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Studies on the mechanism of non-visualization of diseased
human gallbladders during oral cholecystography
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Summary: Oral cholecystography is a well established method for studying the human gallbladder
and radiological non-visualization of the gallbladder has been shown to correlate highly with the
presence of disease. The exact mechanism by which diseased gallbladders fail to visualize is unclear,
but may be due to a failure of the gallbladder to concentrate the luminal contents. Concentration of
gallbladder contents is achieved by the reabsorption of water, the driving force for which is active
sodium (Na+) absorption. Therefore Na+ transport was studied by measuring the flux of Na22 across
isolated human galbladder mucosa (obtained at cholecystectomy) and compared with the results of
oral cholecystography and histological grading.

In 27 galbladders studied, 59% absorbed Na+, whilst the remainder secreted Na+. Comparison
with histological grading showed that as gaUlbladders became more diseased they absorbed less Na+
and were more likely to secrete Na+. In addition, galbladders that absorbed Na+ were significantly
more likely to visualize on cholecystography than those that secreted Na+. These results indicate
that some diseased human gallbladders secrete, rather than absorb, Na+ and suggest that the
mechanism for radiological non-visualization is failure of fluid absorption and the development of
active fluid secretion.

Introduction

Oral cholecystography is a simple and effective
method for studying gallbladder function and dis-
ease. The technique relies on the ability of the
gallbladder mucosa to concentrate adequately the
luminal bile containing orally-administered contrast
media. Concentration of the bile is achieved by the
absorption of water, and successful concentration
of this medium results in radiological opacification
of the gallbladder. Failure of the gallbladder to
visualize has previously been shown to be a very
good indicator of underlying gallbladder disease.'
Although the majority of diseased gallbladders fail
to opacify because of a stone blocking the cystic
duct, some have a patent cystic duct and the reason
why these gallbladders fail to opacify is unclear.
Although it would seem likely to be due to an
inability of the inflamed gallbladder mucosa to
concentrate adequately the contrast medium, pre-
vious work has suggested that it may be due to
abnormal absorption of the contrast medium by the

diseased gallbladder mucosa.2 Studies on fluid
absorption in the human gallbladder, however, are
difficult to perform and prone to inaccuracy. As the
driving force for water absorption in the gallblad-
der is sodium ion (Na+) transport via the mucosal
enzyme sodium, potassium-dependent adenosine tri-
phosphatase,3 we studied this process in diseased
human gallbladders obtained at cholecystectomy
using a sensitive radio-isotopic technique. By com-
paring the findings with the results of oral chole-
cystography and histology we hoped to gain more
information about the mechanism of radiological
non-visualization of diseased gallbladders.

Methods

Human gallbladders

Twenty-seven chronically inflamed human gall-
bladders, obtained at cholecystectomy from patients
with cholelithiasis, were studied. The gallbladders
were received within 15 minutes of ligation of the
cystic artery and immediately placed in oxygenated
saline (NaCl solution 150mmol/l) at 4°C. Portions
of the fundus of the gallbladder were gently washed
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with saline to remove surface bile, and the serosal
tissue was removed by blunt dissection and the
isolated mucosa mounted in the flux chamber. The
remainder of the gallbladder was kept for histologi-
cal assessment. The degree of chronic cholecystitis
was assessed by one observer (DH), who was
unaware of the results of sodium transport and
radiology. The gallbladders were graded as mildly
(grade 1), moderately (grade 2) or severely (grade 3)
diseased based on the appearance of the epithelial
cells, the muscle layer thickness, the size and site of
Rokitansky-Aschoff sinuses and the amount of
chronic inflammatory cell infiltrate.4

Oral cholecystography

Oral cholecystograms were performed up to 4
months prior to cholecystectomy. On the evening
before the examination, the patient ate a light
supper consisting of non-fatty foods and then
swallowed six 500mg tablets of lopanoic acid
('Telepaque'; Sterling Research Laboratories) with
water. They were then fasted until the examination
which took place the following morning.

Sodium transport

Sodium transport was studied using a modified
'Ussing' flux apparatus,5 and the technique used is
as previously described with slight modifications.6'7
The flux apparatus consists of two perspex
hemi-chambers with a section of gallbladder
musosa interposed, allowing 0.2cm2 of both sur-
faces of the mucosa to be independently bathed.
Experiments were performed under 'open circuit'
conditions. The medium bathing both surfaces con-
sisted of Krebs bicarbonate buffer (pH 7.4) contain-
ing glucose (28mmol/1), and a tracer dose of Na22
was added to one side of the tissue. The solutions
were gassed continuously with 95%/5% 02/CO2
and thermostatically maintained at 37°C. Experi-
ments used four chambers per gallbladder; two for
the determination of unidirectional mucosal to sero-
sal flux and two for the determination of unidirec-
tional serosal to mucosal flux. Samples were taken
at 10 minute intervals over the 20 to 60 minute
period (when a steady rate of Na22 transfer was
obtained) from the fluid which initially contained
no isotope and the unidirectional flux was calcu-
lated as the average of 8 readings (i.e. 4 per
chamber). The difference between the two unidirec-
tional fluxes represents the net sodium flux. A net
mucosal to serosal sodium flux (sodium absorption)
was designated as positive and a net serosal to
mucosal sodium flux (sodium secretion) was desig-
nated as negative. Data is presented for the experi-
ments as the mean+s.e.m. and statistical analysis
was performed using Student's t-test.

Results

Sodium transport and histological grading

Figure 1 shows the net sodium flux of each gall-
bladder compared to its histological grading. As the
severity of cholecystitis increased, the net flux for the
gallbladders became less positive (indicating
reduced Na+ absorption). In the moderately and
severely diseased groups, a large proportion of the
gallbladders had a net negative Na+ flux indicating
active secretion of Na+.

Sodium flux and radiological visualization

Net sodium flux was compared to the results of
oral cholecystography. Figure 2 shows that the
group of gallbladders that opacified- had a net
positive (absorptive) Na+ flux that was significantly
higher than the gallbladders that did not opacify,
which had a net negative (secretory) Na+ flux.

Discussion

The main function of the gallbladder is storage of
bile during inter-digestive periods, and concent-
ration of the stored bile.8 Concentration of the bile
occurs by the absorption of fluid and gallbladder
mucosa has one of the highest reported rates of
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Figure 1 Net sodium flux of gallbladders compared
to the histological grade: 1, mildly diseased; 2, moder-
ately diseased; 3, severely diseased. Lines represent the
mean and s.e.m. of each group.
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Figure 2 Net sodium flux compared to the results of
oral cholecystography performed within the previous 4
months. Lines represent the mean and s.e.m. of each
group.

fluid absorption.9 The driving force for this absorp-
tion is sodium transport via sodium, potassium-
dependent adenosine triphosphatase, which actively
extrudes Na+ across the basolateral cell membrane,
creating an electrochemical gradient along which
water and anions (bicarbonate and chloride) pass.3
Studies have confirmed that the rate of fluid trans-
port correlates directly with sodium, potassium-
dependent adenosine triphosphatase activity.10
Our results indicate that increasing disease of

gallbladders not only reduces Na+ absorption (and
hence concentrating ability) but also initiates a
secretion of sodium by the mucosa. As Na+ and
water absorption are so intimately linked, it is
likely therefore that the reason these gallbladders

fail to opacify on cholecystography is because of
active fluid secretion into the gallbladder lumen.
The effect of this secretion will be a 'washing out'
of the gallbladder contents, which will also prevent
any contrast medium from entering the gallbladder.
Na + and water secretion in inflamed animal

gallbladders is well described and is an energy-
requiring process which can take place against an
osmotic gradient.1" In cholecystitis, fluid secretion
is believed to be mediated via prostaglandins,3"'
and reversal to the more usual absorption by
prostaglandin inhibitors has been demonstrated in
both animals12 and man.13

This is the first study to compare Na+ transport
in human gallbladders with radiological function.
However, Nahrwold et al.14 have compared 'short-
circuit current' (which is an indirect measure of
Na+ transport) of 26 isolated gallbladders with the
results of oral cholecystography and found a simi-
lar correlation, although there was considerable
overlap. Conversely, another study of water trans-
port in the human gallbladder found no correlation
between gross fluid absorption and radiological
function and the authors postulated that the reason
for non-visualization may be due to absorption of
the contrast media by the inflamed gallbladder
mucosa.2 The authors of this latter paper however
are self-critical of their method and admit that
'experimental error' may limit the conclusions.
Measurement of Na+ flux across epithelia is simple
and sensitive and our data support the opposite
contention that cholecystography does in fact assess
the concentrating ability of the gallbladder. We
believe that the reason that diseased gallbladders
fail to opacify during cholecystography is not only
due to failure of fluid absorption but also because
of active fluid secretion.
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