
 

 

Introduction 
 
Chronic kidney disease (CKD) is a worldwide 
public health problem associated with signifi-
cant morbidity and mortality [1]. Several risk 
factors contribute to the development and pro-
gression of CKD, including hypertension, diabe-
tes and dyslipidemia [2-4]. For this reason, 
strategies aiming to identify, prevent and treat 
CKD and its related risk factors could contribute 
to a better understanding of this disease. There-
fore, the development of experimental models 
may contribute towards the understanding of 
the mechanisms underlying CKD. 
 
Among the available experimental models for 
CKD, the 5/6 nephrectomy (5/6 Nx) has been a 
mainstay of studies of progressive renal disease 
and is performed by unilateral nephrectomy and 
either partial infarction or amputation of the 

poles of the remaining kidney [5, 6]. The fea-
tures of this experimental procedure are com-
mon to CKD observed in humans [7]. It has 
been used to test new therapies [8, 9] and has 
been proven to be clinically relevant [10].  
 
Although the rat model has been the primary 
choice for decades, there are many genetic ma-
nipulations currently available in mouse models 
that provide advantages supporting the use of 
this specie. However, few studies have investi-
gated the consequences of 5/6 Nx in murine 
animals, and the results obtained are inconsis-
tent [7, 11]. In light of the burgeoning interest in 
murine pathophysiology and the importance of 
a better understanding of the CKD, the present 
investigation was designed to determine the 
effects of 5/6 Nx on renal morphology and func-
tion as well as on arterial pressure in the mouse 
model. 
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Abstract: Background/Aims: The rat has been the most used experimental animal for studies of cardiovascular and 
kidney diseases. However, it is notable that there is increasing importance placed on the use of the mouse model to 
increase understanding of these pathophysiologies. The aim of the present study was to induce chronic kidney dis-
ease in a mouse model and to evaluate the resulting changes in blood pressure (BP) and in renal morphology and 
function. Methods: Adult male C57BL/6 mice underwent 5/6 nephrectomy (5/6 Nx) or a sham operation (Sham). Two 
weeks later, conscious animals were subjected to a 24-hour urine collection and to a direct measurement of BP. Re-
sults: Compared to Sham animals, 5/6 Nx mice showed reduced creatinine clearance (3-fold, p<0.01), proteinuria 
(1.5-fold, p<0.01) and uremia (4-fold, p<0.01), as well as high blood pressure (~20%, p<0.01). 5/6 Nx animals 
showed increases in the 24 h urine excretion of Na+ (2-fold, p<005), K+ (~2-fold, <0.01) and Ca2+ (~12-fold). Kidney 
histology of 5/6 Nx mice also demonstrated glomerular hypertrophy (1.5-fold, p<0.05), mesangial expansion (~40%, 
p<0.01) and increased glomerular collagen deposition (~30%, p<0.05). Conclusion: Induction of 5/6 nephrectomy in 
mice for two weeks leads to systemic arterial hypertension and to functional and morphological damage of the rem-
nant kidney, which are considered the main characteristics of chronic kidney disease. 
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Material and methods 
 
Animals  
 
The experiments were performed in 3-month-old 
male C57BL/6 (C57) mice obtained from the 
animal facilities of the Health Sciences Center 
at the Federal University of Espirito Santo. The 
animals were housed according to the institu-
tional guidelines for animal research, with con-
stant room temperature, a 12-hour light/dark 
cycle, and 50±5% humidity, as well as standard 
mouse chow and water ad libitum. The proce-
dures were previously approved by the Animal 
Use Ethics Committee of the Research Center of 
Emescam College of Health Sciences (CEUA, 
Protocol # 003/2009).  
 
5/6 Nephrectomy 
 
Animals underwent 5/6 Nx or sham surgery 
under ketamine/xylazine anesthesia (91.0/9.1 
mg/kg, i.p.). Briefly, the left kidney was exposed, 
and the upper and lower poles were tied with a 
polyglycolic acid suture line, followed by right 
nephrectomy. The peritoneum and skin were 
then sutured, and the animals were returned to 
their individual cages. 
 
Renal function analysis 
 
Two weeks after sham or 5/6 Nx surgery, the 
animals were placed in metabolic cages to ana-
lyze renal function. Then, the animals were sub-
jected to a 24-hour urine collection to deter-
mine creatinine concentration and urine vol-
ume. Creatinine was also measured in the blood 
obtained through the retro-orbital plexus under 
anesthesia (ketamine/xylazine, 91.0/9.1 mg/
Kg, i.p.) to estimate the glomerular filtration rate 
(GFR) by calculating creatinine clearance. 
Plasma and urine samples were also used for 
the quantification of urea, Na+, K+ and Ca2+. 
Fractional excretion was calculated using the 
plasma and urine concentrations of these ions, 
the 24-hour urine volume and the GFR obtained 
from the creatinine clearance calculations. Total 
protein excretion in the urine was also deter-
mined using the Bradford [12] method. 
 
Hemodynamic measurements 
 
A separate group of animals was used for direct 
measurements of arterial blood pressure (BP) 
and heart rate (HR). Two weeks after sham or 

5/6 Nx surgery, mice were anesthetized with a 
combination of ketamine and xylazine 
(91.0/9.1 mg/kg, i.p.), and a catheter (0.040 
mm outer x 0.025 mm inner diameters, Micro-
Renathane, Braintree Science, Massachusetts, 
USA) was inserted into the right carotid artery 
for the measurement of systolic (SBP), diastolic 
(DBP) and mean (MBP) arterial blood pressure 
as well as HR. The free catheter end was tun-
neled under the skin of the back to the level of 
the shoulder blades. Two days after catheter 
placement, hemodynamic measurements were 
performed in conscious, freely moving mice in 
their own cages when they were neither groom-
ing nor eating. For BP and HR recordings, the 
arterial catheter was plugged into a disposable 
BP transducer (Cobe Laboratories, Colorado, 
USA) connected to a pressure processor ampli-
fier and data-acquisition system (MP100, 
Biopac Systems, California, USA). 
 
Renal histological analysis 
 
At the end of the experiments, the animals were 
euthanized with an overdose of sodium thiopen-
tal and perfused via the left ventricle with phos-
phate-buffered saline (PBS, pH 7.4; 0.1 M), fol-
lowed by a fixative solution of formaldehyde 
(4%); the kidney was removed, cleaned of con-
nective tissue and embedded in paraffin. Ten-
micrometer-thick sections were processed with 
hematoxylin-eosin (HE), periodic acid-Schiff 
(PAS) and Masson’s trichrome staining, and the 
glomeruli were photographed for later analysis. 
Images were captured with color video camera 
(VKC150; Hitachi, Tokyo, Japan) connected to a 
microscope (AX70; Olympus, Center Valley, PA) 
and analyzed with a specific image program 
(2100 Leica EWS; Leica, Wetzlar, Germany) by a 
person blinded to the experimental groups. The 
mean glomerular cross-sectional area was ob-
tained by calculating the mean of 100 glomeruli 
individual areas using the Image J program. To 
determine glomerular sclerosis, at least 50 
glomeruli were analyzed in PAS and Masson’s 
trichrome-stained sections, and the mean of the 
glomerular-stained areas (in %) was used to 
determine the mesangial expansion and colla-
gen deposition for each animal.  
 
Remnant kidney weight and femur weight 
 
At the end of the experiments and hemody-
namic recordings, the mice were euthanized 
with an overdose of sodium thiopental, and the 
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femur and the remnant kidney were removed. 
The poles of the kidney were discarded, and the 
remnant area of the kidney and the femur were 
dried for 24 hours in an oven and then weighed. 
The kidneys of sham animals underwent the 
same procedure. 
 
Statistical analysis 
 
All data are expressed as the means ± SEM. 
The normality of the variables was evaluated 
using the Kolmogorov-Smirnov test. Statistical 
analysis was performed using Student’s t test 
for independent samples. The level of signifi-
cance was set at p<0.05. 
 
Results 
 
Average values of body weight, chow intake, 
water intake, 24-hour urine volume and rem-
nant kidney weight are summarized in Table 1. 
At the end of the experiments, body weight was 
significantly reduced in animals that underwent 
5/6 Nx when compared with the sham group. 
Water intake and urine volume increased ap-
proximately 2-fold and 3.5-fold (p<0.01), re-
spectively, in the 5/6 Nx animals compared with 
the Sham animals. As expected, 5/6 Nx led to 
hypertrophy of the remnant kidney. 
 
Figure 1 summarizes the creatinine clearance, 
uremia and proteinuria levels in the Sham and 
5/6 Nx animals. Nephrectomized animals exhib-
ited a marked reduction of GFR, as demon-
strated by the diminished creatinine clearance 
in comparison with the Sham group (142 ± 13 
vs. 47 ± 8 µL/min, p<0.01). In addition, the 5/6 
Nx mice showed greater values of uremia than 
the Sham animals (50.5 ± 9.0 vs. 12.5 ± 0.9 
mmol/L, p<0.01). Proteinuria was also elevated 

in the 5/6 Nx animals (3.2 ± 0.05 vs. 2.1 ± 
0.09 mg/24 h, p<0.01) in comparison with the 
sham group, which is indicative of glomerular 
injury. 

Table 1. Body weight, chow and water intake, 24-hour urine volume and remnant kidney weight in 5/6 
nephrectomized animals 
Parameters Groups 

Sham 5/6 Nx 

Body weight (g) 29.8 ± 1.1 25.7 ± 0.3** 

Chow intake (mg/24h) 4.7 ± 0.4 4.6 ± 0.4 

Water intake (mL/24h) 7.5 ± 0.6 15.4 ± 0.9** 

Urine volume (mL/24h) 2.4 ± 0.1 8.5 ± 0.6** 

Remnant kidney weight (mg) 14.3 ± 0.8 21.4 ± 1.9** 
Values are means ± SEM (n=8 to 10 per group). **p<0.01 vs. sham. 

 

Figure 1. Creatinine clearance, uremia and proteinu-
ria levels. 5/6 nephrectomized (5/6 Nx) animals 
presented reduced glomerular filtration rate, as indi-
cated by reduced creatinine clearance, increased 
uremia and glomerular damage demonstrated by the 
increase in proteinuria levels compared to Sham 
animals. Values are means ± SEM (n= 8 to 10 per 
group), **p<0.01 vs. Sham group. 
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Table 2 shows the effects of 5/6 Nx in the 24-
hour excretion and fractional excretion of Na+, 
K+ and Ca2+. The 5/6 Nx animals showed ele-
vated excretion and fractional excretion of Na+ 
(2.2-fold and 6.5-fold, respectively, p<0.01). K+ 
excretion and fractional excretion were also 
significantly increased in the 5/6 Nx group 
when compared to the Sham animals (4.2-fold, 
p<0.01). Urine Ca2+ and the fractional excretion 
of Ca2+ were also markedly affected in the 5/6 
Nx animals in comparison with the Sham group 
(~13-fold and ~24-fold, respectively, p<0.01). 
Moreover, plasma measurements showed in-
creased levels of this ion in the 5/6 Nx animals 

in comparison with the Sham ani-
mals (2.25 ± 0.07 vs. 1.80 ± 
0.06 mmol/L, p<0.01). Corrobo-
rating this observation, femur 
weight was significantly lower in 
the 5/6 Nx animals than in the 
Sham animals (41 ± 2 vs. 51 ± 2 
mg, p<0.01). 
 
Figure 2 shows average values of 
BP and HR obtained by direct 
measurement in conscious ani-
mals. The nephrectomized ani-
mals presented severe arterial 
hypertension compared with the 
Sham animals, as shown in all the 
components measured: SBP (136 
± 2 vs. 170 ± 4 mmHg, p<0.01), 
DBP (90 ± 2 vs. 105 ± 3 mmHg, 
p<0.01), pulsatile pressure (46 ± 
3 vs. 65 ± 3 mmHg, p<0.01) and 
MBP (114 ± 1 vs. 135 ± 2 mmHg, 
p<0.01). Resting HR values were 
not affected by 5/6 nephrectomy.  
 
Figure 3 summarizes the kidney 

histology data and shows typical histological 
sections comparing the 5/6 Nx animals with the 
Sham animals. The glomerular area was signifi-
cantly greater in the 5/6 Nx animals (5.3 ± 0.5 x 
103 µm2, p<0.05) than in the Sham group (3.8 
± 0.1 x 103 µm2). The mesangial matrix area, 
indicated by the PAS stained areas, was signifi-
cantly larger in the 5/6 Nx group when com-
pared to the sham animals (19.2 ± 1.3 % vs. 
12.9 ± 0.3 %, p<0.01). The nephrectomized 
animals also showed increased glomerular col-
lagen deposition, as indicated by the Masson’s 
trichrome staining (33 ± 1 vs. 42 ± 6%, 
p<0.01). 

Table 2. Urine and fractional excretion of Na+, K+ and Ca++ in 5/6 nephrectomized mice 
Parameters Groups 

Sham 5/6 Nx 
Na+ 

Urine excretion (mmol/24h) 
Fractional Excretion (%) 

  
0.30 ± 0.02 

1.3 ± 0.1 

  
0.66 ± 0.06** 

8.4 ± 1.2** 
K+ 

Urine excretion (mmol/24h) 
Fractional Excretion (%) 

  
0.58 ± 0.03 

45 ± 5 

  
0.93 ± 0.14** 

192 ± 28** 
Ca2+ 

Urine excretion (mmol/24h) 
Fractional Excretion (%) 

  
1.6 ± 0.1 

0.68 ± 0.06 

  
20.6 ± 1.7** 
16.2 ± 2.5** 

Values are means ± SEM (n=8 to 10 per group). **p<0.01 vs. sham. 

 

Figure 2. Hemodynamic measurements. Direct measurements of sys-
tolic, diastolic and mean arterial blood pressure and heart rate show a 
marked arterial hypertension two weeks after 5/6 nephrectomy (5/6 
Nx) compared to Sham animals. Values are means ± SEM (n= 6 to 8 
per group), **p<0.01 vs. Sham group. 
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Discussion 
 
In the present study, we evaluated the effects of 
5/6 Nx on renal morphology and function and 
on BP in a mouse model. Two weeks after in-
duction of 5/6 Nx, mice presented reduced 
GFR, proteinuria, glomerular sclerosis and arte-
rial hypertension, which are considered the 
main characteristics of CKD. 
 
In humans, GFR has been estimated based on 
serum creatinine levels by applying different 
formulas [13, 14]. Likewise, in experimental 
models of CKD, the detection of increased 
plasma levels of creatinine has been inter-
preted as being indicative of impaired GFR [7, 
15-17]. In the present study, we evaluated the 
glomerular filtration rate in 5/6 Nx mice through 
the creatinine clearance, which is known to be 
more accurate than plasma creatinine levels for 
assessing renal function [13, 18]. We observed 
that GFR 2 weeks after 5/6 nephrectomy was 
reduced by approximately 60% in 5/6 Nx mice, 
which was similar to that observed by Ohashi et 
al. [19] after 8 weeks of nephrectomy in adi-
ponectin-knockout mice but was more severe 
than that observed by Bro et al. [20] in apolipo-

protein E-knockout mice. We also observed high 
levels of serum urea in 5/6 Nx mice, in agree-
ment with others who have studied the model 
[21, 22], which is considered a consequence of 
the reduced GFR. Conversely, in the present 
study, it was noted that the reduction in renal 
mass caused hypertrophy of the remnant 
glomeruli in 5/6 Nx mice, which has been inter-
preted as a compensatory response to the in-
creased glomerular perfusion [23]. 
 
High BP is a hemodynamic characteristic of 
CKD, which could accelerate the progression of 
renal dysfunction by worsening glomerular injury 
and proteinuria [24]. The occurrence of arterial 
hypertension has also been demonstrated in 
5/6 Nx rats [25, 26]. In C57 mice, changes in 
BP following 5/6 Nx has been evaluated in a 
number of studies by the indirect tail-cuff tech-
nique, the results of which have been reported 
as both normal [11] and high [27]. In the pre-
sent study, direct measurements of BP in con-
scious animals showed that 5/6 Nx animals 
were hypertensive, mainly due to the systolic 
component. Among possible mechanisms un-
derlying this finding in this model of CKD is aug-
mented peripheral vascular resistance as a con-

Figure 3. Renal Histological 
Analysis. Bar graphs and 
respective representative 
pictures show hypertrophy of 
remnant glomeruli, mesan-
gial expansion and increased 
collagen deposition in 5/6 Nx 
animals compared to Sham 
animals. Values are the 
means ± SEM (n= 6 to 8 per 
group), **p<0.01 vs. Sham 
group. Scale bar: 10 µm. 
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sequence of increased vascular sympathetic 
activity [28] and of activation of the renin-
angiotensin system [27]. Based on the finding 
that 5/6 Nx mice develop aortic stiffness [22], 
we speculate that this could contribute to the 
severe increase in the systolic component of the 
BP observed in our study.  
 
Arterial hypertension is considered a major pro-
moter of the decline in renal function because it 
is transmitted within renal resistance vessels, 
glomerular capillaries and mesangial cells, re-
sulting in glomerulosclerosis [24]. In our study, 
5/6 Nx mice presented both mesangial expan-
sion and increased glomerular collagen deposi-
tion, which are main features of glomeruloscle-
rosis in CKD. These could be caused by an in-
crease in extracellular matrix formation, dimin-
ished extracellular matrix degradation or both 
[29]. It is reasonable to think that arterial hyper-
tension observed in the 5/6 Nx animals led to 
glomerular injury and consequently a marked 
proteinuria. Conversely, proteinuria is known to 
be tightly correlated with the decline of GFR 
[30], and thus, it has been considered the 
strongest predictor of kidney disease outcome 
[31].  
 
Our data show for the first time a severe in-
crease in urine and fractional excretions of Na+ 
and K+ in 5/6 Nx mice. This finding reinforces 
the concept that in CKD, the reduced GFR and 
increased filtration burden on the remnant 
glomeruli leads to the increased excretion of 
ions from and the decreased accumulation of 
ions in the plasma [32]. Tubular mechanisms 
involved in the increases in urine and fractional 
excretions of these ions could include altera-
tions in the expression and activity of ion ex-
changers and cotransporters [33]. Considering 
that renal osteodystrophy is a characteristic of 
CKD [34], we also evaluated the Ca2+ balance. 
Our observation that 5/6 Nx mice presented 
increased calcemia and reduced femur weight 
is indicative of bone reabsorption, which is in 
agreement with other studies [15]. Notably, in 
the present study, we found increased urine 
and fractional excretions of Ca2+ in this model of 
CKD, contributing to a better characterization of 
the 5/6 Nx model in the mouse. 
 
Perspectives 
 
One of the limitations of our study is that the 
molecular mechanisms involved in the develop-
ment of CKD induced by 5/6 Nx were not com-

pletely investigated and should be considered in 
future studies. Our hypothesis is that altered 
expression of inflammatory and proliferative 
molecules and renal transporters could be in-
volved. Further studies will attempt to elucidate 
these questions.  
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