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Abstract

Gastrointestinal motor abnormalities may account for dyspeptic symptoms of chronic uremia
patients.  However, the data on gastric emptying are conflicting in human studies.  We, therefore,
assessed gastric emptying and gastrointestinal transit in a rat uremia model.  Chronic uremia was
induced by five-sixths nephrectomy in the rats.  After 20-hour fasting, the rats were loaded with 70 glass
beads as solid markers through a gastric catheter.  Two hours later, the stomach was exposed and the
small intestine was equally divided into 10 segments.  The glass beads in the stomach and in each
intestinal segment were counted.  The gastric emptying was expressed as the ratio of the number of glass
beads in the small intestine to that counted from the entire gastrointestinal tract.  The intestinal transit
was assessed by analyzing the geometric center of the distribution of glass beads in the intestinal
segments.  Two conventional nonabsorbable markers, radioactive chromate and charcoal, were also
used to evaluate gastric emptying and intestinal transit in the fasted state.  Additionally, similar
experiments of glass beads were performed in the fed state.  It was found that, in the fasted state, the
gastric emptying and the intestinal transit of liquid or solid markers were little affected by uremia.  In
the fed state, however, chronic uremia significantly decreased the intestinal transit but hardly affected
the gastric emptying.  We conclude that the postprandial intestinal transit, but not the gastric emptying,
of solid markers may be decreased in the fed state by chronic uremia in a severity-dependent manner of
a rat model, which resembles the findings in uremic patients.
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Introduction

Abdominal distension, anorexia, nausea,
vomiting and earlier satiety are symptoms which
almost invariably accompany chronic uremia (23,
27), but little is known about the mechanisms
responsible. Although the etiology of these symptoms
is unclear, delayed gastric emptying has been proposed
as a possible cause of these symptoms (27).  However,
gastric emptying studies have shown conflicting
results in human studies.   Some patients on

maintenance dialysis treatment, whether or not
symptomatic, have normal liquid and solid emptying
times, as determined by radioisotope studies (31, 42,
49) or by radiopaque markers (2, 14), while some
patients have delayed gastric emptying demonstrated
by radioisotope studies (1, 24) or ultrasonography
(12). In addition, uremic patients not on dialysis have
normal (14, 17) or delayed gastric emptying (1, 31,
36).  The physical presence of peritoneal dialysate
retards solid emptying (2).  Prolonged oral-cecal
transit times have been shown in chronic uremic
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patients whether or not treated by maintenance
hemodialysis (13).  The uncertainty about the
gastrointestinal motility changes in the human studies
is likely to be attributed to a variety of underlying
systemic or renal diseases, which can finally lead to
uremia.  We, therefore, assessed the gastric emptying
and the gastrointestinal transit in a rat model of
chronic uremia that was solely induced by five-sixths
nephrectomy.

In contrast to human studies, the gastrointestinal
motility studies in rats are usually performed in the
fasted state (8, 21) rather than in the fed state for
eliminating interference caused by the presence of
food.  Radiochromium and charcoal, in a calorie-free
liquid test meal, are the two most frequently employed
markers for these transit studies (4).  Studies with
these two nonabsorbable markers have revealed the
stimulation effect of substance P (20, 41) and the
inhibition effect of substance P antagonist on the
gastrointestinal transit (21).  Inhibition of gastric
emptying caused by acute hyperglycemia in normal
subjects (29, 35) and by diabetes mellitus (16, 22) has
also been similarly observed in the normal rats (6)
and the diabetic rats (5) by means of these markers.  It
demonstrates that both radiochromium and charcoal
are adequate and useful markers for measuring the
gastric emptying in rats.  However, employment of
solid markers for measurement of the gastrointestinal
transit in rats is rare (28) and little information on the
intestinal transit is available for uremic rats (37).  We,
therefore, examined the effect of chronic uremia on
the gastric emptying and the intestinal transit using
three different markers in a rat uremia model.

Materials and Methods

Animals

The experiments were conducted on 85 Sprague-
Dawley male rats three months old and weighing
between 250 to 300 g.  The animals were maintained
in individual metabolic cages with the room
temperature controlled at 22°C on a 12-hour light-
dark cycle.  The rats received regular rat chow
(Laboratory Rodent Diet 5001, Purina Feeds Inc., St.
Louis, MO 63144, USA) and tap water ad libitum.
The rats were matched for weight and divided into
two groups.  One group, the control rats, were not
operated.  The other group, the uremic rats, were
induced by a two-stage, five-sixths nephrectomy.
The upper and lower poles of the left kidney were first
removed.  One week later, the entire right kidney was
then removed (43, 50).  Three more weeks later, the
experimental procedures were carried out on all the
rats, when the plasma creatinine and the urea nitrogen
levels of the uremic rats were constantly elevated.

Measurement of Gastric Emptying and Gastrointestinal
Transit

Sixteen control rats and 14 uremic rats were
used to s tudy the gastr ic  emptying and the
gastrointestinal transit of both liquid marker and fine
solid powder simultaneously.  After fasting for 20
hours and at 9 AM on the experimental day, the rats
were orally given physiological saline (3 ml/kg)
containing Na2

51CrO4 (0.5 µCi/ml) and 10% charcoal
powder via a catheter (PE-205, ID 1.67 mm, OD 2.42
mm, Clay Adams).  The test meal solution was
continuously stirred before instillation.  Additional
air (0.5 ml) was added to flush into the rats the
residual charcoal suspension remaining in the catheter.
They were decapitated exactly 15 min later.  The
stomach and the small intestine were exposed
immediately by a laparotomy.  After  ligation of the
esophagogastric, gastroduodenal and ileocecal
junctions, the whole stomach and the small intestine
were carefully mobilized and laid on a wooden board
to observe the front, indicating the leading edge of the
charcoal moving in the intestine.  The small intestine
was then equally divided into 10 segments.  The
radioactivity in the stomach and each segment of the
small intestine were measured with an automatic
gamma counter (1470 Wallac, Pharmacia, Turku,
Finland).  The gastric emptying was expressed as the
ratio of the amount of labeled chromium in the small
intestine to the total radioactivity detected from the
stomach and the small intestine (7, 20).  The intestinal
transit was assessed by analyzing the geometric center
of the distribution of radioactivity through these 10
equal-length segments (33).  The gastrointestinal
transit was also analyzed by expressing the charcoal
transit ratio of the length of the small intestine where
the charcoal had traversed to the total length of the
small intestine.

Another 17 control rats and 16 uremic rats were
used to study the gastric emptying and the intestinal
transit of solid markers in the fasted state.  Glass
beads (Sigma), 1 mm in diameter, were used as
nondigestible, nonabsorbable solid markers.  After
20-hour fasting and at 9 AM on the day of experiment,
the rats were orally loaded with 70 glass beads in
physiological saline solution (3 ml/kg) through a
gastric catheter.  Two hours later, the rats were killed.
The 2-hour test period was selected because the leading
bead after this period had traveled 80% of the small
intestine and no beads could be found in the cecum.
The stomach was then exposed and the small intestine
was equally divided into 10 segments.  The glass
beads in the stomach and in each intestinal segment
were counted.  The gastric emptying was expressed as
the ratio of the number of glass beads in the small
intestine to that counted from the entire gastrointestinal
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tract.  The intestinal transit was assessed by analyzing
the geometric center of the distribution of glass beads
in these 10 intestinal segments.

Under natural circumstances, the stomach and
the intestine of a free-feeding rat always have some
food present (45, 46).  Thus, other 11 control rats and
11 uremic rats were used to study the gastric emptying
and the intestinal transit of solid markers in the fed
state.  The rats were fasted for 20 hours but gained
free access to water before experiment.  On the day of
experiment, the fasted rats were allowed to eat up
1.2 g powdered rat chow (equivalent to 4.8 Kcal) in 20
min.  Then at 9 AM, 70 glass beads were orally loaded
to the rats via a gastric catheter.  Two hours later, the
rats were killed and the gastric emptying and the
intestinal transit of the glass beads were analyzed in
the same manner as the above.

Analytical Methods

Twenty-four-hour urine sample of each rat was
collected from the metabolic cage on the day of ex-
periment.  The shed blood samples during decapitation
were also collected for determining plasma osmolality,
urea nitrogen and creatinine.  Osmolality was
determined by freezing point depression with an
osmometer (Model 3MO Plus, Advanced Instruments).
Urea nitrogen and creatinine in plasma as well as in
urine samples were analyzed with a Beckman BUN
Analyzer 2 and a Beckman Creatinine Analyzer 2
(Beckman) respectively.  Clearance of creatinine (CCr)
was measured from timed 24-hour urine collection,
according to the standard formula CCr = UCrV/PCr,
where UCr and PCr represent the concentrations of
creatinine in urine and in plasma respectively and V
stands for the urine flow rate in ml/min (47).

Statistical Analyses

Analysis of variance and Student’s t-test were
used to analyze the data that were expressed as mean
± standard error of the mean.  P values less than 0.05
were considered significant (10).

Results

Rat Uremia Model

Table 1 shows that three weeks after five-sixths
nephrectomy, plasma urea nitrogen, plasma creatinine
and plasma osmolality were significantly elevated in
the uremic rats compared with those in the controls
rats.  All these findings resemble those in human
uremia.  The diminution of renal mass following
nephrectomy was verified by the decrease in creatinine
clearance in all uremic rats.

Gastrointestinal Transit of Radioactive Chromate and
Charcoal

Table 2 shows that 15 min after markers were
loaded, the uremic rats and the control rats had the
similar gastric emptying of radioactive chromate, the
similar gastrointestinal transit of charcoal, and the
similar intestinal transit of radioactive chromate.
These results indicate that gastrointestinal transit of
liquid and fine powdered solids was not altered by
chronic uremia when no food was present in the
gastrointestinal tract.

Gastrointestinal Transit of Solid Markers

Table 3 shows that two hours after glass beads
were loaded, there was no significant difference in
the gastric emptying and the intestinal transit between
the uremic rats and the control rats in the absence of
food in the gastrointestinal tract.  When the rats
consumed 1.2 g rat chow, the postprandial intestinal
transit of glass beads in the control rats was
significantly (P < 0.02) increased in the fed state
compared with that in the fasted state.  After ingesting
the same amount of food as the control rats, the
uremic rats had a significant (P <0.01) delay in the
intestinal transit, while no significant change in the
gastric emptying was noted.  This intestinal transit of
glass beads correlated well with the severity of chronic
uremia.  Fig. 1 depicts the negative correlation, with

Table 1.  Laboratory Data in Control Rats and Chronic Uremic Rats

Control rats Uremic rats

Number of rats 44 41

Plasma urea nitrogen (mg/dl) 14.6 ± 0.4 47.9 ± 2.2*
Plasma creatinine (mg/dl) 0.49 ± 0.01 1.06 ± 0.04*
Plasma osmolality (mOsm/kg H2O) 300 ± 1 315 ± 2*
Creatinine clearance (ml/min) 1.98 ± 0.07 0.83 ± 0.03*

Values represent means ± standard error of the mean. * P < 0.001 compared with control rats.
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a P value less than 0.01, between plasma urea nitrogen
level and the intestinal transit expressed by the
geometric center. In addition, Fig. 2 depicts a positive
correlation, with a P value less than 0.01, between
creatinine clearance and the intestinal transit of glass
beads.

Discussion

Radiochromium in the form of Na2
51CrO4 and

charcoal in the form of fine powder are two
convent ional  markers  employed to  measure
gastrointestinal transit in the rats (21).  The

Table 3. Gastrointestinal Transit of Glass Beads in Control Rats and Chronic Uremic Rats Both in Fasted and in
Fed states

State Gastric emptying Intestinal transit
% GC

Control rats (n = 17) Fasted 72.5 ± 6.3 5.72 ± 0.45
Uremic rats (n = 16) Fasted 77.3 ± 6.2 6.35 ± 0.44
Control rats (n = 11) Fed 77.8 ± 3.2 7.18 ± 0.29*
Uremic rats (n = 11) Fed 74.7 ± 4.2 6.17 ± 0.16#

Values represent means ± standard error of the mean. * P < 0.02 compared with control rats in the fasted state.  # P <
0.01 compared with control rats in the fed state.  The gastrointestinal transit was measured 120 min after oral loading of
70 glass beads.

Fig. 1. Correlation between plasma urea nitrogen levels and the intestinal
transit of glass beads in both control rats (open circles, n = 11) and
uremic rats (solid circles, n = 11) in the fed state.  The intestinal
transit was evaluated by measuring the geometrical center of glass
beads distribution in the ten intestinal segments 120 min after oral
loading of 70 glass beads.

Table 2.  Gastrointestinal Transit of Radioactive Chromate and Charcoal in Control Rats and Chronic Uremic rats

Control rats Uremic rats

Number of rats 16 14
Gastric emptying of radioactive chromate (%) 50.1 ± 5.2 41.6 ± 4.2
Gastronintestinal transit of charcoal (%) 40.5 ± 1.9 42.8 ± 1.5
Intestinal transit of   radioactive chromate, GC 3.24 ± 0.15 3.19 ± 0.10

Values represent means ± standard error of the mean.  P values > 0.2 compared with controls.  The gastrointestinal transit
was determined l5 min after oral loading of radioactive chromate together with charcoal.  GC indicates geometric center
of marker distribution in the ten intestinal segments observed.

Fig. 2. Correlation between creatinine clearance and the intestinal transit
of glass beads in both control rats (open circles, n = 11) and uremic
rats (solid circles, n = 11) in the fed state.  The intestinal transit was
evaluated by measuring the geometrical center of glass beads
distribution in the ten intestinal segments 120 min after oral
loading of 70 glass beads.
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combination of the gastric emptying and the intestinal
transit can be simply estimated by treating the
gastrointestinal transit as a whole by gauging the
leading edge of charcoal.  With radiochromium as a
liquid marker, however, both the gastric emptying
and the intestinal transit can be simultaneously and
individually measured because the intraluminal
content of radiochromium can be accurately
determined in the stomach and in the intestinal
segments (4).  It has been shown that the intestinal
transit can be best estimated by the determining the
geometric center (33).  All motility studies should be
performed at a certain fixed time to avoid the effect of
circadian rhythm (44).  Following the same procedures
and precautions, the present findings with respect to
the gastric emptying and the intestinal transit in the
control rats are in accordance with those reported by
many others (3-8, 20, 21, 38, 41).  Table 2 shows that
the uremic rats and the control rats have no significant
differences in these three gastrointestinal motility
parameters.  It appears that chronic uremia induced
by five-sixths nephrectomy may not influence the
interdigestive gastrointestinal motility in a fasted rat
model.

It has been reported that liquid and solid meals
in humans are emptied from the stomach at different
rates (49).  The liquid emptying is rapid in an
exponential manner, whereas the solid emptying is
relatively slow in a linear fashion (1, 34).  This
difference between the liquid and solid gastric
emptying is also seen in rats (38).  The solid markers
with the size of 1 mm in diameter were used in this
study and others (28).  Nevertheless, more markers,
70 glass beads in this study against 20 polystyrene
beads, were adopted in each experiment for obtaining
more accurate estimation.  Two hours after the loading
of glass beads, the gastric emptying of glass beads of
the control rats was found to be 72.5 ± 6.3%, identical
to 72.7 ± 8.6% in the fasted control rats of polystyrene
beads as solid markers (28).  The results of glass
beads and polystyrene beads on the intestinal transit
in terms of geometric center are also compatible.
Since no significant differences in both gastric
emptying and intestinal transit were observed between
the control rats and the uremic rats (Table 3), it seems
that chronic uremia may not alter the gastrointestinal
motility in the fasted state.

It has been reported that electrical spiking
activity of the small intestine is quite different between
the fed state and the fasted state as recorded in the
same rat (39).  Ingestion of a meal induces a distinct
change in the myoelectrical activity in the small
intestine.  Regularly occurring myoelectrical
complexes are replaced with an irregular spiking
activity, which lasts for 2 to 3 hours in the rat (39).
The intestinal transit is not necessarily the same in the

postprandial period as in the interdigestive period
(48).  Thus the experimental results obtained in the
fasted rats cannot be directly translated to the
postprandial situation.  After the fasted rats were fed
with 1.2 g of rat  chow in powder form, the
gastrointestinal transit of glass beads was studied
over a 2-hour postprandial period.  In the control rats,
the postprandial gastric emptying did not differ
significantly from that in the fasted state.  However,
the postprandial intestinal transit of glass beads
significantly (P < 0.02) increased compared with that
in the fasted state (Table 3).  Kotal et al. (25) reported
that fasting decreases the intestinal motility evidenced
by a significant increase in the intestinal transit time
of the fasted Wistar rats.  The present results in the
control rats agree with their findings.

This study is the first to examine the effect of
chronic uremia on the intestinal transit in a rat model.
In contrast to the findings in the fasted state, we found
that the intestinal transit of glass beads considerably
decreased in the uremic rats in the fed state (Table 3).
This decrease in the postprandial intestinal transit is
consistent with the findings in human investigations
such as El-Lakany et al. who reported that uremic
patients had longer oral cecal transit times (13).  In
the present study, stagnation of the postprandial
intestinal motility in the uremic rats was of such a
statistical significance (P < 0.01) that it seems unlikely
to be purely fortuitous.  Since good correlations were
found between the intestinal transit and plasma urea
nitrogen (Fig. 1) and also between the intestinal transit
and creatinine clearance (Fig. 2), the decrease in the
intestinal transit of chronic uremia exists in a severity-
dependent manner.

We have no explanation as to the underlying
mechanism by which the intestinal transit of glass
beads decreased in the uremic rats.  It has been shown
that acute hyperglycemia retards the duodenal-cecal
transit in normal subjects (11, 18, 40) and decreases
the gastrointestinal transit in rats (5).  Glucose
intolerance has been frequently observed in patients
with chronic uremia (15, 30).  Previous studies in our
laboratory have revealed that the uremic rats show
glucose intolerance.  The area under the plasma glucose
curves (AUC) in a period of 6 hours after oral glucose
also increases compared with that of the control rats
(9).  Thus, postprandial hyperglycemia may be
considered an influence on the intestinal transit in
chronic uremia, in addition to the possible influence
of hormonal or metabolic changes directly related to
uremia or feeding.  For instance, the plasma vasoactive
intestinal peptide levels have been reported to be
increased in uremic patients (19).  Apart from
postprandial hyperglycemia, however, thyroid
hormones may also be involved. Clinical and
experimental observations leave little doubt that the
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motor activity of the gastrointestinal tract is increased
in hyperthyroidism and decreased in hyperthyroidism
(32).  Low plasma triiodothyronine levels have been
observed in a uremic rat model (26).  The effect of
thyroid hormone levels needs further studies to
establish this involvement, if any.

From the present data, it is reasonable to
conclude that chronic uremia decreases the intestinal
motility evidenced by a decreased intestinal transit of
solid markers during the fed state.  However, no
changes in either the gastric emptying or the intestinal
transit of both liquid and solid makers can be
demonstrated during the interdigestive period in a
uremic rat model.
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