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ABSTRACT
PURPOSE: To characterize an experimental model of progressive renal disease induced by different degrees of nephrectomy in rats.
METHODS: Eighty male Wistar rats were divided into four experimental groups (n=20/group): sham surgery (control group),
progressive degrees of nephrectomy leading to mild uremia (group 1), moderate uremia (group 2) and severe uremia (group 3). Ten
animals of each group were followed for two or four weeks. At the end, blood and 24-hour urine samples were collected to determine
renal function parameters. Urine output and water and food intake were daily monitored.
RESULTS: In rats of group 1, serum levels of creatinine and urea and microalbuminuria were increased, while reduced creatinine
clearance (p<0.05, compared with control group), without changing blood pressure. Animals of group 2 had more accentuated alterations:
increases in urinary output, blood pressure, serum concentrations of urea, creatinine, sodium, potassium, and in microalbuminuria, and
reduction of creatinine clearance (p<0.05). Group 3 exhibited even more increased serum concentrations of urea, creatinine, sodium and
potassium, blood pressure and microalbuminuria, and decreased creatinine clearance (p<0.05) in comparison with control group and
unilateral nephrectomy.
CONCLUSION: Progressive nephrectomy in rats seems to be useful to study the physiopathology of chronic kidney disease and its
mechanisms of progression.
Key words: Renal Insufficiency, Chronic. Nephrectomy. Models, Animal. Rats.
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Introduction
Chronic kidney disease (CKD) is defined as a clinical
syndrome characterized by progressive loss of renal function, with
decline of the glomerular filtration rate and increase of nitrogen
metabolites, caused by evolving and irreversible morphological
changes in the renal parenchyma1. The worldwide incidence of
CKD has been increasing exponentially, especially because of
the high global prevalence of the main causes of CKD, including
diabetes mellitus, hypertension, and obesity1-3. It is estimated that
about 50.000 deaths occur annually in the United States as result
of renal insufficiency, with an annual incidence of end-stage renal
disease (ESRD) of 336 per million inhabitants, while in European
countries the average is 135 per million4.
Clinical and epidemiological evidence show an
association of multiple factors responsible for the onset
and progression of CKD5. The progression of the disease is
variable, depending on the risk factors involved in this process5.
Hypertension is considered one of the most important risk factors
for both CDK onset and progression5,6. Besides that, types 1 and
2 diabetes mellitus, especially if poorly controlled, accelerates
the progression of diabetic nephropathy, leading to ESRD1. There
are also the non-variable risk factors of CKD, including genetic
alterations, race, age, and sex. Therefore, the progression of CKD
is greater in elderly, male, and black patients. It is believed that, as
result of initial loss of nephron number, remnant nephrons have to
compensate with hyperfiltration and suffer hypertrophy, changes
in glomerular surface, and increase in glomerular basement
membrane permeability to proteins4. Thereby, proteinuria is a
strong marker of CKD severity and an independent predictor of
progression to ESRD7.
Experimental models of CKD are obtained by
administration of drugs such as gentamicin, cyclosporine8, and
adenosine9, or by surgical removal of renal tissue10. This last model
was originally described by Ormrod and Miller in 198011, when the
authors showed that surgical removal of a significant portion of the
rat kidneys causes adaptive changes in remnant nephrons capable of
leading to increase of glomerular filtration rate and urinary output.
The subtotal nephrectomy model, which consists of unilateral
nephrectomy associated to the removal of 5/6 of the remaining
kidney, has been widely used as model of ESRD, defined as when
the animal has 10% or less of its kidney function11-15. However,
studies that followed the original description of Ormrod and Miller
have not characterized the parameters of renal function and the
histological changes resulting from CKD in this experimental of
model of nephrectomy in different levels. Thereby, the objective
of this study was to characterize the progression of CKD induced

by progressive levels of nephrectomy leading to leading to mild,
moderate and severe uremia in rats with regard to morphological
and functional changes.
Methods
The study was in accordance with Brazilian Federal Law
on Animal Experimentation (Law 11794/08) and guidelines of the
Brazilian College of Animal Experimentation and was approved
by the Research Ethics Committee of Faculdade de Medicina de
Itajubá under the protocol number PAN 23/2007.
Eighty male Wistar rats (60-90 days of age) weighing
200-250g were obtained from the animal facility of Faculdade
de Medicina de Itajubá. Animals were housed in metabolic cages
under a 12-hour light/dark cycle and had ad libitum access to
water and standard chow.
The animals were anethesized with ketamine (50 mg/
kg) and xylazine (25 mg/kg) intraperitoneally and submitted to
progressive levels of nephrectomy in order to induce three different
stages of CKD, based on serum urea concentration: mild, moderate
and severe. We have reproduced the technique originally proposed
by Ormond and Miller11, which classified the progressive degrees
of nephrectomy based on the alteration produced on plasma levels
of urea as mild, moderate and severe. Figure 1 is a schematic view
of the surgical procedures adopted to induce mild uremia (group
1), moderate uremia (group 2) and severe uremia (group 3).
Mild uremia (Group 1)
Following trichotomy and aseptic disinfection, a left
flank incision was made, the left kidney was exposed and had
its capsule and adhering fat dissected. The adrenal gland was
preserved and the incision was sutured. After seven days, the right
kidney was exposed under the same technique. The right kidney
had its pedicle ligated and was removed (Figure 1A).
Moderate uremia (Group 2)
After exposition of the left kidney using the procedures
described above, its superior and inferior poles were removed, as
well as one third of the cortical tissue of its external lateral portion.
After seven days, the right kidney had its pedicle ligated and was
removed (Figure 1B).
Severe uremia (Group 3)
The procedures described above were again performed to
expose the left kidney. Afterwards, the superior and inferior lobes
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and one third of the cortical tissue of the external lateral portion
were removed, as well as 2 mm of the ventral and dorsal portions
of the kidney. After seven days, the right kidney had its pedicle
ligated and was removed. The procedure to induce severe uremia
is shown in Figure 1C.

Determination of renal function parameters
Serum and urine creatinine concentrations were
determined using a modified Jaffe colorimetric method (LabTest,
Minas Gerais, Brazil). Creatinine clearance was calculated using
the following formula:

Sham surgery - Control group
The left kidney was surgically exposed and a small
portion of its cortical tissue was removed. After seven days, the
right kidney was exposed and manipulated (Figure 1D).

FIGURE 1- Schematic view of the surgical technique proposed by
Ormond and Miller11 to induce mild uremia (A), moderate uremia (B) and
severe uremia (C). Panel D represents sham-operated animals as control
group. Panel A shows the exposition of the capsule of the left kidney and
the dissection of the adhering fat tissue. After seven days, the pedicle of
the right kidney is ligated and the right kidney is removed. Panel B shows
the removal of superior and inferior poles of the left kidney, as well as one
third of the cortical tissue of its external lateral portion. After seven days,
the pedicle of the right kidney is ligated and the right kidney is removed.
Panel C shows the removal of the superior and inferior lobes and one
third of the cortical tissue of the external lateral portion, as well as 2 mm
of the ventral and dorsal portions of the left kidney. After seven days,
the pedicle of the right kidney is ligated and the right kidney is removed.
Panel D represents sham surgery, in which the left kidney is surgically
exposed to remove a small portion of its cortical tissue. After seven days,
the right kidney is exposed and manipulated.

Following that, the animals were placed into metabolic
cages (Tecniplast, USA) with water and standard chow ad libitum
and were divided into four experimental groups (n=20 each
group): 1- Sham surgery (control group); 2- Mild uremia (group
1); 3- Moderate uremia (group 2); 4- Severe uremia (group 3). Ten
animals from each group were followed for two weeks and the
other half (n=10) for four weeks.
Mean arterial pressure (MAP) of all animals was measured
weekly by tail plethysmography (Kent Scientific, Torrington, CT).
Urine output, water and food intake were measured daily. Urine
samples were collected daily, centrifuged at 2500 rpm (Excelsa,
FANEN) and stored at –20oC for measurement of creatinine,
microalbuminuria, Na+ and K+.
At the end of the experimental period (two or four weeks),
rats were anesthesized with ketamine (50 mg/kg) and xylazine (25
mg/kg) i.p. in order to collect blood samples by cardiac puncture.
The samples were centrifuged at 2500 rpm (Excelsa, FANEN) and
the obtained serum was stored at –20oC for dosage of creatinine,
urea, Na+ and K+.
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Urine creatinine concentration x Urine volume
Serum creatinine concentration x Urine collection time
Serum urea concentration was obtained by the urease
enzymatic method (LabTest, Minas Gerais, Brazil), serum and urine
Na+ and K+ concentrations were determined by flame photometry
(CELM, Brazil) and microalbuminuria in 24-hour urine samples
was measured by turbidimetry (Gold Analisa Diagnóstica, Minas
Gerais, Brazil).
Histopathological analysis
The animals were euthanized and the kidneys were
removed and cut into 2 mm slices, which were fixed for 24
hours in 10% buffered formalin. After fixation, the sections were
embedded in paraffin, sliced into 5 micra slides and stained with
hematoxylin and eosin. Afterwards, the histological slides were
examamined under an optical microscope (Nikon Eclipse, Japan)
and images of illustrative fields were obtained.
Statistical analysis
Results were expressed as the mean ± standard deviation
from the mean or median, when appropriate. Statistical analyses
were performed using the software STASTITICA 5.0 (StatSoft
Brasil). The Shapiro-Wilk normality test was used to assess
whether the data followed a normal distribution. Analysis of
variance (ANOVA) was used for comparisons between the groups
that were normally distributed. The Kruskal-Wallis test followed
by Dunn’s post hoc test was used to compare nonparametric data.
The significance level was set at p<0.05.
Results
Urine output
Urine output of the animals of the control group, group
1, group 2 and group 3 is shown in Figure 2 for the two-week
experimental period and in Figure 3 for the four-week experimental
period. The group of animals with mild uremia did not present
significant changes in urine output after two or four weeks of
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experiment, compared to the control group. On the other hand,
the group with moderate uremia presented statistically significant
increase in urine output from day 3 to the end of the two-week
experimental period (p<0.05), with the exception of day 12
(p>0.05), and from day 2 to the end of the four-week experimental
group (p<0.05), compared to the control group. In the same way,
animals with severe uremia had increased urine output from day
1 to day 11 in the two-week period (p<0.05) and from day 2 to
the end of the four-week period (p<0.05), compared to the control
group.

2, in the two-week experimental period, when compared to the
control group (p>0.05). However, animals with moderate uremia
(group 2) presented increase in water intake on days 17, 19, 20,
21 and 24 in the four-week experimental period, compared to the
control group (p<0.05), and on days 5, 6, 7, 8, 15, 17, 19, 20 and
21, compared to rats with mild uremia (p<0.05).
Similarly, the group of severe uremia (group 3) resulted
in significant increase in water intake from day 1 to day 11, in
the two-week period (p<0.05), and from day 5 to the end of the
experiment, except for days 6 and 16 (p>0.05), in the four-week
period (p<0.05), compared to the control group.
Renal function biochemical parameters

FIGURE 2 - Urinary output (ml/24h) of sham-operated rats (control
group) and of rats submitted to progressive degrees of nephrectomy
leading to mild uremia (group 1), moderate uremia (group 2) and severe
uremia (group 3), for two weeks after the experimental procedures.

The results regarding renal function biochemical
parameters after two and four weeks are shown in Tables 1 and
2, respectively. Animals with mild uremia (group 1) presented
significant increase in serum levels of creatinine and urea and
presence of microalbuminuria (p<0.05), in both experimental
periods, compared to the control group. In the same way, the
animals of this experimental group presented a significant decrease
of about 29% in creatinine clearance two weeks after surgery and
of 35% four weeks after surgery, when compared to the control
group (p<0.05).
TABLE 1 – Renal function parameters of the control
group and of animals with mild (group 1), moderate (group 2
and severe uremia (group 2) induced by progressive removal of
renal tissue according to the technique proposed by Ormond and
Miller11.
Renal function parameters (at two weeks)
Parameters
Control Group 1 Group 2 Group 3
155.8±
167.3±
Serum Na+ (mEq/l) 141.3±2.3 144.0±2.6
2.0a
2.8a
Serum K+ (mEq/l)

Food and water intake
The different degrees of CKD produced in the studied
groups did not result in changes in food intake of animals followed
by two or four weeks, when compared to the control group
(p>0.05). Regarding water intake, significant changes were not
observed in group 1, in both experimental periods, or in group

4.7±0.5

5.7±0.3a 6.8±0.3a,b

286.8±
240.3±
182.3±
28.2
34.3
25.2a
212.4±
153.9±
Urine K+ (mEq/l)
194.0±26.3
32.3
21.3a
175.3±
Serum urea (mEq/l) 33.4±3.5 68.3±3.8a
8.8a,b
Serum creatinine
1.1±0.2 1.8±0.4a 5.7±1.2a,b
(mEq/l)
Creatinine
0.15±
0.42±0.04 0.3±0.03a
clearance (mL/min)
0.01a,b
Microalbuminurina
0.42±0.04 10.3±0.8a 48.7±3.7a,b
(mg/day)
Urine Na+ (mEq/l)

FIGURE 3 - Urinary output (ml/24h) of sham-operated rats (control
group) and of rats submitted to progressive degrees of nephrectomy
leading to mild uremia (group 1), moderate uremia (group 2) and severe
uremia (group 3), for four weeks after the experimental procedures.

4.3±0.23

142.3±
22.3a,b
115.2±
18.3a,b
230.4±
10.3a,b
7.9±1.1a,b
0.07±
0.01a,b
78.6±
4.5a,b

P<0.05 compared with the control group (ANOVA followed by Student-NewmanKeuls test); bP<0.01 compared with group 1 (ANOVA followed by Student-Newman-Keuls test).
a
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TABLE 2 – Renal function parameters of the control
group and of animals with mild (group 1), moderate (group 2
and severe uremia (group 2) induced by progressive removal of
renal tissue according to the technique proposed by Ormond and
Miller11.
Renal function parameters (at four weeks)
Parameters
Control
Group 1
Group 2 Group 3
+
Serum Na
142.3±2.1 146.0±2.8 160.8±2.3a 172.3±2.6a,b
(mEq/l)
Serum K+
(mEq/l)

4.1±0.23

4.6±0.5

5.9±0.4a

6.9±0.38a,b

Urine Na+
298.8±25.2 230.3±32.3 172.3±22.2a 135.3±20.3a,b
(mEq/l)
Urine K+
(mEq/l)
Serum urea
(mEq/l)

222.4±32.3 191.0±28.3 143.9±20.3a 108.2±17.1a,b
30.2±3.5

Serum
creatinine
0.9±0.2
(mEq/l)
Creatinine
clearance 0.46±0.08
(mL/min)
Microalbuminurina
5.0±0.2
(mg/day)

65.3±3.9a 185.3±8.5a,b 205.4±24.3a,b
1.7±0.48a

6.7±1.1a,b

8.9±1.4a,b

group 2 (p<0.05), in both experimental periods.
Mean arterial pressure (MAP)
As expected, animals of groups 2 and 3 presented
significant increase in MAP in all measurements, in both
experimental periods, compared to the control group and to group
1 (p<0.05) (Table 3). On the other hand, there was no significant
difference in MAP between the groups 2 and 3 either in the twoweek or in the four-week experimental period (p>0.05). Besides
that, no significant differences were observed when comparing
the MAP of each group two weeks and four weeks after surgery
(p>0.05).
TABLE 3 – Mean arterial pressure (mmHg) of the
control group and of animals with mild (group 1), moderate (group
2 and severe uremia (group 2) induced by progressive removal of
renal tissue according to the technique proposed by Ormond and
Miller11.
Mean arterial pressure (mmHg)

0.3±0.05a

Groups
12.3±0.7a

55.7±3.5a,b

85.6±4.8a,b

P<0.05 compared with the control group (ANOVA followed by Student-NewmanKeuls test); bP<0.01 compared with group 1 (ANOVA followed by Student-Newman-Keuls test).

Control

a

With regard to animals with moderate uremia (group
2), serum levels of urea, creatinine, Na+, and K+, as well
as microalbuminuria, were significantly increased in both
experimental periods (p<0.05). This group also presented
significant decrease in urine concentrations of Na+ and K+ in both
experimental periods (p<0.05). Animals of group 2 had creatinine
clearance decrease of 65% after two weeks of surgery and 78%
after four weeks (p<0.05). The decrease in creatinine clearance of
group 2 was significantly greater than in animals of the group 1 in
both experimental periods (p<0.05).
Animals with severe uremia (group 3) presented more
marked increase in serum levels of urea, creatinine, Na+, K+, and
microalbuminuria and decreased urine concentrations of Na+ and
K+. All these changes reached statistically significant differences
in comparison with the control group (p<0.01) and with groups 1
(p<0.01) and 2 (p<0.05) in both experimental periods. Animals of
group 3 also had more marked decrease in creatinine clearance,
both in two weeks (84%, p<0.01) and four weeks (87%, p<0.01),
compared to the control group. The decrease in creatinine clearance
of gropu 3 was significantly greater than in group 1 (p<0.01) and
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Week
1

Week
2

Four weeks
Week Week Week Week
1
2
3
4

105 ±
7.2
110 ±
7.5
155 ±
4.3a,b
163 ±
5.3a,b

108 ±
5.6
112 ±
7.3
160 ±
5.8a,b
165 ±
5.8a,b

107 ±
8.3
112 ±
6.7
157 ±
6.3a,b
160 ±
6.3a,b

Two weeks

0.1±0.03a,b 0.06±0.02a,b

Group 1
Group 2
Group 3

106 ±
6.7
114 ±
8.2
160±
4.1a,b
165±
6.3a,b

108 ±
5.2
112 ±
7.8
158±
6.8a,b
162±
6.2a,b

107 ±
5.2
116 ±
7.5
161±
8.2a,b
165±
6.7a,b

a
P<0.05 compared with the control group (ANOVA followed by Student-NewmanKeuls test); bP<0.01 compared with group 1 (ANOVA followed by Student-Newman-Keuls test).

Histopathological analysis
Renal morphology of the different experimental groups,
two and four weeks after surgery, is shown, respectively, in Figures
4 and 5 (A, B, C and D). Histopathological analysis of the renal
tissue of animals with mild uremia, both two weeks (Figure 4B)
and four weeks (Figure 5B) after surgery, showed small differences
in comparison to the control group (Figures 4A and 5A), being
observable only increased mesangial cellularity, hyperemia and
mild glomerular hypetrophy. However, animals with moderate
uremia (Figures 4C and 5C) and with severe uremia (Figures
4D and 5D) presented dilated and hypotrophic tubules with the
presence of hyaline material, with aspect of pseudothyroidization.
The histopathological changes, despite being similar in groups 2
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and 3, were more marked in group 3, both at two weeks and four
weeks after surgery.

Discussion
The development of accurate experimental models for
the study of CKD remains a challenge16. These models are based
on the use of chemical substances8-10 or surgical produres that
considerably reduce the renal tissue mass11-16. The pharmacologic
models consist on the use of substance with nephrotoxic potential,
which produce injuries to the renal tissue through different
molecular mechanisms8-10. These models have the disadvantage
that it is not always possible to establish the exact dose to produce
a specific degree of renal insufficiency, in addition to the possible
occurrence of side effects that may compromise the experimental
model. On the other hand, the surgical procedures, characterized
by the removal of portions of the renal tissue, have been widely
used because they have a high survival rate and a low cost, do not

FIGURE 4 - Representative micrographs of renal tissue, stained with
Hematoxilin-Eosin of the experimental groups two weeks after surgical
procedure (x400): A. Renal tissue of control group (sham-operated
animals), with normal renal morphology; B. Renal tissue of animals with
mild uremia (group 1) exhibiting an increase of mesangial cellularity and
mild glomerular hyperthrophy; C. Renal tissue of animals with moderate
uremia (group 2) presenting dilated and hypotrophic tubules with hyaline
material in the lumen, and having an aspect of pseudothyroidization;
D. Renal tissue of animals with severe uremia (group 3) showing
accentuated tubular hypothrophy, interstitial fibrosis and more intense
pseudothyroidization.

have side effects and can be used to produce progressive levels of
renal failure, as shown in this study11-16.
In the present study, three distinct degrees of CKD were
obtained: mild, moderate, and severe, induced by progressive
removal of renal tissue based on the technique originally
described by Ormrod and Miller11. As expected, we have obtained
three different degrees of CKD, with changes in renal function
parameters similar to those obtained by Ormrod and Miller11.
Those authors classified the degrees of CKD based on serum
levels of urea, being 40 to 80 mg/dL considered mild CKD, 100 to
200 mg/dL considered moderate CKD, and 200 mg/dL or higher
considered severe CKD.11 These results were similar to those
observed in the present study in the three degrees of CKD and
in both experimental periods. Similarly, other studies showed an
increase of 50% in serum urea of rats submitted to 5/6 nephrectomy,
which was associated to an increase of 50% in serum creatinine.
In our study, the group of severe uremia (group 3) resulted in
an increase of 85% in serum urea and a 90% increase in serum
creatinine. The discrepancy of these results could be explained by
the use of differente species and/or lineages of animals and due to
differences in surgical protocols of renal tissue removal11-14.
As expected, the three degrees of CKD resulted in
progressive loss of glomerular filtration rate (GFR) estimated

FIGURE 5 - Representative micrographs of renal tissue, stained with
Hematoxilin-Eosin of the experimental groups four weeks after surgical
procedure (x400): A. Renal tissue of control group (sham-operated
animals), with normal renal morphology; B. Renal tissue of animals with
mild uremia (group 1) exhibiting an increase of mesangial cellularity and
mild glomerular hyperthrophy; C. Renal tissue of animals with moderate
uremia (group 2) presenting dilated and hypotrophic tubules with hyaline
material in the lumen, and having an aspect of pseudothyroidization;
D. Renal tissue of animals with severe uremia (group 3) showing
accentuated tubular hypothrophy, interstitial fibrosis and more intense
pseudothyroidization.

by creatinine clearance. Even though creatinine clearance is less
accurate in rats than it is in other species, as dogs, for example, to
estimate GFR, many classical studies have shown that creatinine
clearance has a good correlation with inulin clearance in Wistar rats,
especially when assessed in comparative terms, as in our study17,18.
These data are in accordance with those of Ormrod e Miller11 about
the percentage of reduction in creatinine clearance of animals with
CKD, compared to the control group. However, our estimation
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of GFR, obtained by measurement of creatinine clearance of the

In addition to polyuria and polydipsia, animals with

experimental groups, resulted in values significantly lower than

moderate (group 2) and with severe uremia (group 3) presented

those obtained by Ormrod and Miller, who used Dark Agouti rats

reduced urine concentrations of Na+ e K+ and increased serum

and evaluated GFR using the 51Cr-EDTA clearance method11. This

levels of these ions. Similar results were obtained by Skott et

difference in GFR estimation can be explained, at least in part,

al.23 and Kwon et al.26. These data reinforce the hypothesis of

by the use of different stains of rats and different methods for

peripheral resistance to vasopressin, whose plasma levels would

GFR estimation. It is worth mentioning that in some strains of
rats tubular reabsorption of endogenous creatinine can occur in
varying degrees19. It has been demonstrated that about 30-50% of
filtered creatinine is reabsorbed in Fisher rats , and about 45% in
20

diabetic rats17.
Previous studies have shown a decrease of about 50%
in creatinine clearance in rats and mice four weeks after 5/6
nephrectomy12,13,21. Under our experimental conditions, the
creatinine clearance reduction in the group of severe uremia was of
87%. This value is consistent with the degree of renal insufficiency
we intended to induce. Therefore, the group of severe uremia
corresponds to ESRD, as it results in a degree of CKD similar to
that observed in patients that required renal replacement therapy22.
On the other hand, despite the significant decrease in
GFR, a significant and apparently paradoxical increase in urine
output and water intake was observed in the animals of groups
2 and 3, in both experimental periods. Similarly, Skott et al.23
showed a significant increase in urine output and water intake
in rats submitted to 5/6 nephrectomy two weeks after surgery.
It is possible to hypothesize that the polyuria and the resulting
polydipsia observed in our study can be attributed to alterations
in the mechanisms of urine concentation related, at least in part,
to the inability of vasopressin to stimulate the reabsorption of
water in the collecting duct, as observed in patients with advanced
CKD, that presented hypotonic urine in relation to plasma, even
after administration of supramaximal doses of vasopressin24,25.
Accordingly, Kwon et al.26 showed that rats submitted to 5/6
nephrectomy presented significant decrease in renal expression of
the genes of the aquaporins 1 (AQP1), 2 (AQP2) and 3 (AQP3),
with resulting polyuria and polydipsia. These authors also observed
that chronic treatment with the arginine vasopressin analogue
DDAVP was not able to reverse the decrease in the expression of
the genes AQP1, AQP2 and AQP3 and the consequent polyuria
of the animals with CKD . Also, it is well-kwown that rats with
26

be elevated in response to the increased serum osmolarity caused
by the increased serum Na+ levels observed in groups 2 and 3.27
Peripheral resistance to vasopressin prevents reabsorption of
water and, as consequence, urine concentrations of Na+ and K+
are decreased. Additionaly, down-regulation of AQP2 and AQP3
may occur26, what could contribute even more for the alterations
of the urine-concentrating mechanisms observed in the CKD.
Polyuria and polydipsia with alteration of the mechanisms of urine
concentration have also been reported in other experimental models
that lead to marked renal failure, as in the case of hepatorenal
syndrome induced by common bile duct ligation in rats28.
Another alteration found under our experimental
conditions was microalbuminuria. Especially in group 3, we
observed pronounced microalbuminuria both two weeks and four
weeks after surgery, as previous studies have also shown12,13,21,23.
However, animals of groups 2 and 3 also presented significant
microalbuminuria in comparison to the control group. It is known
that increased urinary excretion of albumin is a reliable marker of
CKD severity and is an independent predictor of its progression7.
Microalbuminuria reflects alterations of glomerular filtration
characterized by loss of selective permeability and triggers an
immune-inflammatory and fibrogenic response that leads to
progressive glomerular injury7.
With regard to MAP, we observed significant increase
in animals with moderate and severe uremia. Similar results
were obtained by other authors using rats submitted to 5/6
nephrectomy11-14,21,23. The main mechanism of hypertension in
CKD is related to the progressive loss of renal ability to excrete
sodium, resulting in sodium and volume overload. Furthermore,
other mechanisms can also be involved. For example, endothelial
dysfunction caused by hypertension can lead to increased
production of vasoconstrictor substances such as angiotensin II
and decreased levels of vasodilator mediators such as nitric oxide
and prostacyclin29,30.
Renal histological analysis showed, as expected,

CKD induced by 5/6 nephrectomy have increased plasma levels

histological patterns compatible with ESRD in group 311,13,21. In

of vasopressin27. These data suggest that the elevated vasopressin

the same way, rats of group 2 presented the same changes found in

concentrations can lead to down-regulation of AQP2 expression in

group 3, although with lower intensity, compatible with moderate

the collecting duct of animals with CKD26.

CKD (stages 3 or 4). On the other hand, animals with mild uremia
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