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SUMMARY Luminal concentrations of short chain fatty acids (SCFA), ammonia, sodium and
potassium were measured in colonic dialysate of 16 control subjects and in 65 cases with ulcerative
colitis (UC), which were graded according to mucosal changes into mild (1), moderate (2), or severe

(3) inflammatory activity. Sodium concentrations were mildly but not significantly increased in
severe ulcerative colitis while luminal potassium concentrations were markedly decreased in severe

ulcerative colitis (p < 0.025). Concentrations of SCFA were increased in severe ulcerative colitis.
Butyrate concentrations were significantly raised in all stages ofactive ulcerative colitis even when other
fatty acids were not raised. Of all the parameters a lowered pH and raised butyrate concentration
most strikingly correlate with the severity of mucosal change. Results indirectly suggest that control
of luminal pH, potassium secretion and utilisation of butyrate by the colonic mucosa are impaired
with progressive mucosal inflammation.

The colonic epithelium governs absorption of ions
and bacterial short chain fatty acids (SCFA) which
constitute the greatest proportion of anions in stool
water.' Short chain fatty acids provide up to 70%
of respiratory energy for epithelial cells of the
mucosa2 and furthermore augment sodium absorp-
tion in the healthy colon.34

In ulcerative colitis (UC) the mucosa is unable to
utilise SCFA as respiratory fuel suggesting that an

energy deficiency state exists in the disease.5 Indirect
support for an energy deficient state is a defect in
active (energy-requiring) absorption of sodium
recently found in the mucosa of UC.6

In the light of the above findings a study was

undertaken to clarify the relation between luminal
SCFA, luminal sodium and inflammatory activity of
the mucosa in UC. The method chosen was in vivo
colonic dialysis which reflects the ability of the
colonic mucosa to absorb ions and SCFA.7 8
Dialysis particularly is an index of equilibration
across the distal colonic mucosa which is readily
assessed by histological means.

Material and methods

Gelatin capsules containing dialysis tubing were

Accepted for publication 3 August 1981

323

prepared, administered and collected as described
by Wrong et all with the exception that the tubing
was filled with Dextran containing 5 % dextrose
(Fisons Ltd).

All subjects (Table 1) were ambulant and living
at home when taking the dialysis capsules. A
sigmoidoscopic examination with rectal biopsy was
performed on every patient with UC on the day on
which the capsules were taken. Grading was per-
formed as described by Truelove and Richards9 and
was as follows:
0 = normal appearance of mucosa and no

inflammation in biopsy
1 = mild
2 = moderate
3 = severe activity in the mucosa or inflammatory

change on biopsy.

Table 1 Ages (mean ± SEM) and sex distribution of
subjects in control group andpatients with ulcerative colitis

Control Ulcerative colitis

In Activity score
remission

1 2 3

Age (yr) 41-2 ± 3 9 42-8 ± 2-6 37-1 + 2-6 42-4 ± 3-4 47-4 + 3-7
n 16 25 16 15 9
M:Fratio 6:10 16:9 11:5 14:2 7:2
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With one or two exceptions all the patients with UC
were receiving Salazopyrin and every one in group 3
was receiving prednisolone by mouth and in the
form of a rectal enema or by both routes. In order
to obtain accurate results patients were requested to
stop using these enemas while taking and collecting
the capsules.

Control subjects attended the irritable bowel clinic.
Criterion for regarding them as suitable was the
presence of a normal colonic mucosa as judged by
sigmoidoscopy, rectal biopsy or barium enema all of
which had been performed within three months
before the dialysis capsules were taken.

METHODS

The pH was measured with a Radiometer micro pH
electrode. Sodium and potassium were estimated by
flame photometry and ammonia with glutamate
dehydrogenase'0 after 1/10 dilution of samples to
avoid interference by bile pigments with spectro-
photometric measurements. Short chain fatty acids
were measured as described by Roediger and

Moore.4 Rectal biopsies were fixed in formalin-saline
or formalin-sublimate. Sections stained with haema-
toxylin and eosin were assessed and graded according
to Truelove and Richards9 for inflammatory activity.
There was insufficient dialysate in several cases

for measuring all the ions indicated above. Samples
were then randomly allocated for measurement of
one or other parameter.

Results

The content of Na, K, NH3 (Table 2) and SCFA
(Table 3) in the dialysate from the control group
were similar to those reported by Wrong et all and
Rubinstein et al.l Both of these studies were con-
ducted in healthy volunteers in whom the colonic
mucosa was not biopsied.
The luminal sodium content was raised in patients

with severe inflammation but this change was not
statistically significant. Potassium concentrations
were lower in the group with moderate and severe
colitis than in patients in complete remission but the

Table 2 Cationic content offaecal dialysate. Estimations (mmol/l) are mean ± SEM of the number ofpatients
in each column

Control Ulcerative colitis

In remission Activity score

1 2 3

No of patients 16 25 15 15 9
Na 21-63 ± 499 18-00 ± 3-73 15-60 ± 3-76 24-38 6-18 32-11 ± 526

NS NS NS NS NS
K 79 56 ± 5-92 87-15 ± 4-71 71-23 ± 6-18 65 64 7-08 59 55 7-21

NS NS NS p < 0-025
Na:K 0 40 ± 0-17 0 35 ± 0-17 0-28 ± 0-09 0 73 ± 035 0 70 0-17

NS NS NS NS
Ammonia 9 91 i 1-43 11-18 ± 1-39 16-48 ± 2-54 11-51 1-70 22-08 2-64
(No of patients) (15) (26) (15) (15) (9)

NS p < 0 025 NS p < 0 001

Student's t test: control v ulcerative colitis.

Table 3 pH andfatty acid content offaecal dialysate. Estimations (mmol/l) are mean ± SEM of the number of
patients in parentheses

Control Ulcerative colitis

In remission Activity score

1 2 3

pH 7-47 ± 0-19 7 59 ± 0-12 6-92 i 0-28 6-86 ± 0-16 6-21 ± 013
(16) (24) (14) (15) (9)

NS NS (p < 0 06) p < 0-025 p < 0-001
Acetate 53 52 ± 5-75 48-96 ± 4-27 53 77 ± 7 03 50 23 ± 4 05 79-87 ± 3-74

(14) (25) (16) (14) (9)
NS NS NS p < 0-001

Propionate 22-72 ± 2-44 24 52 ± 2-39 28-20 ± 4-48 27-23 ± 2-27 40-87 ± 4 99
(14) (25) (1.6) (14) (9)

NS NS NS p < 0 0025
n-butyrate 14-02 ± 1-6 16-20 ± 1-18 18-81 ± 1-85 18-85 ± 2-15 35 02 ± 3-61

(14) (25) (16) (14) (9)
NS p < 0 05 p < 0 05 p < 0-001

Student's t test: control v ulcerative colitis.
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change was only significantly different (p < 0 025) in
the group with severe colitis.
The pH values of stool are given in Table 3. In

active UC the pH was lower than in control subjects
although in mild colitis the difference was not quite
significant (p < 0-06).
The concentration of all three fatty acids, acetate,

propionate and butyrate were significantly in-
creased in severe colitis. In the other groups of active
colitis only n-butyrate was consistently and sig-
nificantly raised, and the concentration seemed to
correlate with the severity of the disease.

Discussion

The concentration of the various ions in stool water
are the outcome of electrolyte movement across the
mucosa and thus an indication of electrolyte
absorption or secretion.7 8 Whether dialysate is
a good reflector of mucosal function in diarrhoea is
not clear as hastened transit might decrease the
efficiency of electrolyte movement across the mucosa
but not necessarily across the dialysis membrane.
Equilibration across the membrane is usually
achieved within 60 min.' A further restriction of
colonic dialysis is that it does not reflect the quantity
of ion excreted with respect to time but merely
reflects equilibration of ions across the mucosa
under the conditions of study.

Subject to the above limitation dialysate did
indicate a change in electrolyte handling by the
mucosa in UC. The altered Na:K ratio in mild or
moderate inflammation was not significant and in
line with findings of Rask-Madsen1213 who found
no change in sodium absorption in mild UC. During
acute attacks sodium absorption is usually re-
duced.'2 1415 We only detected a trend in this
direction which was not significantly different from
control subjects possibly due to the action of corti-
costeroids. These augment sodium absorption in the
colon and prevent the defective sodium transport
now known to occur in the mucosa of severe UC.6
The low luminal content of potassium presently

observed suggests that potassium secretion was
impaired. Some studies with colonic irrigation in
vivo indicate that potassium secretion is enhanced
in severe colitis.'4 15 Other studies indicate the
opposite. Rask-Madsen found no enhanced secretion
of potassium in severe colitis and clinically Smiddy
et all6 could not confirm a notable loss of potassium
in patients with severe disease. Failure of potassium
secretion (usually an active metabolic process'7)
provides some support for an energy deficiency
state5 in ulcerative colitis in that the colonic mucosa
is unable to transport potassium into the colonic
lumen at the normal rate.

In general the pH of the colonic contents depends
upon the concentration of ammonia,'8 the con-
centration of SCFA19 and the concentration of
bicarbonate.20 Low concentrations of bicarbonate
and high concentrations of ammonia and fatty acids
are associated with a low pH. In the present study
the luminal pH was low in patients with active UC
of moderate severity despite ammonia and fatty
acid concentration that were within the range of the
control group. It is adduced that the low pH in this
group of patients is due to failure of bicarbonate
secretion into the colonic lumen. A low pH of stool
water in UC was also found by Shoskes in 194721
but it remains conjectural whether the low pH is the
actual cause of the diarrhoea which is a usual feature
of this disease. Certainly absorption of ions in the
normal mammalian colon can occur as efficiently at
a pH of 5 0 as at a pH of 7.0.'7 18
Of the three SCFA measured, n-butyrate con-

sistently showed raised concentrations in UC. All
three fatty acids are absorbed by the normal colon
but the rate of absorption for each individual acid is
not known. The possibility exists that the rate of
absorption ofSCFA in the colon is determined by the
extent to which each is metabolised in the mucosa.
Thus n-butyrate is predominantly oxidised in the
colonic mucosa of mammals22 including man2 while
in UC there is an inability to utilise n-butyrate.5
Persistently raised concentrations of n-butyrate in
all severities of mucosal inflammation could reflect
this impaired metabolism.
Of all the factors a lowered pH and raised butyrate

concentration most strikingly correlate with the
severity of mucosal change. In addition dialysate
provided evidence of impaired potassium secretion
and also of impaired sodium absorption. All these
features can readily be associated with an energy
deficiency state of the diseased mucosa which
inefficiently regulates active movement of ions
through the surface epithelial cells of the colon.
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