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Cyclic AMP and cyclic GMP levels in human
colonic mucosa before and during chenodeoxycholic
acid therapy
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SUMMARY Previous experimental studies suggest that bile salt-induced colonic fluid secretion is
mediated by adenosine 3':5'-phosphate (cyclic AMP). Two biopsy specimens of colonic mucosa
were obtained endoscopically before and after different periods of therapy (five, 10, or 15 days),
from each of 21 patients receiving chenodeoxycholic acid. A rise of cyclic AMP intracellular levels
was found, but only after five and 10 days of treatment was the increase statistically significant when
compared with basal levels. Similar changes were observed for guanosine 3':5'-phosphate (cyclic
GMP), but percentage increases were higher than for cyclic AMP. Initial diarrhoea disappeared
spontaneously, and at 15 days the levels of both cyclic nucleotides were not significantly different
from basal levels. Our findings suggest that colonic adaptation to increase in luminal bile salt levels
is related to changes in intracellular levels of cyclic nucleotides and support the hypothesis that not
only cyclic AMP, but also cyclic GMP may play an important role in producing bile salt-induced
diarrhoea in man.

The presence of an abnormal amount of bile salts
within the colon leads to a diarrhoeic syndrome, so
called 'cholerheic enteropathy' (Hofmann, 1967).
Analogous changes are frequently seen as side-
effects in patients treated with chenodeoxycholic
acid (CDCA) (Bell et al., 1972; Danzinger et al.,
1972; Iser et al., 1975; Barbara et al., 1976). Mok et
al. (1974) were the first to demonstrate that such
effects are dose-related.

Experimental observations in animals (Mekhjian
and Phillips, 1970) and humans (Mekhjian et al.,
1971) confirm that dihydroxy bile salts, mostly un-
conjugated (Forth et al., 1966), promote movement
of water and electrolytes across the colonic mucosa.
Binder et al. (1975) suggest that adenosine 3':5'-
phosphate (cyclic AMP) is the 'mediator' of bile
salt-induced fluid secretion in rat colon in vivo. They
observed that significantly raised intracellular levels
of cyclic AMP occurred with a parallel increase of
fluid secretion after incubation with taurocheno-
deoxycholic acid. The increased intracellular con-
centration of cyclic AMP, induced by bile salts in
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colonic mucosa, seems to be a consequence of
adenylate cyclase stimulation rather than phospho-
diesterase inhibition (Conley et al., 1976). The aim
of our investigation was to verify the possible role of
cyclicAMP in producing diarrhoea as a side-effect of
chenodeoxycholic acid treatment in patients with
cholesterol gallstones, and to study simultaneous
changes in intracellular guanosine 3':5'-phosphate
(cyclic GMP).

Methods

This study was carried out on 21 patients (nine men
and 12 women; age range 27-52 years) with radio-
lucent gallstones and without previous clinical
symptoms of organic or functional colon disease and
with previously normal bowel habit.
Each patient was treated with chenodeoxycholic

acid (CDCA), given orally in doses of 15 mg/kg body
weight/day. Biopsy samples of colonic mucosa were
obtained during colonoscopy from the middle third
of the descending colon. Histology confirmed that
the tissue comprised colonic mucosa only. A control
sample was taken from each patient 24 hours before
the treatment started. The patients were randomly
allocated to three groups of seven subjects. The
second sample was obtained from the first group
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after five days of treatment, from the second group

after 10 days of treatment, and from the third group
after 15 days of treatment.

Informed consent was obtained from each patient
after full explanation and the investigation was
approved by the local Ethical Committee. Samples
were immediately frozen in liquid nitrogen for
30-60 seconds. Then the sample was immersed in 6%
perchloric acid and, after homogenisation and centri-
fugation (18 000 rpm, 30 min, 0-4°C), 1 ml neutral-
ised supernatant (pH 6-8-7-2) was purified by
chromatography on Bio-Rad AG-1 X8 columns,
formate form (200-400 mesh), as proposed by Frand-
sen and Krishna (1976). CyclicAMP was eluted with
10 ml 2 N formic acid and the cyclic GMP was
eluted with 10 ml 4 N formic acid.

After drying, the radioimmunoassay of cyclic
AMP and cyclic GMP was performed, as described
by Steiner et al. (1972), using kits obtained com-
mercially (Schwarz/Mann Div., Becton Dickinson &
Co., Orangeburg, N.Y.). Radioactivity was deter-
mined as cpm in a Packard Autogamma counter
(Packard Instruments Co., Inc., Downers Grove,
Ill.) and expressed as pmol/mg of tissue proteins.
The quantity of mucosal proteins was determined
with the Folin phenol reagent method (Lowry et al.,
1951).
The results were expressed as mean ± SEM for

each nucleotide and statistical evaluation was per-
formed using Student's t test and the paired t test.
For each patient the number of stools was counted

in order to assess the effect of CDCA treatment on
bowel habit; diarrhoea was defined arbitrarily as
two or more loose stools per day in patients who had
previously a normal bowel habit (Mok et al., 1974).

Results

There was little variation in basal levels of intra-
cellular cyclic AMP in the 21 patients (mean value
22-28 ± 0 707 pmol/mg). There were no significant
differences between mean levels in the three groups
(Table 1).

Table 1 Mean (± SEM) cyclic AMP mucosal levels
(pmol/mg of mucosal protein) before and after various
lengths of time on treatment with CDCA in three
groups (seven patients in each group)

Treatment

Before After 5 days After 10 days After 15 days

19-86 0958 31-61 ± 0 905*
22.75 1-428 29-67 ± 1-866*
24-21 0-644 25-65 ± 0 40

*Significantly different from pretreatment values (p <001; paired t
test).

Mean basal level of intracellular cyclic GMP was
3-91 ± 0-248 pmol/mg. Although the third group of
patients had higher mean basal level than the first
and second groups, there were no significant
differences between the groups (Table 2).

Table 2 Mean (± SEM) cyclic GMP mucosal levels
(pmol/mg of mucosal protein) before and after various
lengths of time on treatment with CDCA in three
groups (seven patients in each group)

Treatment

Before After 5 days After 10 days After 15 days

3-69 0-273 8 15 ± 1*219*
335 0-492 6-20 ± 1-098*
4-69 0-371 5 98 ± 0-336

Significantly different from pretreatment values (P<001; paired t
test).

After CDCA treatment mean intracellular cyclic
AMP and cyclic GMP levels were higher than basal
levels in each group of patients (Tables 1 and 2). The
maximal increase of both cyclic nucleotides was
present after five days of therapy (31V61 ± 0 905
pmol/mg cAMP; 8-15 + 1-219 pmol/mg cGMP).
The increase was of a lesser degree after 10 days and
less still after 15 days. In particular, the difference
between basal and post-treatment levels for both
nucleotides was statistically significant only after
five and 10 days (Tables 1 and 2), whereas intra-
cellular levels of cyclic AMP and cyclic GMP were
not significantly different from basal levels after
15 days of treatment.

Clinically no side-effects, except bowel habit
changes, usually diarrhoea, were observed. The
number of loose stools per day is shown in Table 3
along with the percentage increase of both cyclic
nucleotides relative to basal levels. Three patients
had persistent constipation and low levels of cGMP.

Discussion

Recent experiments suggest that cyclic AMP has a
role as 'mediator' in promoting bile salt-induced
colonic fluid secretion (Binder et al., 1975; Conley
et al., 1976). In patients treated with CDCA, a
temporary diarrhoea is often observed (Bell et al.,
1972; Danzinger et al., 1972; Iser et al., 1975;
Barbara et al., 1976).
Our results confirm that, in human colonic mucosa,

treatment with CDCA is associated with an increase
in intracellular levels of cyclic AMP. Such an
increase remains statistically significant with respect
to controls even at 10 days of treatment when there
is no more clinically important diarrhoea. This
chronological disparity between the clinical symp-
toms and biochemical data indirectly suggests that
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Table 3 Effects of treatment with chenodeoxycholic acid on cyclic nucleotide levels and bowel habit

Patients Days of treatment Post-treatment % increase of cyclic Nwnber of loose stools*
nucleotides relative to basal levels

cAMP cGMP

1 5 50 36 144-90 10
2 5 68 03 24-52 C
3 5 46-21 5-15 C
4 5 70-81 149 20 10
5 5 67-91 164-55 7
6 5 37 03 148-14 9
7 5 83-62 173-67 1 1

8 10 41-34 202-97 3
9 10 30 05 104-98 1
10 10 27-83 12-50 C
11 10 14-06 -17 46 FS
12 10 3044 159-46 2
13 10 2845 114-59 2
14 10 42-14 44-00 1

15 15 459 5750 2
16 15 8-60 -8 50 FS
17 15 -8-11 17-32 FS
18 15 24-07 17 98 FS
19 15 4-63 55-16 1
20 15 3 57 20-00 FS
21 15 7-76 56 80 FS

*The evaluation refers to the day of the second biopsy and the day before and after it.
C: con3tipation. FS: formed stools.

the production of fluid secretion cannot be related
solely to variations in intracellular levels of cyclic
AMP. Our experiments indicate that there is also a
significant increase in cyclic GMP intracellular
levels after five and 10 days of treatment. Such an
increase, which is greater in percentage terms than
for cyclic AMP, may be physiopathologically im-
portant. Persistent constipation in three patients
with low cyclic GMP intracellular levels, even in the
presence of a conspicuous increase of cyclic AMP,
suggests that the side-effect of diarrhoea occurs as a
consequence of a parallel considerable increase of
both nucleotides.

Interestingly, when CDCA therapy was continued
for 15 days, the increase in intracellular levels of
both cyclic nucleotides was less than at 10 days. This
experimental observation relates to the clinical find-
ing that in our patients the diarrhoea tends to disap-
pear spontaneously during treatment. The adapta-
tion of the colonic mucosa to stimulation by bile
salts has been demonstrated recently in a rat experi-
mental model by Scarpello et al. (1978). In this
model the cathartic effect of added bile salts was not
present in rats which had previously undergone ileal
resection, causing increased colonic bile salt levels.
Our results could be explained by a single mechan-

ism. The increase of both cyclic nucleotides caused
by the activation of the respective cyclase systems,
could be the expression of simultaneous stimulation
of their receptors.

Wald et al. (1977), in their observations concerning
the effects of indomethacin on cholera enterotoxin-
induced secretion in rabbit jejunum, offer a con-
firmation of this hypothesis. Although indomethacin
reduces intestinal secretion, it does not affect cyclic
AMP levels, which remain considerably increased by
cholera enterotoxin, suggesting that there is another
cyclic AMP independent secretory mechanism; our
study of bile salt-induced diarrhoea indicates that
this mechanism may be the parallel activation of
colonic cyclic GMP.
The simultaneous stimulation of both cyclase

systems might lead to their subsequent reciprocal
inhibition. It is known that when there is selective
stimulation of a single cyclase system, such as in an
inflammatory process, there is not only an increase
of a single cyclic nucleotide, but at the same time a
depression of the other nucleotides (Willoughby et
al., 1975; Bertelli et al., 1976).
The spontaneous remission of CDCA-induced

diarrhoea could, therefore, be explained by the
reciprocal inhibition of the cyclase systems, related
to their simultaneous and protracted activation.

We are grateful to Professor R. H. Dowling,
London, for his valuable criticism.
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