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Summary

Fluid transport was measured gravimetrically in vivo in the jejunum, ileum and colon of fed, fasting (four days) and
undernourished (50 % of control food intake for 21 days) gerbils (Gerbillus cheesmani). The effects of luminal
enterotoxin Escherichia coli STa (50 ng/ml) and luminal 8-bromo-cyclic GMP (cGMP 1 mM) on fluid transport across
jejunum, ileum and colon were also assessed. Fasting and undernourishment reversed the normal basal fluid absorption
measured in fed ileum and colon into secretion. Neither fasting nor undernourishment had any effect on jejunal basal
fluid absorption. In jejuna, ilea and colons of fed animals as well as in jejuna from fasting and undernourished gerbils
STa (50 ng) reversed the normal absorptive “tone” to secretion but it had no significant effects on fluid secretion in
either the ileum or colon from fasted gerbils. STa increased significantly the fluid secretion in ileum from
undernourished gerbils. Luminal cGMP had no effect on basal absorptive tone in the jejunum of fed and fasted gerbils,
but reversed absorption into secretion in the jejuna from undernourished gerbils. In the ilea taken from fed animals the
small basal absorption was reversed to secretion by luminal cGMP. Although cGMP produced no significant changes in
fluid secretion in the ilea taken from fasted gerbils, yet it caused a significant increase in those from undernourished
gerbils. In the colon taken from fed animals cGMP decreased the basal fluid absorption significantly, but it had no
significant effect on fluid secretion in the colon of fasted or undernourished gerbils. We conclude that fasting and
undernourishment have no significant effects on fluid transport across the gerbil jejunum but reversed basal absorption
in the fed ileum and colon into secretion. cGMP mimic the effects of STa in the jejunum taken from undernourished
gerbils, in the ileum obtained under the three nutritional states and in the colon taken from fasting animals.
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Introduction (1994 a,b) suggested that the marked effects of fasting on
intestinal epithelial function partially depend on

Fasting and malnutrition increase intestinal  regulation of the intestinal epithelium by the enteric
secretion of ions and fluid both under basal conditions  nervous system. Hayden and Carey (2000) also
and in response to secretory agonists. Nzegwu and Levin  concluded that fasting enhanced enteric neural control of
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basal ion transport and increased paracellular
permeability in piglet jejunum. In rats, the basal fluid
movement in the small intestine measured in vivo showed
strong similarities with the electrogenic secretion
obtained in vitro (Young and Levin 1990a,b). Al-Balool
(2002) reported that starvation increased the basal short
circuit current (Isc) across the proximal and middle colon,
but had no effect on that across the distal colon. In their
review on intestinal transport during fasting and
malnutrition, Ferraris and Carey (2000) reported that
fasting and malnutrition had been shown to induce a shift
in basal ion transport in the small intestine from a neutral
state or net absorptive flux to a more secretory state.

The enterotoxin E. coli STa induces fluid
secretion in rat small (Nzegwu and Levin 1994c¢, Mourad
and Nassar 2000) and large intestine (Nzegwu and Levin
1996). STa binds to a guanylin receptor and causes an
elevation in cGMP (Huott et al. 1988, Cohen et al. 1993).
In the present study the effects of fasting and
undernourishment on fluid transport across the gerbil
large intestine were investigated to find whether the fluid
movement in large intestine of gerbil match the
electrogenic secretion responses, as in the rat. In addition,
we also tried to characterize the fluid absorptive and
secretory behavior of the jejunum, ileum and colon in
fasted and undernourished gerbil in vivo under basal
conditions and after stimulation with the bacterial toxin
E. coli STa and cyclic nucleotide GMP.

Methods

Animals and diet

Gerbils (Gerbillus cheesmani) of both sexes,
body weight 36-40 g, were captured from the desert and
kept in an animal house for at least three weeks before
use. Three nutritional groups were used. The fed group
gerbils had free access to water and food (SDS Rodent
maintenance diet, Essex, England) and were held in
rooms maintained at 27+2 °C. The lights were on from
05:00 h until 17:00 h at 50 % humidity. In the fasted
group, water was given ad libitum, but food was removed
for 4 days before the experiment. A chronically
undernourished group was housed in individual cages and
was fed 50 % of the control food intake for 21 days. The
animals were housed routinely in plastic cages with wire-
mesh floors to reduce coprophagy.

Chemicals
All the chemicals were obtained from Sigma.

Methods

Fluid movements were measured in anesthetized
gerbils (thiopentone sodium (30 mg/kg body weight, i.p)
in vivo using the gravimetric technique as described
previously by Young and Levin (1992). Approximately
0.25-0.5 ml of 0.9 % NaCl was instilled into the ligated
loops (6-7 cm length) from a weighed, fluid filled syringe
(A g). The syringe was then reweighed (B g) and the
weight of fluid instilled, just sufficient to distend the
loop, was calculated by difference the A-B g. Fluid
movement into and out of the loops was left for 30 min.
At the end of the period the loop was excised, blotted free
of excess fluid and weighed (C g). It was then cut,
opened, drained, blotted and reweighed (D g@). The
amount of fluid recovered was obtained by subtraction
(C-D g). The net movement of fluid into or from the loop
was calculated as [(C-D)-(A-B)] g. If absorption had
taken place, there was a net loss of fluid from the loop
and the sign of fluid movement is given as negative, but
if secretion had occurred there was a net gain of fluid into
the loop and the sign of the fluid movement is given as
positive

The experiments to assess the effects of luminal
STa or cGMP were conducted by instilling 0.25-0.5 ml of
0.9 % NaCl containing either STa (50 ng/ml) or 1 mM
cGMP into the lumen of the closed loop for 30 min.

The results are expressed as mg/cm/30 min, and
are given as the mean + S.E.M. Statistical significance
was assessed using Student’s unpaired t-test and the data
of the different groups were compared by the one-way
ANOVA test (SPSS program Windows Version 7).
Differences were considered significant when P<0.05.

Results

Basal fluid transport measured in jejunum, ileum and
colon.

In order to confirm that the increases in
electrogenic transport activity in the fasted colon
(Al-Balool 2002) were a valid index of fluid secretion, a
series of experiments were undertaken to measure fluid
movements across the colon. In addition, the basal fluid
transport was also studied in the jejuna and ilea taken
from fed, fasted and undernourished animals. The effects
of starvation and undernourishment on basal fluid
transport measured in the jejunum, ileum and colon are
shown in Table 1.
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Table 1. Basal fluid transport measured in vivo in the jejunum,
ileum and colon of fed, fasted and undernourished gerbils.

Basal fluid transport (mg/cm/30 min)

Jejunum lleum Colon
Fed -12.7+1.6 [6] -2.7+1.8 [8]* -14.0+0.6 [6]"
Fasted —-12.4+1.9[5] +11.9+0.6[5]° +7.0+0.6 [6]°
Under-

nourished —11.3+1.6 [4] +9.1+0.7 [5]° +11.3+1.4 [5]'

Results are given as mean + S.E.M. with the number of animals
used in square brackets. Absorption from the lumen is assigned a
minus sign and secretion into the lumen a plus sign. Significant
differences: a vsb, d vse, d vsf < 0.001; a vsc <0.01
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Fig. 1. Effects of luminal STa (A) or 8-bromo-cyclic GMP (B) on
fluid transport in jejunum. Gross fluid transport (mg cm™ (30
min) ") measured in the jejunum from fed, fasted and chronically
undernourished gerbils. Data are shown as the mean + S.E.M.
with number of animals in brackets. STa (50 ng in 1 ml 0.9 %
NaCl); cGMP (1 mM). Positive values represent secretion,
whereas negative values indicate absorption. Significant
differences: b vsd, b vsf p<0.001, ¢ vsh p<0.05.

Fasting and undernourishment did not change
the absorption of fluid in the jejunum significantly.
However, fasting dramatically reversed the normal basal
absorptive tone in the ileum and colon measured in fed
animals into a secretory one. Similarly, the basal

absorptive tone of fed animals reversed to secretion in the
ileum and colon from undernourished gerbils.
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Fig. 2. Effects of luminal STa (A) or 8-bromo-cyclic GMP (B) on
fluid transport in the ileum. Gross fluid transport (mg cm™ (30
min) %) measured in the ileum from fed, fasted and chronically
undernourished gerbils. Data are shown as the mean + S.E.M.
with number of animals in brackets. STa (50 ng in 1ml 0.9 %
NaCl); cGMP (1 mM). Positive values represent secretion,
whereas negative values indicate absorption. Significant
differences: b vsd, e vsf p<0.001, b vsf,c vsh, c vsd, e vsi,
p<0.05.

Effects of enterotoxin STa on fluid transport across
jejunum, ileum and colon from fed, fasted and
undernourished gerbils.

The effects of STa on fluid transport across
jejunum, ileum and colon from fed, fasted and
undernourished gerbils are shown in Figs. 1A, 2A and
3A, respectively. In jejuna taken from gerbils with the
three feeding conditions (Fig. 1A) STa reversed the
normal absorption into secretion and the amount of fluid
secreted as a result of the presence of STa in the jejuna
taken from fasted and undernourished animals were
significantly higher than in the jejuna of fed gerbils. In
the ileum (Fig. 2A), the basal fluid absorption in fed
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animals was converted to secretion. Fluid secretion in the
presence of STa was enhanced in the ilea taken from
fasted and undernourished gerbils. llea taken from fasted
and undernourished gerbils showed a significant increase
in fluid secretion in the presence of STa.

In the colon taken from fed gerbils (Fig. 3A)
STa produced similar effects as in the jejunum and ileum,
i.e. absorption changed into secretion. In the colon taken
from fasted animals, STa did not produced any significant
change in the fluid from that observed in its absence.
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Fig. 3. Effects of luminal STa (A) or 8-bromo-cyclic GMP (B) on
fluid transport in the colon. Gross fluid transport (mg cm™ (30
min) ) measured in the jejunum from fed, fasted and chronically
undernourished gerbils. Data are shown as the mean + S.E.M.
with number of animals in brackets. STa (50 ng in 1ml 0.9 %
NaCl); cGMP (1 mM). Positive values represent secretion,
whereas negative values indicate absorption. Significant
differences: a vs g, p<0.005, ¢ vs h, p<0.05.

Effects of luminal 8-bromo-cyclic GMP on fluid transport
across jejunum, ileum and colon in fed, fasted and
undernourished gerbils.

One action of the enterotoxin STa is to activate
the secretion by raising cGMP concentrations in the
enterocytes (Field et al. 1978). This induces electrogenic

CI” secretion and inhibits electroneutral NaCl absorption
(Guandalini et al. 1982). Luminal instillation of a lipid-
soluble derivative of cyclic GMP also induces fluid
secretion in the rat (Eklund et al. 1986, Nzegwu and
Levin 1994c). This secretogogue allows to activate the
Sta-dependent secretory mechanisms in the intestine
without the presence of STa.

The effects of 1 mM cGMP on fluid transport
across jejunum ileum and colon in fed, fasted and
undernourished gerbils are shown in Figs. 1B, 2B and 3B.
In jejunum of fed animals, cGMP produces no significant
changes but in the jejunum taken from fasted gerbils,
cGMP significantly  decreased fluid  absorption.
Therefore, in the jejunum taken from fed and fasted
animals cGMP failed to mimic the effects of STa.
However, cGMP converted absorption into secretion in
the jejunum taken from undernourished gerbils. This is an
effect similar to that of STa.

In the ileum, cGMP produces the same effects as
STa in the three feeding conditions, i.e. it changed fluid
absorption into secretion in the ilea taken from fed
gerbils. It produced no significant effects on fluid
secretion in fasted ileum, but significantly increased fluid
secretion across the ileum taken from undernourished
gerbils. In the colon, cGMP failed to convert normal
absorption into secretion in fed animals as STa, but it
decreased absorption in this region. Similar to the action
of STa, cGMP did not change fluid secretion in the colon
taken from fasted animals.

Discussion

The results of the present study have shown
clearly that fasting and undernourishment have different
actions on fluid transport in the jejunum, ileum and
colon. In the absence of any secretory stimulant, the
jejuna from fed controls, fasted and undernourished
gerbils displayed a basal absorptive tone which was not
significantly different. However, measurement of ileal
fluid movement in vivo showed that in fed gerbils the
basal, unstimulated “tone” of the ileum was absorption
which changed to secretion after four days of fasting.
These results agree with those in rats where Young and
Levin (1990a,b, 1992) found that when compared with
fed animals fasting for three days caused no change in the
jejunum fluid transport, but changed the absorptive tone
into net secretion in the ileum.

Fasting increased the basal Isc of proximal and
mid colon only while undernourishment increased the
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basal Isc of the three regions of the colon (Al-Balool
2002). One of the objectives of the present study was to
see whether electrogenic and fluid transport in the colon
match one another. The colon from the fasted gerbils
behaves similarly to that of the ileum, i.e. the basal fluid
absorption is changed after 4 days of fasting to secretion.
Both the ileum and colon from undernourished animals
showed a greatly enhanced secretion when compared
with the fed ones. Therefore, fluid movements in the
large intestine of gerbils measured in vivo showed strong
similarities with the electrogenic secretion. In gerbils,
there were differences between partially nutritionally
deprived animals  (undernourished) and totally
nutritionally deprived (fasted) animals; four days of
fasting caused a small but significant increase in basal Isc
of jejunum and ileum, while undernourishment caused a
greater increase in Isc (unpublished data).

It may be of interest to mention that Cooke and
Carey (1990) reviewing the level of enteric tonic neural
activity influencing basal ion transfer in vitro (measured
as the short circuit-current) and basal ion and fluid
transfer measured in vivo, reported that the conflicting
results were probably caused by factors such as luminal
content and stretch of the gut wall affecting the neural
activity at the time of removal or measurement.

In both small (jejunum and ileum) and large
intestine (colon) of fed gerbils, STa (50 ng/ml) changed
the normal basal absorption into secretion. In fasted
animals, STa reversed the fluid absorption into secretion
in the jejunum and increased fluid secretion in the ileum.
STa converted basal fluid absorption into secretion in
jejuna and produced a significant increase in fluid
secretion in ilea from undernourished gerbils.

Therefore, STa increased fluid transport across
the three regions of the intestine in the three feeding
conditions. It converted fluid absorption into secretion in
jejuna from fed, fasted and undernourished gerbils as well
as in the ilea and colon taken from fed animals. STa also
increased fluid secretion in fasted and undernourished
ilea. Using the same dose STa as in the present paper,
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