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Summary: Taurocholate showed different effects on the jejunal sucrose absorption, depending on the concentration
of the bile acid: 3 mmol/l taurocholate inhibited to a small extent (- 7%), 10 mmol/l taurocholate had no effect
and 30 mmol/l taurocholate increased the sucrose absorption by 17%. The sucrose hydrolysis was augmented by
20% in the presence of 30 mmol/l taurocholate. 2 mmol/l taurochenodeoxycholate caused an increase of sucrose
hydrolysis (+ 37%) as well as of sucrose absorption (+ 12%) in the jejunum. Pooled rat bile induced a 21 % inhibition
of the sucrose hydrolysis, while the sucrose absorption was unchanged. The jejunal maltose hydrolysis was un-
affected by 3 mmol/l taurocholate, whereas 10 or 30 mmol/l caused a minimal increase (+ 3%). The absorption of
the resulting glucose was reduced to 84—92%. In the ileum 10 mmol/l taurocholate did not change the sucrose
hydrolysis and absorption, whereas 2 mmol/l taurochenodeoxycholate induced a 30% decrease. The investigated
bile acids had no effect on the microscopic structure of the small intestinal mucosa. Hypertonic solutions caused an
accumulation and exfoliation of PAS-positive material at the top of the villi, independent of the presence or absence

of bile acids.

Anderungen der intestinalen Disaccharidabsorption der Ratte durch Galle oder konjugierte Gallensiuren

Zusammenfassung: Taurocholat hatte —konzentrationsabhingig — unterschiedliche Effekte auf die Saccharoseabsorp-
tion im Jejunum: 3 mmol/l Taurocholat reduzierte sie geringfiigig um 7%, 10 mmol/l hatte keinen Einfluf und

30 mmol/l fithrte zu einer Steigerung um 17%. Die Saccharosehydrolyse war bei Anwesenheit von 30 mmol/] Tauro-
cholat um 20% gesteigert. 2 mmol/l Taurochenodesoxicholat verursachte einen Anstieg sowohl der Saccharosehydro-
lyse (+ 37%) als auch der Saccharoseabsorption (+ 12%) im Jejunum. Rattengalle hemmte die Saccharosehydrolyse
um 21%, wihrend die Saccharoseabsorption nicht beeinfluft wurde. Die Maltosehydrolyse im Jejunum wurde durch
3 mmol/l Taurocholat nicht verindert, wihrend 10 oder 30 mmol/l zu einer minimalen Steigerung um 3 % fiihrten.
Die Absorption der freigesetzen Glucose wurde auf 84—92% reduziert. Im Ileum fiihrte 10 mmol/l Taurocholat zu
keiner Anderung der Saccharosehydrolyse und -absorption, wihrend 2 mmol/l Taurochenodesoxicholat eine Reduzie-
rung um 30% verursachte. Die untersuchiten Gallensiuren fiihrten zu keiner histologischen Verinderung der Diinn-
darmschleimhaut. Hypertone Perfusionslésungen riefen eine Ansammlung und Exfoliation von PAS-positivem Ma-
terial an der Villusspitze hervor, unabhingig von der Anwesenheit oder Abwesenheit von Gallensiduren.

Introduction

Food digestion and absorption depend on many condi-
tions, one of them being the composition of the
intestinal contents. Bile is one factor of this “‘milieu
interieur”. Whereas some authors have investigated the
influence of bile acids on monosaccharide absorption
(1—20), there is only one report (21) about the
behaviour of disaccharide hydrolysis under the influence
of taurocholate. In the present study, the effects of
different bile acids and rat bile on jejunal and ileal
disaccharide digestion and absorption are reported.

Material and Methods

Animals

Male gnotobiotic Wistar rats, strain R CH-bb (Thomae, Biberach,
FRG), were housed in a sterilized plastic isolator, Trexler Type
(Metall und Plastik, Radolfzell, FRG). The intestinal flora
consisted: of Lactobacillus acidophilus (ATCC 11506), Lacto-
bacillus bifidus (isolated from human baby feces), Strepto-
coccus faecalis (ATCC 10541), Bacteroides symlfio_sus (Fuso-
bacterium symbiosum, ATCC 14940) and E. coli (isolated from
rats).

The environmental conditions werc kept constant for all
animals: Air temperaturc 24 °C, relative humidity 25-30%,
illuination with lights on at 7 a. m. and off at 7 p. m. Food
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(Altromin 1320) and water were fed to the animals ad libitum.
18 hours before starting the experiments the animals were fasted
with water ad libitum. Specifications on the number and the
body weight of the investigated animals as well as on the length
of the perfused intestinal sections are given in the tables under
“results”.

Chemicals

Sodium taurocholate puriss. (Serva, Heidelberg, FRG), sodium
taurochenodeoxycholate A grade (Calbiochem, Luzern, Switzer-
land), sucrose p. a. and D(+)-maltose puriss. (Serva, Heidelberg,
FRG), D(-)-mannitol (Merck, Darmstadt, FRG), [U-4C]sucrose
and [U-14C]maltose (Radiochemical Centre, Amersham,
England), Insta-Gel (Packard Instrument, Ziirich, Switzerland),
phenol red (Fluka AG, Buchs, Switzerland), Glucose/Fructose
testpack and Hexokinase/glucose-6-phosphate dehydrogenase
testpack (Boehringer, Mannheim, FRG).

Equipment

Perfusion pump “‘Perfusor 1V”’ (Braun, Melsungen, FRG), frac-
tion collector “Ultro Rac” (LKB, Stockholm, Sweden), liquid
scintillation counter “Isocab 300” (Nuclear, Chicago, USA).

Perfusion technique

The animals were taken out of the isolator and anesthetized
with sodium pentobarbital (Nembutal), 60 mg/kg body weight
i. p. Plastic catheters were tied into the lumen of the small
intestine at the ligament of Treitz and approximately 20 cm
distal to this point (jejunal perfusion) or 22 cm and approxi-
mately 2 cm proximal from the ileocecal valve (ileal perfusion).
The perfusion system (catheters and gut segment) was quickly
(600 mi/h) filled with the perfusion fluid, and then perfused at a
constant rate of 12 ml/h for 60 min. The perfusate was
collected in six 10 min aliquots. The first sample (0—10 min
after starting the perfusion) was discarded because steady
state conditions were not yet achieved within the first ten
minutes of perfusion. The intraluminal pressure was + 4 cm
H, O at the beginning and - 11 cm H,O at the end of the
perfused segment (The negative value resuits from the fact
that the end of the leading-off catheter lay below the ab-
dominal level). The temperature of the perfusion fluid was

25 °C at the beginning of the perfused segment. Cooling of
the animal was prevented by use of a radiation lamp. At the
end of the experiment the perfused segment was removed
from the animal and quickly dipped in and rinsed with ice-
cold NaCl-solution. Then its length was measured stretched

by an attached 3.2 g weight.

Perfusion solutions

The stock solution of all perfusion fluids contained Na*
147.2 mmol/l, K* 4.0 mmol/l, Ca** 2.25 mmol/l, CI~

155.7 mmol/1 and phenol red 56.4.umol/l (= 20 mg/1). The
pH was adjusted to 6.1. The disaccharide concentration was

3 mmol/l of either sucrose or maltose. Addition of [14C]
sucrose or [14CJmaltose resulted in a radioactivity of

925 kBq/l (= 25 uCi/l). The final perfusion fluids were made
by adding taurocholate (3, 10, or 30 mmol/l), taurochenode-
oxycholate (2 mmol/l) or pooled rat bile from animals with

a bile duct fistula. In this last-quoted case the stock perfusion
fluid was mixed with one part (v/v) of pooled bile so that the
bile acid contents of the final perfusion solution were as
follows: Total bile acids S.6, lithocholate 0.03, deoxycholate
0.8, chenodeoxycholate 0.35, ursodeoxycholate 1.35, cholate
3.05 mmol/l. Control animals were investigated with bile
acid-free perfusion fluids, the osmolalities of which had been
adjusted, if necessary, to that of the bile acid containing
fluids by adding mannitol. Table 1 shows which perfusion
fluids were used for the perfusion of jejunal or ileal gut
segments.

Methods of determination and calculation

In the native perfusion fluids and in each sample of the
perfusate the 14C activity was measured with a liquid scintilla-
tion counter. Because of the yellow color of the perfusate
brought about by the phenol red, a quench correction was
performed with the channels ratiomethod (22). In the
experiment performed with maltose, the glucose concentra-
tion was determined with hexokinase/glucose-6-phosphate
dehydrogenase (23). In the éxperiments using sucrose as
substrate, the concentrations of glucose and fructose in the
perfusate were measured with a combined optical test with
hexokinase/glucose-6-phosphate dehydrogenase and phospho-
glucose isomerase (23). The phenol red content was determined
according to the method of Henry (24):

In the following text all digestive-absorptive parameters are
expressed as umol/min or ul/min, related to the total length

of the perfused intestinal segment. The disaccharide absorption
was defined as 14C disappearance and was calculated as the
amount of infused disaccharide minus the total amount of
sugars recovered in the sample:

D X cpmg X EMp

A=2X D= [equ. 1]

cpmp X EMg
where

A = disaccharide absorption (monosaccharide,
umol/min)
(Ap = maltose absorption, Ag = sucrose absorption)
D = amount of infused disaccharide (umol/min
disaccharide)
cpmp = counts per minute in the native perfusion fluid
cpmg = counts per minute in the sample :
EMp = absorbance of the marker (phenol red) in the
native perfusion fluid
EMg = absorbance of the marker (phenol red) in the sample.

Tab. 1. Survey of the used perfusion solutions and the investigated gut segments. + = studied, ¢ = not studied.

Substrate

Sucrose Sucrose Maltose
Gut segment Jejunum Ileum Jejunum
Perfusion solution containing:
Taurocholate 3 mmol/l, 295 mosmol/kg + ¢ +
Taurocholate 10 mmol/l, 302 mosmol/kg + + [
Pooled bile, 290 mosmol/kg + ¢ ¢
Without bile acid, 290 mosmol/kg + + + -
Taurocholate 10 mmol/l, 332 mosmol/kg ) ¢ +
Taurocholate 30 mmol/l, 335 mosmol/kg + 1) +
Taurochenodeoxycholate 2 mmol/l, 335 mosmol/kg + + ¢
Without bile acid + + +

332 mosmol/kg

s
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The maltose hydrolysis (= digestion) was calculated as the sum
of maltose absorption ([equ. 1]) and the amount of free glucose
in the sample:

0.2 X [G]s X EMp

= +
Hm =AM EMg

[equ. 2]
where

Hj = maltose hydrolysis (glucose, umol/min)
ApM = see equation 1
[Gls = glucose concentration in the sample (mmol/l).

We performed two separate experimental series using sucrose as
substrate. In series 1 only the sucrose absorption was measured,
while in series 2 the sucrose hydrolysis was determined in addi-
tion to the sucrose absorption. The sucrose hydrolysis was
calculated as follows:

0.2 X (IG)s + [Flg) X EMp

Hg = Ag +
s =As EMs

fequ. 3]

where

Hg = sucrose hydrolysis (monosaccharide
(= glucose + fructose), pumol/min)
Ag = see equation 1
Fg = fructose concentration in the sample (mmol/l).

In the experiments of series 2 the results of the sucrose absorp-
tion were divided into glucose and fructose absorption:

Hg 0.2 X [G]g X EMp

Ag=—- .4
G=7 EMg [equ. 4]
where
Ag = glucose absorption (umol/min)
Hg
—: sucrose hydrolysis (monosaccharide, pmol/min)
divided by factor 2 gives the amount of released
glucose.
Arp=Ag-Ag [equ. 5]
where

AF = fructose absorption (umol/min)

In order to give a quick and simple survey about a poteptially
different behaviour of the glucose and frictose absorption, we
calculated the quotient of these two parameters (AG/AFR).

In addition to the absolute values for the glucose and fructose
absorption, we calculated the relative glucose and fructose
absorption:

200 X Ag

Ag(%) = [equ. 6]
Hs
200 X Af i 7
b = — equ. [
AF(%) o q
Where

AG(%) and Ag(%) = glucose or fructose absorption
expressed as percentage of the
monosaccharide liberated during
sucrose hydrolysis.

The niet water movement was calculated as theé difference
between infused and collected volume:

) EMp
NWM = 200 = (200 X —=) [equ. 8]
. EMg
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where

NWM = net water movement (ul/min)
Factor 200 = infused volume (ul/min).

Statistical analyses

1. Fisher’s test (25) was used to examine whether there existed
a linear relation between the values of the digestive-absorptive
data and the perfusion time. As this linear relation could be
shown in all analyses, the regression line y = a + bx (x-axis =
time axis) was calculated for each parameter in order to
recognize small absorption changes with perfusion time. The
regression lines of two groups were compared by Welch’s
method (26) or with the Student’s t-test.

2. The total mean value of each digestive-absorptive parameter
in each group was calculated as the sum of the single values
of all fractions of all animals, divided by the number of the
single values. The statistical analyses were performed with
the Student’s t-test or with Welch’s method. All hypotheses
were tested at the 5% significance level.

3. The comparisons of the body weight of the animals and of
the length of the perfused segments were performed with the
Student’s t-test at the 5% significance level. For further
details concerning the statistical analysis see 1. c. (27).

Morphological examination

After the end of the perfusion, histologic sections from the
perfused segments were fixed with Schaffer’s solution and
stained with hematoxylin-eosin or periodic acid-Schiff.
Corresponding sections from unperfused gut segments were
investigated as controls. In addition, ultrastructural examina-
tions by transmission electron microscopy were performed in
the jejunum after perfusion with an isotonic bile acid-free solu-
tion, in order to find out whether the perfusion procedure per
se had any effect on the mucosal ultrastructure.

Results

With three exceptions (tables 2 and 7) the regression
lines of the calculated parameters, in the presence of
bile or bile acids, were parallel to those of the corre-
sponding control group without bile or bile acids:
taurocholate, taurochenodeoxycholate or rat bile in the
concentrations used had no effect on the time course
of the sucrose and maltose digestion and absorption.
Because the statistical comparison of the regression
lines gave the same results as the comparison of
corresponding mean values, only the mean values are
mentioned in the following text. The regression lines
are summarized in the tables.

Jejunum

The maltose hydrolysis (table 2) was unaffected by

3 mmol/l taurocholate. With 10 or 30 mmol/l tauro-
cholate the maltose hydrolysis showed a small increase
(+ 3%). The absorption of glucose liberated from maltose
was diminished to 84—92% by taurocholate in all the
concentrations used. Using an isotonic perfusion solu-
tion, the net water movement, directed from the lumen
to the mucosa (*“‘absorption’), was not changed by

3 mmol/l taurocholate. With hypertonic solutions
taurocholate caused a significant reduction of the net
water movement, directed from the mucosa to the
lumen (“secretion”).
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In an isotonic solution 3 mmol/l taurocholate reduced
the jejunal sucrose absorption (table 3) to 93% of the
control group. In the presence of 10 mmol/l taurocholate
the sucrose absorption was unchanged. 30 mmol/l tauro-
cholate in a hypertonic solution enhanced the sucrose
absorption by 17%. This effect of 30 mmol/] tauro-
cholate was confirmed in the second series of the study
(table 4). The increase of the sucrose absorption in the
presence of 30 mmol/l taurocholate was the result of

an enhanced fructose absorption, while the glucose
absorption was unchanged: The quotient glucose/
fructose absorption was reduced from 1.57 to 1.37. The
increased sucrose absorption was accompanied by a
20% increase of the sucrose hydrolysis.

2 mmol/] taurochenodeoxycholate (table 4) led to a
37% increase of the sucrose hydrolysis and a 12%
increase of sucrose absorption. The absorption of the
liberated glucose was unchanged, whereas the fructose
absorption rose from 0.133 to 0.169 umol/min. The
relation glucose/fructose absorption was reduced from
1.57 to 1.29.

In the first series with sucrose as substrate (table 3) the
net water movement (““absorption”) from an isotonic
solution was unaffected by 3 mmol/l taurocholate but
reduced by 10 mmol/l taurocholate. Using a hypertonic

- solution the water “secretion’ was either diminished

or even converted to a water “absorption” by 30 mmol/l
taurocholate. 2 mmol/l taurochenodeoxycholate caused
a reduction of the water “‘secretion”.

The addition of rat bile to the perfusion fluid (table 5)
led to a 21% decrease of the sucrose hydrolysis. The
changes in the absorption of the split products, glucose
and fructose, were not statistically significant, but the
relation of glucose/fructose absorption was significantly
reduced from 1.92 to 1.68.

Ileum

10 mmol/l taurocholate in an isotonic solution

(tables 6 and 7) had no effect on the sucrose hydrolysis,
the absorption of the split products or the net water
movement. The ratio glucose/fructose absorption was
also unchanged.

With 2 mmol/l taurochenodeoxycholate the sucrose
hydrolysis was decreased by 30% and the sucrose
absorption by 33%. The reduction of the sucrose absorp-
tion was the conséquence of a diminution of the glucose
absorption (- 36%) as well as of the fructose absorption
(- 28%). The net water movement (“absorption’) was
diminished by 70%.

No histological changes were detectable in the jejunum
and in the ileum after perfusion with isotonic solutions,
irrespective of the presence or absence of bile acids. The
ultrastructural picture of the jejunal mucosa also
remained unaffected by an isotonic, bile acid-free perfu-
sion fluid. Perfusion with hypertonic solutions caused
an increased exfoljation of cells at the top of the villi

1. Clin. Chem. Clin. Biochem. / Vol. 16, 1978 / No. 12

and an accumulation of PAS-positive material at this

site (Fig. 1). This effect was independent of the presence
or absence of bile acids.

Discussion

Except for one study by our group (21), in which we
found a decreased jejunal lactose hydrolysis in the
presence of 8 mmol/l taurocholate, there are no reports
in the literature concerning the dependence of disaccha-
ride hydrolysis and absorption on bile acids in the
intestinal contents. In the present study the influence
of taurocholate on the jejunal sucrose absorption was
concentration-dependent: 3 mmol/l taurocholate
reduced the sucrose absorption to a small extent,

10 mmol/l taurocholate hat no effect, and 30 mmol/l
taurocholate caused in increased sucrose absorption.
Since the total luminal bile acid concentration in the
upper jejunum of the rat amounts to S—10 mmol/l

(28, 29), and since taurocholate makes up one third

to one fourth of this quantity (30), a taurocholate
concentration of 3 mmol/l comes nearest to the physio-
logical concentration.

The calculation of the sucrose absorption by measuring
the 4C disappearance gives no information about the
specific behaviour of the glucose and fructose absorp-
tion. For example, the total sucrose absorption can be
unchanged in spite of a decreased glucose absorption,
if this diminution is compensated by an increased
fructose absorption. For this reason the increased
sucrose absorption in the presence of 30 mmol/l tauro-
cholate was further scrutinized by a separate determina-
tion of the glucose and fructose absorption. In this
special case it could be shown that the glucose absorp-
tion was unchanged, whereas the fructose absorption
was enhanced. The quotient glucose/fructose absorp-
tion fell from 1.57 in the control group to 1.37 in the
presence of taurocholate. The increased fructose dis-
appearance rate was accompanied by an enhanced
sucrose hydrolysis. Since the absorption of the liberated
glucose was not altered, the stimulation of the fructose
ébsorption might have been the consequence of an
increased glucose concentration. This hypothesis is in
accordance with the findings of Holdsworth & Dawson
(31), who showed an augmented fructose absorption

in the presence of glucose. '

The maltose hydrolysis was not altered by 3 mmol/l
taurocholate, but it was increased by 10 mmol/l tauro-
cholate. An increased disaccharide hydrolysis is

not necessarily accompanied by an increased disaccharide
absorption. In the experiments performed with maltose,
30 mmol/l taurocholate led to an augmented disaccharide
hydrolysis, but the absorption of the liberated glucose
was diminished. A diminished glucose absorption could
also be demonstrated at lower taurocholate concentra-
tions (3 or 10 mmol/l). The inhibitory effect of tauro-
cholate on the absorption of glucose, liberated from
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Tab. 4. Jejunal sucrose absorption and net water movement in the presence of taurocholate (series 2) and taurochenodeoxycholate,

Explanations see table 2.

2 mmol/l Signif-  Control Signif- 30 mmol/l
Taurochenodeoxycholate icance icance Taurocholate
(335 mosmol/kg) (332 mosmol/kg) (335 mosmol/kg)
Number of the animals 4 6 6
Body weight (g) of the animals
(x + SD) 182.5 t 9.6 ns 183.7 +4.3 ns 190.2 +59
Length (cm) of the perfused
intestinal segment, (X + SD) 20.5 + 1.5 ns 19.8 t 14 ns 21.2 + 1.0
Sucrose hydrolysis
(monosaccharide, gumol/min) 0.7615 + 0.1398 s 0.5565 + 0.1061 s 0.6703 + 0.0854
Sucrose absor;_xtion . :
(monosaccharide, pumol/min) 0.3834 + 0.0560 s 0.3411 + 0.0568 s 0.3915 + 0.0758
Sucrose absorption
(% of sucrose hydrolysis) 52 11 62 5 58 +7
Glucose absorption
(umol/min) 0.2151 ¢+ 0.0321 ns 0.2077 £ 0.0340 ns 0.2245 + 0.0414
Glucose absorption )
(% of liberated glucose) S8 £ 12 76 +7 67 8
Fructose absorption
(umol/min) 0.1685 + 0.0287 s 0.1334 + 0.0238 s 0.1669 + 0.0373
Fructose absorption
(% of liberated fructose) 46 +1]12 48 +4 50 +7
Quotient glucose/fructose
absorption 1.290 + 0.153 s 1.565 +0.103 s 1.366 +0.148
Net water movement
(u1/min) -2.0 + 5.5 s -6.7 +5.0 s 6.1 +5.9
2 mmol/l Signif-  Control Signif- 30 mmol/l
Taurochenodeoxycholate icance icance Taurocholate
a b a b
Sucrose hydrolysis
(monosaccharide, umol/min) y =0.9135 - 0.0043 x s ns y= 0.7401-0.0052x s ns y = 0.8840 - 0.0061 x
Sucrose absorption
(monosaccharide, pmol/min) y = 0.4305 - 0.0013 x s ns y= 04268-0.0024x s ns y=0.4879 - 0.0028 x
Glucose absorption
(umol/min) y =0.2491 - 0.0010 x ns ns y= 0.2587-0.0015x ns ns y =0.2822 - 0.0016 x
Fructose absorption
(umol/min) y =0.1815 - 0.0004 x s ns y= 0.1684-0.0010x s ns y =0.2056 - 0.0011 x
Quotient glucose/fructose
absorption y=1.382 -0.0030x s ns y= 1536 +0.0010x s ns y =1.3780
Net water movement
(ul/min y= 0-0.0587 x s ns y=-7.0 +0.0087x s ns y=3.1 + 0.0888 x
Net water movement: + = “absorption”, — = *‘secretion™

maltose, was most pronounced at the beginning of the
intestinal perfusion. 60 minutes after starting the
experiment, the glucose absorption was in the same
range as that in the absence of taurocholate.

The distinct influence of 30 mmol/l taurocholate on the
absorption of glucose, liberated from either sucrose or
maltose, may be explained by different effects of tauro-
cholate on the special transport systems, which are
responsible for the absorption of monosaccharides
resulting from disaccharides (32—35). Besides different
effects of taurocholate on the sucrase- and maltase-

J. Clin. Chem. Clin. Biochem. / Vol. 16, 1978 / No. 12

related transport systems, an effect of the glucose con-
centration at the site of absorption must also be con-
sidered: The glucose concentration is higher during
perfusion with maltose than with sucrose, as the maltase
activity is greater than the sucrase activity. In addition,
sucrose hydrolysis liberates one glucose molecule from
one sucrose molecule, whereas two glucose molecules
originate from one maltose molecule. Perhaps the
inhibitory effect of 30 mmol/l taurocholate on the
glucose absorption occurs only with higher glucose con-
centrations. 4
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Tab. 5. Jejunal sucrose absorption and net water movement in the presence of bile. Explanations see table 2.

Pooled rat bile Significance Control

(290 mosmol/kg) (290 mosmol/kg)
Number of the animals 8 8
Body weight (g) of the animals (X = SD) 181.6 +10.3 ns 182.5 +9.2
Length (cm) of the perfused intestinal
segment (X * SD) 20.1 + 2.8 ns 19.1 +0.9
Sucrose hydrolysis )
(monosaccharide, umol/min) 0.6230 + 0.0906 s '0.7889 + 0.1477
Sucrose absorption
(monosaccharide, umol/min) 0.3694 + 0.0501 ns 0.3714 + 0.0824
Sucrose absorption (% of sucrose hydrolysis) 60 4 47. +7
Glucose absorption (umol/min) 0.2303 + 0.0309 ns 0.2423 + 0.0521
Glucose absorption
(% of liberated glucose) 75 ot 5 62 9
Fructose absorption (umol/min) 0.1391 = 0.0273 ns 0.1292 + 0.0340
Fructose absorption _ .
(% of liberated fructose) 45 +5 33 +6
Quotient glucose/fructose absorption 1.682 +0.173 S 1.924 =+ 0.286
Net water movement (ul/min) 11.0 +5.4 ns 10.3 + 6.2

Pooled rat bile Significance Control

ab

Sucrose hydrolysis
(monosaccharide, pumol/min) y = 0.7278 - 0.0029 x s ns y=0.9711 - 0.0029 x
Sucrose absorption
(monosacharide, umol/min) y =0.3877 - 0.0005 x ns ns y =0.3763 - 0.0001 x
Glucose absorption (umol/min) y =0.2393 - 0.0003 x ns ns y =0.2417
Fructose absorption (umol/min) y =0.1484 - 0.0003 x ns ns y =0.1345 - 0.0002 x
Quotient glucose/fructose absorption y=1.610 +0.0020 x s ns y =1.860 + 0.0020 x
Net water movement (ul/min)

y=178 +0.0903 x

ns ns

y=8.2 + 0.0596 x

Net water movement: + = ‘““absorption”, — = “secretion”

Tab. 6. Ileal sucrose absorption and net water movement in the presence of taurocholate, series 1. Explanations see tab. 2.

10 mmol/l Taurocholate

Significance Control
(302 mosmol/kg) (290 mosmol/kg)
Number of the animals 8 8
Body weight (g) of the animals (X + SD) 262.5 +9.6 ns 260.6 +17.8
Length (CI’!_'I) of the perfused intestinal
segment (X *+ SD) 20.7 + 3.3 ns 20.8 + 1.6
Sucrose absorption
(monosaccharide, umol/min) 0.1495 £ 0.0602 ns 0.1628 + (.0485
Net water movement (ul/min) 153  £5.2 ns 134 6.1
10 mmol/l Taurocholate Significance Control '
a b
Sucrose absorption
(monosaccharide, umol/min) y= 0.1931-0.0012x . ns ns y =0.1537 + 0.0003 x
Net water movement (ul/min) y=134 +0.0550 x ns ns

- y=6.8 +0.1948 x

Net water movement: + = “absorption™, — = **

secretion”
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Fig. 1. Accumulation of PAS-positive material at the top of the villi and increased exfoliation of cells at this site after perfusion with
hypertonic solutions (left side). Unchanged mucosal structure after perfusion with isotonic solutions (right side) (PAS,
X 200).

2 mmol/l taurochenodeoxycholate enhanced the sucrose
hydrolysis and the sucrose absorption in the jejunum.
The increased sucrose absorption was the result of an
augmented fructose absorption while the glucose absorp-
tion was unchanged.

In the experiments performed with pooled rat bile, a
physiological bile acid concentration (5.6 mmol/l) was
established. The presence of bile inhibited the sucrose
hydrolysis, whereas the sucrose absorption was not
altered: The glui:ose absorption was reduced, and the
fructose absorption was enhanced in the same degree,

so that the sum of both remained constant. The quotient
glucose/fructose absorption was reduced.

The ileum is the site of active bile acid absorption. This
active transport is not inhibited by glucose (28). On

the other hand, the ileal sugar absorption may be altered
by bile acids: In vitro-experiments in the rat showed
inhibitory effects of taurocholate and glycocholate on
the ileal monosaccharide absorption (1, 17). The absorp-
tion of monosaccharides liberated from sucrose or
maltose was also diminished in spite of an unchanged
disaccharide hydrolysis (1). In contrast to these results,

our experiments showed that 10 mmol/l taurocholate had
no effect on the hydrolysis of sucrose and the absorption
of its split products. An explanation for the partial dis-
cordance of our results, compared to the data in the
literature, may be given by the different experimental
designs: The inhibitory effects of taurocholate and
glycocholate on the absorption of free monosaccharides
(1, 17) and of monosaccharides, liberated from di-
saccharides (1), were proved by in vitro-techniques,
whereas in the present investigation in vivo-techniques
were used. In man, the ileal monosaccharide absorption
was not altered by glycocholate (20).

2 mmol/l taurochenodeoxycholate caused a decreased
sucrose hydrolysis and absorption. The relation glucose/
fructose absorption remained unchanged. It must be
considered whether this inhibitory effect of tauro-
chenodeoxycholate on the ileal absorption of glucose
and ffuctose was caused by a diminished offer of these
monosaccharides as a consequence of the decreased
sucrose hydrolysis. The rate limiting factor for di-
saccharide absorption is not the hydrolysis of the di-
saccharide but the absorption of the split products (36):

J. Clin. Chem. Clin. Biochem. / Vol. 16, 1978 / No. 12
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In all our experiments unabsorbed monosaccharides
could be found in the perfusate. On the premise

that only the ileal sucrose hydrolysis was diminished
by taurochenodeoxycholate with unchanged function
of the monosaccharide transport systems, the

relative monosaccharide absorption, i. e. the absorption
expressed as a percentage of the liberated mono-
saccharide, should have been increased. In reality, the
relative monosaccharide absorption was unchanged
(table 7), so that an inhibition of the glucose and
fructose transport systems in addition to a diminished
sucrose hydrolysis must be postulated. Gray & Ingel-
finger (37) described a smaller sucrose hydrolysis in the
ileum than in the jejunum of man. Moreover, these
authors could prove that in comparison to the situation
in the jejunum, the absorption of the split products in
the ileum was even more diminished than the di-
saccharide hydrolysis. These results in man where
confirmed in the rat by the present results: The sucrose
hydrolysis in the ileum amounted to 59% of that in the
jejunum. The relative absorption of the sucrose split
products was 76 % (glucose) and 48 % (fructose) in the
jejunum and 60% (glucose) and 32% (fructose) in the
ileum.

The results for the net water movement showed a great
interindividual scattering within each experimental
group of animals. In an isotonic solution 3 mmol/l
taurocholate had no effect on the jejunal net water
movement (‘‘absorption’), whereas 10 mmol/l caused
a decreased water absorption. A similar concentra-
tion-dependent effect of taurocholate on the jejunal
water absorption was described in the hamster (2). In
in vivo-experiments in the rat 5 mmol/l taurocholate
inhibited (18) or did not alter (8) the jejunal water
transport. In our experiments, the application of a
hypertonic bile acid-free perfusion fluid caused a net
water movement from the tissue to the lumen (“‘secre-
tion”) of the jejunum. This secretion was inhibited by
10 mmol/l or 30 mmol/l taurocholate as well as by

2 mmol/l taurochenodeoxycholate. From these results
we conclude that the effect of taurocholate on the
jejunal water transport not only depended on the bile
acid concentration but also on the osmolality of the
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perfusion fluid. Pooled rat bile in an isotonic solution
had no effect on the jejunal net water movement.

In the ileum 10 mmol/l taurocholate in an isotonic
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or cholate had also no effect (20). 2 mmol/l tauro-
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a significant reduction of the ileal water absorption.
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