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LABORATORY STUDY

BILATERAL NEPHRECTOMY DELAYS

GASTRIC EMPTYING OF A LIQUID

MEAL IN AWAKE RATS

Ana P. T. Silva, Caio C. F. Freire, Francisco de A. A. Gondim,

Raquel P. Lacerda, José R. V. Graça, Francisco H. Rola,

and Armenio A. Santos*

Department of Physiology and Pharmacology,
Faculty of Medicine, Federal University of Ceará, Fortaleza, Brazil

ABSTRACT

Aims: This study evaluates the effect of bilateral nephrectomy on the
gastric emptying of a liquid meal. Methods: Male rats were submitted
under anesthesia to cervical vessels cannulation and bilateral lumbar
incision, followed or not by nephrectomy. Next day, they were gavage
fed (1.5mL) with phenol red (0.5 gmL�1) in 5% glucose solution and
sacrificed 0, 10, 20, 30 or 45min later. A blood sample was obtained for
biochemical analysis while gastric dye retention was determined by
spectrophotometry. Data (mean� SEM) were compared by ANOVA
and Student–Newman–Keuls tests. Results: Gastric emptying values
from nephrectomy group at 10, 20, 30 and 45min were lower (P<0.05)
than those of sham-operated animals (22.0� 4.0 vs. 38.9� 6.1%,
34.1� 1.4 vs. 66.9� 1.3%, 45.5� 6.1 vs. 64.9� 5.4% and 59.7� 2.4 vs.
81.5� 4.0%, respectively). Mean arterial pressure, blood volume, serum
osmolarity, urea, creatinine and potassium values were higher (P<0.05)
in nephrectomy group than in sham-operated animals (143.3� 2.7 vs.
100.5� 4.1mmHg, 15.7� 0.9 vs. 8.9� 1.1mL100 g�1, 344.0� 10.8 vs.
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299.4� 1.3mOsmKgH2O
�1, 344.0� 33.7 vs. 47.0� 2.8mg dL�1, 3.6� 0.3

vs. 1.1� 0.1mg dL�1, 6.4� 0.7 vs. 3.7� 0.2mEqL�1, respectively). The
plasmatic Naþ values did not change (139.3� 2.0 in sham-operation vs.
123.0� 7.5mEqL�1 in nephrectomy). Conclusion: Acute loss of kidney
function markedly delays the gastric emptying rates, which could be
involved in gastrointestinal dysmotility complaints seen after renal
failure.

Key Words: Azotemia; Gastric emptying; Gastrointestinal motility;
Nephrectomy; Rats; Renal failure

INTRODUCTION

Since the development of dialysis, uremia is seldom the direct cause
of death to renal failure patients. However, their quality of life is
jeopardized by a large variety of gastrointestinal complaints.[1] In spite
of this, some aspects of their pathophysiological mechanisms, especially
those related to gastrointestinal dysmotility are still not completely
understood.[2]

One aspect of this controversy comes from studies on gastric empty-
ing. Some researchers have reported that patients on maintenance dialysis
treatment have normal rates of gastric emptying for solid and liquid
meals[3,4] whereas others have ascribed either delayed gastric emptying of
solids[5,6] or even normal solid emptying with accelerated emptying of
liquids.[7] Besides, the presence of peritoneal dialysate may retard per se
the emptying of a solid meal.[8] A possible explanation for such conflicting
results from human studies is due to the fact that they have included
patients with important differences in age, sex, time interval after
renal failure, dialysis schedule and presence or not of visceral autonomic
neuropathy.

In the experimental setting, this subject is also not established yet.
Raybould and co-workers (1994) observed that chronic uremic rats present
a lower frequency of antral contractions with an increased gastric retention
of solid but a normal gastric emptying of liquid.[9] To the best of our knowl-
edge there is only one report addressing the effects of acute loss of kidney
function on gastrointestinal motility.[10] In that study, Belangero and
Collares (1998) compared the effects of bilateral nephrectomy on
fractional gastric retention of different liquid meals—consisting of plain
saline, sodium bicarbonate, glucose solution or commercial meal
(Nefrodiet�). The authors showed that nephrectomized rats exhibited
gastric retention values significantly higher in comparison to those of
sham-operated animals.
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Because acute renal failure also induces serum electrolytes, blood volume
and hemodynamic abnormalities, which could interfere with gastrointestinal
motor behavior,[11] we decided to further study this subject.

MATERIAL AND METHODS

Male rats of Wistar strain (180–220 g of body weight, N¼ 50) were
obtained from our institution’s breeding station and housed under adequate
conditions. All surgical procedures and animal treatments were carried out
in accordance with the ‘‘Guide for the Care and Use of Laboratory
Animals’’ (N.I.H., Bethesda, U.S.A.).

After anesthesia with tribromoethanol, polyethylene catheters
(PE 50) filled with heparin (500UmL�1) were inserted into left jugular
vein and right carotid artery of the rats. The distal end of each catheter
was tunnelled subcutaneously to the back of the animals and its free end
fixed by a silk ligature between the shoulders.

Next, the animals were submitted to a bilateral lumbar incision and
randomly divided into control (sham operation, n¼ 24) and experimental
(bilateral nephrectomy, n¼ 26) groups. In order to perform the nephrec-
tomy, both kidneys were identified and each renal pediculus was
blocked. Great care was taken to preserve the adrenal gland and its
blood supply during the kidney exeresis. Sham operation consisted of
bilateral kidney manipulation only. The rats were allowed to recover in
individual standard raised mesh-bottom Bollman cages for 16 h in order
to prevent coprophagy, being fasted with free access to water until 2 h
before the experiment.

The methodology used to measure the gastric dye recovery is
essentially the same described by Scarpignato and co-workers (1980).
Firstly, the animals were gavage fed with 1.5mL of a test meal (5% glucose
solution and phenol red, 0.5-mgmL�1) and then anesthetized by iv.
injection of pentobarbital at assigned time intervals, i.e., 0, 10, 20, 30 or
45min after meal administration. After a laparotomy, the stomach was
quickly clamped at pylorus and cardia ends and then removed. Next, the
viscera was placed in 100mL of NaOH solution (0.1N), cut into small
pieces and homogenized for 30 s. The suspension was allowed to settle
for 30min at room temperature and 10mL of the resultant supernatant
centrifuged for 10min (2800 rpm). Proteins in 5mL of the supernatant
were precipitated with 0.5mL of trichloroacetic acid (20% wt : vol) and
centrifuged for 20min (2800 rpm). Finally, 3mL of this supernatant was
added to 4mL of NaOH solution (0.5N). The sample absorbance was
obtained by spectrophotometry (Jena, Germany) at a wavelength of
560 nm and expressed as optical density (O.D.). In each experiment, a
standard dilution curve was made relating the concentration of phenol
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red to the optical density of NaOH solution (0.1N). A linear coefficient of
the dilution curve was determined and used to obtain the concentration (C)
of the solution read at 560 nm and the amount of phenol red recovered
from each viscera.[12]

The gastric emptying for each rat was calculated according to the
following formula:

gastric emptying ð%Þ ¼ 1�

amount of phenol red

recovered from test stomach

average amount of phenol red

recovered from standard stomachs

� 100

Rats sacrificed immediately after test meal administration (t¼ 0min)
were used to establish the standard stomach values (100% phenol red in
the stomach, n¼ 10).

The animals from control and experimental subsets (t¼ 20min) were
submitted 1 h before gavage to a continuous recording of the mean arterial
blood pressure for 10min. For this purpose, the carotid cannula was con-
nected to a pressure transducer (P1000B) coupled to a polygraph (Mark IV
Physiograph, Narco Byo-Systems, Houston, USA). After laparotomy, intra-
cardiac blood samples were collected in order to assess some biochemical
parameters. The Evans blue method was utilized to obtain the plasma
volume and then to determine the blood volume (in mL100 g of body
weight�1) after hematocrit correction. The serum osmolarity values (in
mOsm per KgH2O) were determined by cryoscopy. The Naþ and Kþ

plasma values (in mEqL�1) were determined by flame photometry. An auto-
matic analyser (Stat Profile Plus 9, Nova Medical Corp) determined the urea
(nitrogen excretion products) as well as creatinine plasma values (both in
mgdL�1).

The results are expressed as mean� SEM. Each control and experimen-
tal subsets consisted in 4 to 10 animals. The one-way analysis of variance
(ANOVA) followed by the Student–Newman–Keuls test was used to com-
pare the differences between means from sham-operation and nephrectomy
groups. The simple linear regression was used to correlate the fractional
gastric retention and blood volume individual values. P values lower than
0.05 were considered significant.

RESULTS

Figure 1 shows the gastric emptying patterns in sham-operated and
nephrectomized groups. Bilateral nephrectomy delayed (P<0.05) the gastric
emptying rates of the liquid meal by 28.8 to 77.1%. The gastric emptying
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values in sham-operated animals were 38.9� 6.1% (n¼ 5), 66.9� 1.3%
(n¼ 10), 64.9� 5.4% (n¼ 5) and 81.5� 4.0% (n¼ 4), respectively for
10, 20, 30 and 45min. On the other hand, the gastric emptying values in
nephrectomized animals were 22.0� 4.0% (n¼ 5), 34.1� 1.4% (n¼ 11),
45.5� 6.1% (n¼ 6) and 59.7� 2.4% (n¼ 4), respectively for 10, 20, 30 and
45min.

Table 1 presents the biochemical and hemodynamic parameters profile
from sham-operated and nephrectomized groups. As one can see, the
bilateral kidney exeresis induced a significant increase in the mean arterial
pressure and plasma volume values, respectively from 100.5� 4.1mmHg and
8.9� 1.1mL100 g�1 in sham-operated animals compared to 143.3�
2.7mmHg and 15.7� 0.9mL100 g�1 in nephrectomy group. The serum
osmolarity, urea, creatinine and potassium values of nephrectomized animals
were also higher (P<0.05) than those of sham-operated group (respectively
344.0� 10.8 vs. 299.4� 1.3mOsmKgH2O

�1, 344.0� 33.7 vs. 47.0�
2.8mgdL�1, 3.6� 0.3 vs. 1.1� 0.1mg dL�1, 6.4� 0.7 vs. 3.7� 0.2mEqL�1).
The plasma Naþ values did not change (139.3� 2.0 in sham-operation to
123.4� 7.5mEqL�1 in nephrectomy, P>0.05).

The relationship between each individual value of blood volume
and its respective gastric emptying of a liquid meal in sham-operated and
nephrectomized group is shown in Figure 2. As one can see there is a
strong (r2¼ 0.73) correlation between the hypervolemic condition and the
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Figure 1. Effect of bilateral nephrectomy (g) or sham-operation (œ) on the liquid gastric

emptying rates in awake rats. The animals were studied 1 day after surgery and sacrificed at
0, 10, 20, 30 or 45min after liquid meal (1.5mL of 0.5mgmL�1 phenol red in 5% glucose
solution). Fractional dye recovery was obtained by spectrophotometry from the stomach of

sham-operated and nephrectomy groups. Bars represent the gastric emptying (%) mean
values while vertical lines means the standard error of mean. n, number of observations.
*, P<0.05 for sham-operation vs. nephrectomy values (ANOVA and Student–Newman–
Keuls test).
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Table 1. Hemodynamic and Biochemical Parameters Profiles from Sham-Operated and
Bilateral Nephrectomized Rats

24 h Sham-operated Nephrectomized

Blood volume 8.9� 1.1 15.7� 0.9mL/100g*
Urea 47.0� 2.8 344.0� 33.7mg/dL*
Creatinine 1.1� 0.1 3.6� 0.3mg/dL*

Naþ 139.4� 1.98 123.4� 7.5mg/dL
Kþ 3.7� 0.2 6.4� 0.7mg/dL*
Osmolarity 299.4� 1.3 334.0� 10.8mmol/Kg H2O*
Arterial pressure 100.5� 4.1 143.3� 2.7mmHg*

After anesthesia, the animals were submitted to a bilateral lumbar incision, followed or not
by kidney exeresis. Next day, they were gavage fed with a liquid test meal and sacrificed
20min later. Following laparotomy, intracardiac blood samples were collected in order to

assess some biochemical parameters. Just before gavage, the mean arterial pressure values
(AP, in mmHg) were obtained from a continuous recording by a polygraph for 10min. The
plasma volume values (in mL100 g of body weight�1) were determined by the Evans blue

method. The serum osmolarity values (in mOsmKgH2O
�1) were determined by cryoscopy.

The urea (nitrogen excretion products) as well as creatinine plasma values (in mgdL�1) were
determined by an automatic analyser (Stat Profile Plus9, Nova Medical Corp). Naþ and Kþ

plasma values (in mg dL�1) were determined by flame photometry. n, number of observa-
tions. *, P<0.05 for sham-operated vs. nephrectomy groups (ANOVA and Student–
Newman–Keuls test).

Figure 2. Correlations between gastric dye retention (%) and blood volume (mL/100 g)
values obtained from sham-operated and nephrectomized animals. There is a strong correla-

tion (r2¼ 0.73) between gastric retention and blood volume in anephric animals (f—f) as
indicated by the linear regression equation y¼�2.8xþ 75.2 while in sham-operated animals
(g—g) there is no such correlation, according to the regression linear equation
y¼�1.0xþ 73.6, r2¼ 0.09.



decreased dye emptying from the stomach of animals submitted to bilateral
nephrectomy—as indicated by the linear regression equation y¼ 75.2�2.8x.
On the other hand, there is no correlation between the blood volume
values and gastric dye retention in sham-operated animals.

DISCUSSION

The present study confirms and extends previous results of Belangero
and Collares (1998) as it shows that bilateral nephrectomy induced a marked
delay in the gastric emptying in awake rats. The decrease in gastric emptying
of a liquid test meal we have observed was significant (28.8–77.1%) and
lasted for at least 45min after meal gavage. Our results also indicate that
this phenomenon is present as early as 6 h after bilateral nephrectomy and
increases as times passes by (Silva et al. unpublished results).

Biochemical and hemodynamic data found in the experimental animals
demonstrate the acute loss of kidney function in nephrectomy group and
these changes are quite similar to values reported by others.[13,14]

Renal failure patients present several morphological and physiological
abnormalities in the gastrointestinal tract.[15] It has been reported that rats
with renal failure (either acute or chronic) exhibit increased rates of gastric
acid secretion[16,17] and intestinal permeability to macromolecules.[18,19]

Because the marker (phenol red) is pH-sensitive, the measurements of
actual gastric emptying could be based in conditions associated with higher
acid secretion ratios. However, this would result in lower dye detection and
not in an increased fractional gastric retention, as we verified. Thus, this
effect appears to be related to gut motility rather than to changes in gastric
acid secretion.

In rats submitted to chronic uremia, the gastric emptying of liquid is not
significantly impaired.[8] The discrepancy with our results can be explained by
the striking different temporal patterns between these protocols. In chronic
uremia, there are important morphological and functional abnormalities of
the autonomic nervous system[20] that may interfere with the gastrointestinal
motor behavior, while in acute azotemia possibly there is no time for such
effects.

The gastric emptying delay after acute loss of kidney function could be
the result of increased gastric relaxation, decreased antral contractility or
enhanced pyloric and/or duodenal resistance. Since the test meal used in
the present study was isotonic, it is unlikely that this effect is mediated
through an enhanced intestinal inhibition of gastric emptying. It should be
noticed that Ko and colleagues (1998) have shown an increased frequency of
irregular gastric myoelectric activity in uremic patients.[21]

Concerning the mechanisms involved in gastric emptying delay due to
the loss of kidney function there are not much information available on the
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medical literature. It is conceivable that one of the several nitrogen com-
pounds that accumulate in the extracellular fluid could inhibit the contrac-
tility of the gastrointestinal smooth muscle.[22] Another possibility is that
bilateral nephrectomy induces hemodynamic changes that could interfere
with the gastrointestinal motor behavior. As a matter of fact, we have
shown that acute hypervolemia, due to saline or blood infusion, increased
the resistance offered by the gastroduodenal segment to the flow of liquid
and delayed the gastric emptying of liquid in rats.[23–25] This hypothesis is
supported by the strong correlation (r2¼ 0.73) between the hypervolemic
condition and the increased gastric dye retention.

In summary, our results indicate that the gastric emptying of a liquid
meal is markedly delayed after bilateral nephrectomy. The increased gastric
retention may contribute to nausea, vomiting, epigastralgia, bloating
and other gastrointestinal dysmotility complaints that are common in renal
failure patients. Further studies are under way to outline the neurohumoral
mechanisms involved in this phenomenon.
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