaundiced for one
week this was not a consistent finding and was
not significantly different from the sham
operated animals at one week and the CDVF1
group (Table I).

Bacterial translocation
Bile duct ligation for both one and three weeks
resulted in a significantly increased incidence
of bacterial translocation compared with rats
undergoing sham operation and external
biliary diversion (Table I). Bacterial trans-
location was maximal (11 of 16 animals
(68%)) in rats jaundiced for one week and
translocation was predominantly to the
mesenteric lymph node complex (MNLC
64%, portal blood 18%, liver 18%). The
organism most often retrieved was Escherichia
coli. In rats jaundiced for a three week period
the incidence of translocation was similar (six
of 10 animals (60%)) but was more widespread
to other sites - namely, the liver, lungs, and
spleen (MNLC 14%, portal blood 14%, liver
14%, lung 36%, spleen 22%) with diversity of
the translocating organism (Table II). Only
one of six rats undergoing sterile external
biliary drainage for one week had evidence of
translocation.

Bacteriology
A significant increase in the Gram negative
aerobic population was also noted in the BDL1
group and CDVF group compared with the
sham l and BDL3 groups (Table I). Both BDL
groups seemed to experience qualitative
alteration in the resident caecal microflora with
a more diverse pattern of bacterial species
isolated compared with control groups (Table
III), representing a qualitative disruption of the
indigenous microflora.

30 _ No operation
o Sham

m20 a BDL

0)

0 5 10 15 20 2

Time from operation (days)
Figure 1: Weight change (g (SEM)) in the bile duct
ligation (BDL) and control rats (no operation and sham)
over the period of the experiment.
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Figure 2: Low power light micrographs representative of the
terminal ileum of the BDL rats (A) and sham operated rats
(B). There is considerable blunting of the villi with loss of
villus height in thejaundiced rat intestine compared with
the control group. (C) Higher power view of the Peyer's
patch at the base of the intestinal crypt in a jaundiced rat. It
shows engorgement ofa Peyer's patch with an increase in
the number of mitotic figures (circles) in the lamina propria
of the terminal ileum.

Apart from the qualitative and quantitative
changes described there were no other differ-
ences detected in the caecal microflora.

Histology
Histological analysis of the terminal ileum in
the BDL3 group disclosed non-specific
features of small intestinal damage - namely,
flattening of the villi with enlargement of
Peyer's patches and an increase in the number
of mitotic figures (Fig 2A, B, and C). There
was no evidence of mucosal injury in either the
small or large bowel of the other groups. These
histological changes are purely descriptive;
however, refined structural and ultrastructural
morphometric image analysis of the small
intestine is presently underway in our labora-
tory.

Discussion
Jaundiced patients undergoing invasive diag-
nostic and therapeutic procedures are at sig-
nificant risk of serious perioperative compli-

cations and death.'1'6 Gram negative sepsis
constitutes the bulk of this morbidity and
mortality, but renal dysfunction, coagulopathy,
deficient wound healing, and gastrointestinal
haemorrhage are well recognised.17-20
The pathophysiology of the complications

seen in extrahepatic biliary obstruction remains
unresolved, but there is increasing evidence to
support the role of systemic endotoxaemia.
Since Wardle and Wright first demonstrated an
association between renal dysfunction and
endotoxaemia in a cohort of jaundiced patients
numerous authors have concurred with this
finding in both the clinical and experimental

21-24
setting.
Endotoxin is a heat stable constituent of the

outer wall of Gram negative bacteria with an
0-specific side chain and a highly conserved
inner core, which, when present in the systemic
circulation, has the capacity to initiate a far
reaching physiological response through the
release of vasoactive inflammatory cytokines
from cells of the mononuclear phagocytic
system.25 27 Although exposure to endotoxin is
important for the development of the hosts'
imune response, when exposed to high
systemic concentrations the effects are
exclusively detrimental. There have been two
main hypotheses for the mechanism of sys-
temic endotoxaemia in obstructive jaundice. In
the mammalian system the largest reservoir of
Gram negative organisms is the gastrointestinal
tract and more specifically the colon. Under
normal physiological circumstances the gut
mucosal barrier is impervious to the passage of
bacteria into the sterile environment of the
peritoneal cavity, portal circulation, and other
organ systems such as the liver, lungs, and
spleen. The population of Kupffer cells
comprises the bulk of the mononuclear
phagocytic system and these are strategically
located at the confluence of portal venous
drainage for the sequestration and elimination
of bacteria and portal endotoxins.
Any functional or structural disturbance in

either the intestinal mucosal barrier or Kupffer
cell population will result in the escape of
bacteria and endotoxin to the portal circulation
and subsequently to systemic sites, which are
normally sterile. This phenomenon was coined
'bacterial translocation' and has been shown to
occur under the influence of various patho-
logical insults.28-31 Although there are protean
circumstances in which bacterial translocation
has been shown to occur, several unifying
factors are implicated in its pathophysiology -
namely, physical injury to the intestinal
mucosa, bacterial overgrowth, host immune
dysfunction, and endotoxaemia.32-34

Physical intestinal injury
In 1987, Bergesen et al carried out an
experiment in which rats underwent biliary
diversion by way of a choledochocolic fistula.
This absence of intraluminal bile salts did not
result in an alteration in villus height, weight,
protein, or DNA content in the mucosal
scrapings of the terminal ileum although there
was an increase in the excretion of urinary
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indican, an indirect measurement of small
intestinal bacterial overgrowth.35 More
recently, Deitch et al demonstrated morpho-
logical changes in the small intestine in a
rodent model of biliary obstruction and Ding
et al described non-specific abnormalities in the
mucosa of the small intestine.' 10 This physical
injury may contribute to breakdown of gastro-
intestinal barrier function and consequently
promote bacterial translocation. Deitch et al
have found this phenomenon in rats to which
endotoxin has been given parenterally3` and
attributed these morphological changes to a
selective ischaemia-reperfusion injury of the
ileocaecal segment of the gastrointestinal
tract36 effected via the xanthine oxidase path-
way. He showed that this effect could be
abrogated using the specific xanthine oxidase
inhibitors allopurinol and ibuprofen.37 Other
than this preliminary data there is no
conclusive evidence supporting the role of
physical injury to the intestinal mucosa as the
primary insult promoting bacterial trans-
location in biliary obstruction.

Absence of intraluminal bile and microfloral
disturbances
Burke et al investigated the effects of biliary
diversion on intestinal microflora from the
stomach, mid-jejunum and caecum.38 Animals
were pair fed and caged on wire mesh to limit
coprophagy. They were killed after five days of
external biliary diversion and although there
was an increase in coliforms and Proteus
species, this was most pronounced in the
proximal small intestine and was found in the
rats undergoing biliary diversion and pair fed
animals compared with the control group.
Their data were interpreted as an effect of
semistarvation as opposed to the loss of
intraluminal bile salts. Both Deitch et al and
Ding et al have demonstrated a quantitative
disturbance in the caecal microflora in the
rodent model of biliary obstruction and
Slocum et al intimated that this disturbance in
the Gram negative aerobic population was
attributable to the loss of the constraining
effects of luminal bile salts.9 10 39 Most of the
bacteriological studies on the effects of biliary
obstruction or diversion on the indigenous
intestinal microflora have been carried out in
rodent models, which may not directly reflect
what happens in humans. Rats are copro-
phagic, which means that the upper small
bowel will not be sterile and over 90% of
secretory IgA is secreted in the bile; both
characteristics are particular to rodents. These
are important considerations when interpreting
results of bacteriological studies performed in
rodent models.

Immune dysfunction
It is well recognised that extrahepatic biliary
obstruction induces specific and non-specific
depression in host immune status; however, the
mechanism for this remains unclear.40A3 There
are many reports of cellular immune dysfunc-
tion and Greve et al suggested that depression

ofT cell function was a direct effect of systemic
endotoxaemia.44 Gautreaux et al have shown
that T lymphocytes situated in the gastro-
intestinal mucosa, Peyer's patches, and mesen-
teric lymph node complex have an important
role in the prevention of bacterial trans-
location.45 It has also been shown that T cell
mitogen suppression occurs as a secondary
effect of bacterial translocation.46 There is a
large body of evidence showing impaired mono-
nuclear phagocytic system (MPS) function in
obstructive jaundice47 48 and although macro-
phages are implicated in the transport of viable
microorganisms from the gut lumen49 to the
mesenteric lymph node complex, liposome
mediated macrophage elimination has been
shown to promote bacterial translocation in the
zymosan model. Interestingly, this produced a
reduction in overall mortality, probably
through the abrogation of endotoxin mediated
cytokine release from the mononuclear cell
population.50

Endotoxaemia
Endotoxaemia has been reported as a sporadic,
inconsistent finding in obstructive jaundice;
however, with the refinements in the Limulus
lysate chromogenic assay5` and the develop-
ment of the EndoCab assay for the direct
measurement of antibodies produced to the
highly conserved inner core region of
circulating endotoxins`3 there is little doubt
that endotoxaemia occurs and has a key role in
the pathophysiology of biliary obstruction. The
coexistence of these physiological states in
biliary obstruction may well promote bacterial
translocation.
When examining the factors involved in

bacterial translocation it is important to
consider the role of intraluminal constituents,
such as bile salts, which have a constraining
role on the indigenous colonic microflora
through their emulsifying properties serving to
detoxify lumenal endotoxins and maintain the
homeostatic pattern of the indigenous flora.52
Secretory IgA is present in large concentrations
in bile, particularly in the rodent, and its
absence from the gastrointestinal tract may
result in a disturbance in the local immuno-
logical milieu.53 4

The bacterial defences of the bowel reside in
two interesting properties of the colonic
bacterial flora. Firstly, the ability to maintain
communal stability (bacterial antagonism),
which involves competition for nutrients,
adhesion sites, and the production of anti-
microbial factors.55 Secondly, normal intestinal
flora can prevent colonisation by exogenous
bacteria (colonisation resistance). The obligate
anaerobes are thought to play an important
part in colonisation resistance due to their close
association with the intestinal epithelium
constituting a barrier limiting attachment of
potential pathogens to the mucosal epi-
thelium.56 Colonic bacteria can produce short
chain fatty acids (acetate, proprionate, and
butyrate), all of which provide fuel for the
colonocyte.57 To date most authors have
employed standard bacteriological techniques
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to quantify and qualify bacterial translocation,
although it would seem from recent reports
that it may not be sufficient to characterise
microorganisms solely by their species.58 It has
been shown using biochemical fingerprinting
that certain bacterial phenotypes have a
propensity for translocation and it may be
more important to assess the qualitative
constitution of specific bacterial species in the
faecal flora as opposed to isolated alterations in
quantitative counts.59
The aim of this study was to evaluate the

effects of increasing duration of biliary obstruc-
tion on bacterial translocation in relation to
temporal alterations in the indigenous micro-
ecology over a three week period.

Bile salts
Bile salts have been shown to inhibit the
growth of intestinal bacteria in both the
experimental and clinical setting.` ` The
mechanism is unclear. However, this has been
attributed to their detergent action in which
the bacterial cell membrane integrity is
compromised and the endotoxin molecule is
broken down into inert subunits or formed
unabsorbable micellar aggregates.63 In clinical
studies oral treatment with bile acids has been
shown to reduce systemic endotoxaemia and
the incidence of renal failure in jaundiced
patients.64 65 Ding et al also showed a reduction
in bacterial translocation in jaundiced animals
to which bile salts were administered
enterally.66

Study commentary
Bacterial translocation was demonstrable in
animals jaundiced for both one and three
weeks. The shorter period of biliary
obstruction resulted in significant overgrowth
ofGram negative aerobic bacteria and a greater
incidence of translocation, although this was
predominantly to the mesenteric lymph node
complex. With increasing duration of bile duct
ligation, animals had a lower incidence of
bacterial translocation and no significant
quantitative disturbance in the microecological
floral pattern. Despite this, a broader range of
vegetative species were isolated from the
caecum with wider dissemination to the portal
blood, liver, lungs, and spleen. Consistent with
the increased systemic exposure, high plasma
concentrations of anticore glycolipid antibody
and endotoxin were demonstrable. In the
animals jaundiced for a three week period the
site where most translocation was found was
the lungs and these data support the
observation of Katz et al, who recognised that
in the absence of normal Kupffer cell function
the pulmonary system compensates with
greater bacterial trapping.60 Pulmonary
alveolar macrophages (PAMs) have less
bactericidal potential than Kupffer cells, which
may permit bacteria to survive in a state of
intracellular symbiosis resulting in activation of
the PAM, perpetuating the inflammatory
response in the lungs. These data concur with
the findings of Ding et al and raise the

possibility that there may be two distinct
mechanisms responsible for the bacterial
translocation seen at the different time points
after ligation of the bile duct.

After one week of bile duct ligation absence
of intraluminal bile salts results in the over-
growth of Gram negative aerobes, which is the
most likely mechanism for translocation. The
limitation of translocation to the mesenteric
lymph node complex and the low plasma con-
centrations of endotoxin and anticore glyco-
lipid antibodies in the BDL1 group may reflect
normal mononuclear phagocytic function at
this stage of biliary obstruction. In the CDVF
group, in which bile flow was externally
diverted from the gastrointestinal tract in the
absence of biliary obstruction there was a
similar overgrowth in the Gram negative
aerobic population. No bacterial translocation
was demonstrable in this group despite the
microecological disturbances, although
Slocum et al showed not only disturbances in
lumenal floral counts but also bacterial
translocation in rats undergoing CDVF,
reinforcing the argument that bacterial
translocation seen in the early stages of biliary
obstruction probably is directly related to a
disturbance in the indigenous microflora
occurring as a consequence of the absence of
intraluminal bile salts.
With the increasing duration of biliary

obstruction the intraluminal microecological
disturbances are no longer demonstrable. It is
plausible that with increased duration of biliary
obstruction the systemic concentrations of bile
acids increase proportionately and may diffuse
back to the intestinal tract exerting their homeo-
static effects on the intestinal flora. Despite this
normalisation in the microflora the efficiency
of the MPS, specifically the Kupffer cell
population, to sequester and clear endo-
toxaemia is impaired. Depression in the
phagocytic potential of Kupffer cells may result
from physical effects of biliary obstruction and
raised intraductal pressure, the toxic effects of
high bile salt concentrations, portal endo-
toxins, and inflammatory mediators locally in
the liver. This is reflected in increased concen-
trations of endotoxin and anticore glycolipid
antibody systemically and the broader pattern
of bacterial translocation to other organ
systems. Depression of host immune function
with the concomitant effects of systemic endo-
toxaemia on gastrointestinal mucosal integrity
may be responsible for bacterial translocation
seen in the later stages of biliary obstruction.

In conclusion, we postulate that absence of
intraluminal bile salts results in bacterial
overgrowth and bacterial translocation in the
early stages of biliary obstruction. With
progression of biliary obstruction there is loss
of the constraining effects ofMLNC on enteric
bacteria resulting in systemic dissemination.
This may well be related to deficient mono-
nuclear phagocytic function. With the 'spill-
over' of portal endotoxin systemically, there is
a circuitous effect on gastrointestinal mucosal
integrity resulting in further bacterial
translocation and perpetuation of the systemic
septic inflammatory response.
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