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SUMMARY Two conjugated bile salts (10 mmol/l sodium glycocholate, 10 mmol/l sodium tauro-
deoxycholate) and three laxatives (30 mmol/l magnesium sulphate, 10 mmol/l ricinoleic acid,
2 mmol/l dioctyl sodium sulphosuccinate) were tested on seven subjects with no intestinal lesions in
14 experiments by intestinal perfusion of the jejunum. A 25 cm segment was studied. Each solution
was perfused at the rate of 10 ml/min. Water and electrolyte fluxes, losses of deoxyribonucleic acid
(DNA), and intestinal cell enzyme activity were measured in the fluids collected. All the laxatives
and bile salts tested (except sodium glycocholate) induced water and electrolyte secretion, a rise in
intraluminal DNA loss, and enzyme activity. It was possible to establish a significant correlation
(P < 0.001) between the amounts of water fluxes and DNA loss under the effect of dioctyl sodium
sulphosuccinate and ricinoleic acid.

The effect of the bile acids,' -4 dioctyl sodium
sulphosuccinate (DOSS),5 6 ricinoleic acid,7 and
magnesium sulphate (MgSO4)8 9 on intestinal water
and electrolyte movements no longer requires de-
monstration either in the human subject or in
animals, as regards both the small intestine and the
colon. The mechanism of action is probably not
unequivocal, combining alteration of intestinal
motility,9 10 action on active transport (membrane
ATPase),1" hormone liberation,8 an increase in intra-
cellular cyclic AMP1213 and morphological epithelial
changes with alteration of intestinal permeability.
Ultrastructural changes in the mucosa of the small
intestine under the influence of the bile acids,
ricinoleic acid, and DOSS have been demonstrated
either directly by microscopic technique14 15 (the
changes involve the villus tips, producing disruption
of the mucosal barrier) or indirectly by an increase
of cell markers (deoxyribonucleic acid, phospholi-
pids, sucrase) in the perfusion fluids.'5 Increased
intestinal permeability has been demonstrated by
measurement of intestinal clearance of inulin,
dextran, albumin,15 and chromium 51 EDTA.'6
There is a direct relationship between intestinal
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secretion and permeability according to Cline,'4 but
not according to Binder.12 The purpose of this study
was therefore to determine the part played by the
bile acids and three laxatives selected from the
various groups of the international classification'7
(ricinoleic acid, DOSS, MgSO4) in cell desquama-
tion, quantifying the phenomenon by measuring the
DNA and intestinal cell enzymes in the perfusion
fluids, and to attempt to establish a correlation with
water and electrolyte secretion.

Methods

INTESTINAL PERFUSION
The bile acids and laxatives were tested on seven
constipated patients free from intestinal disease,
using the technique of intestinal perfusion described
by Modigliani and Bernier.18 The perfusion point
(A) was at the angle of Treitz below an occlusive
balloon. A 25 cm segment was studied. The fluid
was perfused at 37°C at a rate of 10 ml/min. After
collection (at point B) all the samples were homogen-
ised in a 30 ml Potter Elvehjem tissue homogeniser
(Vitro Laboratories).
The laxative was perfused for two hours, made up

of a 30 minute equilibration period and three 30
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minute collections. Perfusion of the laxative was pre-
ceded by perfusion of a blank solution (of the same
composition minus the laxative) for 90 minutes,
made up of a 60 minute equilibration period and one
30 minute collection. It was also followed by perfu-
sion of the same blank solution for 60 minutes, made
up of two 30 minute collections.

SOLUTIONS TESTED

All the solutions contained 130 mEq/l sodium,
5 mEq/l potassium, 10 g/l polyethylene glycol (PEG)
4000 used as a marker of water movements. Isoto-
nicity was obtained where necessary by the addition
of mannitol. The pH of the solution containing the
laxative and the blank one was the same.
The ricinoleic acid (Sigma Laboratories) was per-

fused in a concentration of 10 mmol/l in three cases,
DOSS in a concentration of 2 mmol/l in three cases,
MgSO4 (UCB Laboratories) in a concentration of
30 mmol/l in four cases, sodium taurodeoxyco-
cholate (TDC) in a concentration of 10 mmol/l in
three cases, sodium glycocholate in a concentration
of 10 mmol/l in three cases (Calbiochem Lab-
oratories).

BIOCHEMICAL DETERMINATIONS
PEG was measured by Hyden's turbidimetric
method.19 Sodium and potassium were measured by
flame photometry, using a Technicon autoanalyser.
Mannitol determination was carried out by the
method of Corcoran and Page.20 DNA was measured
by the fluorometric method of Le Pecq and Paoletti,21
using ribonuclease (III A Sigma) to hydrolyse
ribonucleic acid; the reference standard was calf
thymus DNA (Koch-Light Laboratories). All
determinations were made in duplicate, with appro-
priate blanks and a standard for each set of deter-
minations.
Enzyme activity, alkaline phosphatase, a-glu-

cosidase, and N acetyl P-glucosaminidase were
determined by the method described by Peters,
Muller, and De Duve,22 leucyl -naphthylamidase by

the method described by Peters.23 All determinations
were made in duplicate. Enzyme activity was ex-
pressed in mU, one mU corresponding to hydrolysis
of one nanomole of substrate per minute at 37°.

Sodium TDC was determined by the enzymatic
method of Iwata.24

CALCULATIONS
Net transparietal water and electrolyte movements
have been expressed respectively in ml/mn/25 cm
and Vmol/mn/25 cm of jejunum. The plus sign
means secretion, the minus sign absorption.25

Outputs of DNA and enzyme activity at the col-
lection point have been calculated and expressed in
,ug/mn/25 cm and mU/mn/25 cm respectively.

mann A/mann B

For each sample the ratio
PEG A/PEG B

was calculated, where mann A and mann B are the
concentrations of mannitol at A-perfusion point-
and B-collection point-respectively. This ratio is
equal to 1 if PEG and mannitol are equally inabsorb-
able. If this ratio is less than 1, it means that a
certain amount of mannitol has been absorbed
compared with PEG.
For the statistical study the matched series

comparison test and the correlation coefficient were
used.

Results

WATER AND ELECTROLYTE FLUXES
During the basal period a net absorption of water is
observed. Under the effect of all the laxatives and of
sodium taurodeoxycholate (Table 1) there is a net
secretion of water; sodium glycocholate induces
only a non-statistically significant reduction in
absorption.
The kinetics of water secretion are shown in Fig. 1:

with MgSO4 and TDC the secretion is constant
during the two hours of perfusion; when perfusion
of the laxative ceases, the secretion decreases and the
return to the basal level is found an hour later. With
DOSS and ricinoleic acid, the secretion is maximal
at the outset and decreases between the 90th and
120th minute of perfusion; when perfusion of the
laxative ceases, the secretion continues to decrease
but is still raised an hour later.
There is a significant correlation between the

water fluxes on the one hand and the sodium and
potassium fluxes on the other for all the laxative
tested (p<0.001).

Table 1 Water secretion during basal period and under effect of laxatives and taurodeoxycholate (mean±SEM)

Glycocholate Taurodeoxycholate MgSOs DOSS Ricinoleic acid
(n=3) (n=3) (n=4) (n=3) (n=3)

Basal period (ml/min/25 cm) -09±0 3 +0.3±0 3 -0-1 ±02 -0-1±0-2 - 0.9±03
Laxative perfusion (ml/min/25 cm) -02±0-4 +4.2±0t5 +0.8±0-1 +5-1±0 7 +6-2±2-2

The values indicated under perfusion of laxatives are average values obtained during the first 90 minutes for collection.
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Table 2 Increase in DNA losses and number of cells desquamated during laxative and taurodeoxycholate
perfusions (mean +SEM)

Glycocholate Taurodeoxycholate MgSO, DOSS Ricinoleic acid
(n=3) (n=3) (n=4) (n=3) (n=3)

A DNA(gg/min/25 cm) 8.3±3.6 55.9±15-3 29-1±11-1 824±92 628±167
A Number of intestinal cells x 10'

desquamed/90 min/25 cm 0-05±0-02 0-50±0-27 0.26±0,09 7.4±0-8 5.6±1-5

A DNA is the average value obtained during the first 90 minutes of collection.
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Table 3 Enzyme activities (alkaline phosphatase, c-glucosidase, leucyl P-naphtylamidase, andN acetyl
P-glucosaminidase) during and after TDC perfusion (multiplication coefficient in relation to its basal value)*

Perfusion (minutes)

30-60 60-90 90-120 120-150 150-180

Alkaline phosphatase 5±1-6 4-1±+10 3.4±1-0 1.8±0-3 0.7±0-1
a-Glucosidase 4 1±1 1 3.9±0-8 3 1±0 7 2 5±0 6 1.2±0-5
Leucyl 5.4±1-5 5-0±1-4 3.8±0t9 2 5±0t5 0.9±013
N acetyl 5.4±0t8 5 8±0 9 4-1±03 2.8±0 5 1-1±0-4

*Mean+SEM. n=4.

MANNITOL
mann A/mann B

The mean ratio for perfusion of the
PEG A/PEG B

basal solution is 0.93 +0.01. Perfusion of laxatives or
bile salts lowers this ratio by -006 (a=0.08, p <1 %).

DNA LOSS
The amount of DNA collected during the basal
period is 16.0 ±2.2 ,g/mn/25 cm. It increases under
the effect of laxatives. An intestinal cell is known to
contain 10 pg DNA; it was therefore possible to
calculate the number of cells which desquamated
under basal conditions (0.0016 x 109 cells/mn/25 cm)
and under the effect of the laxatives (Table 2).
The kinetics of DNA loss are shown in Fig. 2;

with MgSO4 the loss is maximal at the outset and
diminishes during perfusion of the laxative; with
TDC, ricinoleic acid, and DOSS it continues
throughout perfusion of the laxative and DNA loss
is still significantly raised an hour later.
DNA loss and water fluxes: water and electrolyte

secretion is maximal at the outset, while DNA loss is
delayed. Nevertheless there is a significant correla-
tion between these two when ricinoleic acid (r=0.85)
and DOSS (r=0.90) are perfused.

ENZYME ACTIVITY

This was measured under the effect ofTDC only and
is expressed in Table 3 as a multiplication coefficient
in relation to its basal value. Enzyme activity
increased during perfusion. A study of the ratio
enzyme activity

per unit oftime favours liberation of
DNA loss

enzymes preceding that of DNA.

Discussion

Our results confirm the secretory effect on the human
jejunum of MgSO4, DOSS, ricinoleic acid, and
TDC; but this secretory effect of TDC2, ricinoleic
acid,7 and DOSS6 is greater in our experiments,
while the effect of MgSO4 is comparable.9 For TDC
this discrepancy may be due to the difference in pH
of the solutions tested,26 with the lower pH of our

TDC solution (pH= 5) promoting increased fixation
of bile acids on the cell brush border and increased
secretion.27
The water movements, being calculated with the

variations of PEG concentration, are valuable only
if PEG is not absorbable. An artefact might be
introduced if PEG could diffuse through the mucosa
made more permeable by the laxatives. This seems
unlikely, for we added PEG C14 in the case of one
of the patients tested with ricinoleic acid and found
only 0.4% PEG C14 in the urine. This suggests that
little or no PEG passed across the mucosa. More-
over, the effect of the change in permeability with
respect to PEG and mannitol molecules is probably
slight, as the ratio mann/PEG varies by only -6%
between the experiments without and with a laxative,
while the radius of the mannitol and PEG molecules
are very different.
For glycocholic acid our results also confirm that

this trihydroxyl bile acid has no secretory effect.4
It may be asked whether anyone taking laxatives

in the same dosage per os would secrete such large
amounts of water. Saunders did, in fact, show in five
ileostomised patients that phenolphthalein (4 x 100
mg/24 h) increases the output of water from ileo-
stomies by only 30% and of sodium by 39 %.28 The
large increased amounts (Table 1) secreted in our
experiments may be due to the fact that the laxative
is brought directly in contact with the jejunum.

Basal DNA loss rate in our experiments (16 ,ug/
min/25 cm) appears to correlate well, after conver-
sion to the same DNA units, with Croft's results
(28, 75 ,g/min/25 cm).29 The number of cells lost in
our experiments (0.0016 x 109 cells) appears also to
correlate well with the results of McFarland (0-00145
x 109 cells).30 By applying to our experiments on
25 cm ofjejunum the multiplying factor of 8 for the
whole small intestine our results are also pretty close
to those of Croft (0.0128 x 109/min and 0 02-0{05
x 109/min cells respectively).29 Our results confirm
the aggressive effect of DOSS15 and ricinoleic acid15
that had already been observed in animal experiments.
It is the first time, however, that this effect has been
noted with a conjugated dihydroxyl bile acid. This
result might be due to impurities in the TDC, which
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did in fact contain 2-4% free deoxycholate. But this
concentration of free deoxycholate in the absence of
additional intraluminal deconjugation is not sufficient
to explain this effect, for it is known that in concen-
trations of 0-2-0.4 mM deoxycholate has no secre-
tory effect.
For all that, it cannot be concluded that the bile

salts play a physiological part in cell renewal, for, on
the one hand, TDC was perfused in a concentration
higher than its physiological jejunal concentration
and, on the other hand, the secretory effect of
dihydroxyl bile acid is known to be abolished by the
addition of lecithins.4 Consequently, investigation of
cell desquamation under more physiological condi-
tions would be interesting.

Various explanations of the mechanism of cell
desquamation may be put forward: Gullikson et aL.'5
have shown the importance of the detergent power
of laxatives: sodium dodecyl sulphate, dioctyl
sodium sulphosuccinate, ricinoleate, deoxycholate
caused exfoliation (DNA release), membrane effects
(sucrase release), and shortened villi in hamsters.
These biological effects were related to the surface
properties of the agents. Croft31 has also shown that
other irritants such as aspirin are responsible for the
acute exfoliation effect (DNA release) on gastric
mucosa.
The laxative might induce a certain amount of

desquamation by its action on smooth intestinal
muscle because villous spasmodic contraction
causes a shedding of epithelium.32

It might be asked whether in our experiments the
substantial rise in intraluminal water output had
increased desquamation by an irrigating effect on the
epithelium. This possibility can be excluded, for the
work of L'Hirondel and Bernier30 has shown that cell
loss is not influenced by intraluminal output (up to
20 ml/mn), nor by perfusion time.
According to Lee,29 cell desquamation is also

dependent on intravillous pressure.
Two opposite hypotheses are conceivable: accord-

ing to the first one, the secretion results from
disturbances in epithelial permeability that are them-
selves dependent on cell changes caused by laxatives;
according to the second, laxatives give rise to water
and electrolyte secretion, which, by raising intra-
villous pressure, increases cell desquamation. In our
experiments the fact that a linear relationship was
found between water fluxes and DNA loss excludes
neither of these two hypotheses.
The increase in intraluminal activity of the cell

enzymes under the effect of TDC also accounts for
the phenomenon of cell desquamation. The increase
in the enzyme/DNA ratio in the very first collection
may be the result of rapid disintegration of the cell
membrane as much as actual enzyme secretion.
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