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 Acute renal failure is a condition in which kidneys are unable to eliminate all the 
waste from the body. Renal failure results in acid-base imbalance and electrolyte 
homeostasis. Na+-K+-2Cl- Cotransporter (NKCC2), Na+-Cl- Cotransporter (NCC) 
and Na+-K+-ATPase Cotransporter (Na+-K+-ATPase) are the important water and 
sodium channels proteins in the kidney. The aim of this study was to determine the 
gene expression level in the kidney of dogs suffering with the acute renal failure. A 
total four dogs with acute renal failure and four healthy dogs were used in this 
study. The biochemical analysis was done via semi-automatic biochemical machine, 
while the urine and urinary sediment examination was observed via microscopic 
study. The acute renal failure was diagnosed and confirmed via necropsy and 
histopathological examinations and finally the protein expression was analyzed by 
immunohistochemistry. Results showed that the concentration of sodium, 
potassium, creatinine and urea nitrogen were significantly different from control 
group. The level of pH and specific gravity (SG) were decreased with urobilinogen 
(URO) and were increased during acute renal failure. The urinary sedimentation 
results revealed the presence of RBCs and WBCs in urine samples. The kidney 
volume was increased with renal capsule due to hyperplasia and renal pelvis 
expansion. The hydronephrosis was also observed along with hemorrhages, 
shrinkage, necrosis, and inflammation in acute renal failure groups by 
histopathology. The immunohistochemical results revealed that the NKCC2, NCC 
and Na+-K+-ATPase were highly expressed in acute renal failure dogs. Therefore, it 
was concluded that sodium channels proteins possibly play an important role in 
dog’s acute renal failure cases. 
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INTRODUCTION 

 

Acute renal failure (ARF) which is also known as 

acute kidney injury (AKI) is the deterioration of renal 

functions over a period of hours to days (Wada et al., 1999; 

Mehta et al., 2003). It results in failure of kidneys to excrete 

nitrogenous waste products and unable to maintain fluid 

and  acid-base  balance  along  with electrolyte homeostasis 

dysfunction. In  recent years, urinary system problems have  
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become more serious in dogs due to chronic kidney 

diseases and common in the old age that leads to high 

mortality and morbidity rate. Approximately 10% of dogs 

develop chronic kidney disease, which is the leading cause 

of death in dogs and cats (Bartges et al., 2012).  

The kidney diseases can lead to water and electrolyte 

metabolic disorders, therefore previous studies showed the 

expression of genes encoding NKCC2, NCC and Na+-K+-

ATPase transport proteins with renal disorders in animals. 
In addition, these proteins play major role in sodium-

chloride absorption and secretion in wide variety of 

RESEARCH ARTICLE 

http://www.pvj.com.pk/


Pak Vet J, 2017, 37(4): 460-464. 
 

461 

animals (Kaplan et al., 1996; Albert-Quan et al., 1997; 

Mccormick et al., 2003; Hu et al., 2013). Bumetanide-

sensitive NKCC2 is the member of the cation 

cotransporter family, it is distributed in thick ascending 

limb (TAL) that can reabsorb about 20-25% NaCl 

(Musselman et al., 2010; Bartges, 2012). NKCC2 is 

essential for normal kidney function to regulate the ions 

movement throughout the kidney cells and control sodium 

balance. The renal expressions of NKCC2 decreased in 

acute renal failure infected animals, which lead to 
polyuria, nocturia and low density of urine (Spichler et al., 

2007). Thiazide-sensitive NCC expresses in distal 

convoluted tubule (DCT) and it can reabsorb about 5-10% 

NaCl (Dimke et al., 2011). It is a target protein of 

diuretics during hypertonic or hypotonic low-chloride 

condition and other clinical featuresactivate NCC 

receptor, which induce the expression and activity of NCC 

(Albert-Quan et al., 1997). Na+-K+-ATPase is an 

electrogenic transmembrane ATPase, it is found in 

the plasma membrane of eukaryotes cells. This enzyme 

transport sodium and potassium across the cells and is 
essential for cell physiology. The Na+-K+-ATPase can 

maintain resting potential, facilitate active transport, 

signal transducer/integrator and regulate cellular volume 

in animals (Chen et al., 2011; Talsma et al., 2014). In case 

of acute renal failure, the activity of Na+-K+-ATPase 

reduces, which lead to homeostasis damage. Recent 

empirical studies suggested that different degree of water, 

electrolyte metabolic disorders are associated with all 

kinds of kidney diseases, mainly with the protein levels of 

NKCC2, NCC and Na+-K+-ATPase located in distal 

nephron that causes the abnormal water re-absorption of 

sodium (Masilamani et al., 2002; Hu et al., 2011; Schiessl 
et al., 2013). The expression of genes encoding NKCC2, 

NCC and Na+-K+-ATPase during the acute renal failure of 

dogs has not been studied yet. 

Current study evaluated the renal NKCC2, NCC and 

Na+-K+-ATPase protein level and expression behavior to 

understand the mechanism of water and salt metabolism. 

Moreover, the acute renal failure was diagnosed through 

necropsy and histopathological examinations in dogs. This 

study provided a reference for comprehensive treatment 

and control of acute renal failure in dogs. 

 
MATERIALS AND METHODS 

 

Animal treatment and experimental groups: A total 

eight dogs (6-months old), were selected from the animal 

hospital of Huazhong Agricultural University (Wuhan, 

China), it consist of half healthy and half acute renal failure 

dogs and divided into control and ARF groups respectively; 

All dogs were raised under recommended temperature and 

standard hygienic conditions and fed ad libitum normal 

diet. After 2 days, about 1.5mL blood and 3mL urine 

samples was collected from both groups, each sample was 

centrifuged at 3500×g for 20 min to separate the serum, and 
stored at -20°C, until subsequent use and further analysis. 

After the treatment, all the dogs were killed using KCl (%), 

and the kidney samples were collected and fixed in 4% 

paraformaldehyde, while some of the kidney tissues were 

harvested and kept in -80°C for later use. This study was 

approved by the Animal Welfare and Research (Huazhong 

Agricultural University Wuhan, China). 

Biochemical criterion determination of serum: The 

concentration of sodium, potassium, chlorine, creatinine 

and urea nitrogen in the serum samples were measured via 

semi-automatic biochemical machine (COULTER®LH 

750, Guangdong). (Zhang et al., 2009). 

 

Urine routine and urinary sediment examination: All 

the urine samples were collected and prepared according to 

a standardized method described in previous 

study (Hokamp et al., 2016). Briefly, 10ml urine samples 
were centrifuged at 2000 rpm for 10 min; then the 

supernatant was removed, and the sediment was 

resuspended with a Pasteur pipette in the remaining urine; 

the re-suspended sediments were transferred into a glass 

slide, which was covered with a cover slip. The glass slides 

were observed in light microscope. In both institutions, the 

samples were examined within 3 h of urine collection. 

 

Histological staining (H&E): The kidney tissue samples 

were fixed overnight in 10% paraformaldehyde. After 72h, 

the tissues were dehydrated in graded ethanol solutions, 
cleared in xylene, and embedded in paraffin wax. Sections 

were incised with 4μm thickness to prepare the slides. 

These paraffin-embedded sections were dew axed in xylene 

and stained with H&E stain. Pathological changes in the 

kidney tissues were observed in light microscope.  

 

Immunohistochemistry (IHC): NKCC2, NCC and Na+-

K+-ATPase were detected and localized at cellular level 

by IHC according to previous study (He et al., 2006). 

Briefly, formalin-fixed kidney tissues were embedded in 

paraffin wax, and histological section were cut into 4 μm 

thickness and placed on poly lysine-coated slides. After 
deparaffin and antigen recovery, the slides were washed 

thrice in peroxidase blocking solution (Dako Cytomation, 

Carpentaria, CA, USA). The slides were incubated with 

rabbit anti-goat polyclonal antibodies (KPL) in 1:600 

dilutions at 4°C overnight (Tuojie biological technology 

Co., LTD, Wuhan). After washing with PBS, the sections 

were incubated at 37°C for 1.5 h with horseradish 

peroxidase-conjugated anti-rabbit secondary antibodies 

(Tuojie biological technology Co., LTD, Wuhan). The 

immune labeled slides were examined using the 

microscope (Olympus CX31; Olympus, Japan). Alongside 
no primary antibodies were as negative controls. 

 

Statistical analysis: The data were analyzed with one 

way ANOVA by T-test to compare the differences 

between mean values of control and acute renal failure 

groups. All statistical were analyzed with a chi-squared 

test using SPSS (release 18.0 standard version, Statistical 

Analysis System). The values of P<0.05 were considered 

as statistically significant. 

 

RESULTS  

 

The biochemical criterion analysis of serum: The 

results of biochemical criterion analysis are presented in 

table 1. The concentration of sodium, potassium, 

creatinine and urea nitrogen in the serum samples found 

significant different (P<0.05) between control and acute 

renal failure groups; while chloride ion value found 

statistically non-significant between groups.  
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Table 1: Biochemical criterion analysis of urine between control and acute renal failure group 

Group No Na+ (mmol/l) K+ (mmol/l) Cl- (mmol/l) BUN (mmol/l) Cre (μmol/l) 

ARFG 3  138.5±5.85*  5.2±1.18* 106.8±5.47   20.4±14.37**     447.8±346.02** 

CG 3 144.8±1.29 4.3±2.42 111.3±2.42 4.7±0.98 61.62±11.50 

(Acute renal failure group: ARFG; control group: CG). 

 

Table 2: The different of urine routine between control and acute 

renal failure group 

Items CG ARFG 

URO 0     1.05±0.73** 
PRO 0     0.73±0.21** 

PH 6.25±0.16    5.33±0.45* 

SG 1.02±0.02  1.01±0.03 

RBC/μL 0        287±11.02** 

WBC/μL 0    10.23±1.14** 

(Acute renal failure group: ARFG; control group: CG). 

 

The change of urine routine and urinary sediment: 

The results of urine output and urinary sediment are 
presented in table 2 and figure 1. The level of the pH and 
SG were decreased, and URO was increased in acute renal 
failure group, while protein (PRO), ketone body (KET), 
bilirubinic acid (BIL) and glucose (GLU) were not 
changed significantly. The urinary sediment testing 
presented the RBC and WBC in acute renal failure groups. 
 
Renal anatomy examination: The kidneys of ARF group 
were soft in texture and surface of kidney was smooth 
while it was normal in control groups (Fig. 2A and 2B). 
However, the kidney volume increased about 2 times of 
the control group; the renal capsule showed hyperplasia 
with vascular filling, and visible to white point necrosis in 
the kidneys (Fig. 2C). The renal pelvis expansion (Fig. 2a), 
hydronephrosis (Fig. 2b) were also observed in acute renal 
failure group. 
 

Histological staining (H&E) and immunohistochemical 

(IHC) evaluation of kidney: Tissue samples were 
subjected to histopathological examination by H&E 
staining. The results are presented in figure 3. The control 
group showed a normal structure with no 
histopathological changes (Fig. 3A). Histopathological, 
hemorrhages, shrinkage, necrosis, and inflammation were 
observed in acute renal failure group. Glomerulus showed 
bleeding with renal capsule rupture (Fig. 3a), broken or 
shrinking (Fig. 3d). Moreover, distal convoluted tube wall 
rupture (Fig. 3d), proximal convoluted tubule epithelial 
cell degeneration (Fig. 3e), and collection tube interstitial 
hemorrhage (Fig. 3c) was found in acute renal failure 
group. To confirm the expression of NKCC2 in TAL 
epithelial cells, NCC and Na+-K+-ATPase in distal 
convoluted tubule epithelial cells, the kidney tissue 
samples were detected using immunohistochemical 
technique and observed with a light microscope. The 
immunohistochemical results are presented in figure 4. 
NKCC2, NCC and Na+-K+-ATPase were highly expressed 
in acute renal failure dogs as compared to control group. 
The negative control has no expression in this study. 

 

DISCUSSION 

 

Acute renal failure is the alteration in kidney function 
including abnormal filtration, loss of drainage and 
maintaining blood of some part or all of the original 
function, which suffers the body with metabolic product 
aggregation. Furthermore, it affects the humoral regulation, 
acid-base and electrolyte balance in the blood (Wada et al., 

1999; Mehta et al., 2003). Clinical symptoms caused by 
acute renal failure include acute diarrhea, abdominal pain, 
vomiting, pale mucosa, polyuria, oliguria, acid-base 
balance disorders and uremia. Moreover, the glomerular 
filtration function rapidly dropped to less than 50% of the 
normal function with increase in serum creatinine and 
blood urea nitrogen concentration in ARF (Hladunewich et 
al., 2004; Lassnigg et al., 2004; Yoshida et al., 2004; Levin 
et al., 2007; Kellum et al., 2015) ARF caused by a variety 
of reasons and is also secondary to other diseases (Borrego 
et al., 2003). There are various factors associated with 
development of ARF in dogs. Electrolyte and mineral 
concentration is a key concern in renal failure disorder; 
however, involvement between imbalances or alteration in 
electrolytes and minerals in ARF is unclear, but such 
abnormalities are linked with various renal disorders 
including ARF. Therefore, the aim of this study was to 
investigate the level of these markers and we found 
significantly altered levels of sodium, potassium, creatinine 
and urea nitrogen in ARF group. Electrolytes biomarkers 
largely correlated with various renal abnormalities and may 
increase morbidity rate (Hokamp et al., 2016). Elevated 
blood urea nitrogen and creatinine are indicators of 
decreased renal function resulting acute renal failure or 
acute renal injury, and this is an indicator for defect in 
clearance of waste products (Thadhani et al., 1996). 
Additionally, in the current study the level of the pH and 
SG were decreased and URO was increased, while the 
urinary sediment testing presented the RBCs and WBCs in 
acute renal failure groups. Concentration and quantity of 
urine vitally depends on water re-absorption by water 
channels in the renal collecting system. Defects water 
channel signaling and regulation are associated with severe 
abnormalities in renal water handling which is observed in 
various animal species (Kortenoeven et al., 2013). 

The physical examination of ARF dogs in this study 

revealed depressed and poor body condition of dogs with 
weakness and retarded growth. The gross lesions of the 

kidney revealed the enlarged kidney and the hyperplasia 
of renal capsule with vascular filling, and visible to white 

point necrosis, renal pelvis expansion and hydro-nephritis. 

We examined the protein expression of NKCC2, NCC and 
Na+-K+-ATPase via immunohistochemical staining. The 

results showed that renal NKCC2, NCC and Na+-K+-
ATPase were markedly up-regulated in ARF affected 

dogs. In animals including humans, NCC co-expressed in 
the short end portion of distal convoluted tubule (DCT). 

Activation of NCC and NKCC2 may imitate linkage to 
elevated Na+-K+-ATPase activity interacellularly 

(Arystarkhova et al., 2014). The kidney plays an essential 
role for the regulation of blood pressure through 

controlling the water and sodium chloride balance in 
human, NKCC2 is significant in NaCl reabsorption. The 

activity of NKCC2 in the TAL directly or indirectly alters 
NaCl reabsorption and several hormones control the NaCl 

reabsorption through a mechanism of action. In general, 
renal NKCC2 is significant in physiology of kidney, 

however regulation and molecular mechanism of NKCC2 
is unknown (Ares et al., 2011). 
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Fig. 1: Urine sediment analysis of acute renal failure in dogs. 

 

 
 

Fig. 2: Gross photographs of autopsy in kidney from dogs between control and acute renal failure group. (control group: A, B; acute renal failure 

group: C, D) (a) (b) Whole kidney swelling with necrosis and hemorrhage; (c)(d) renal parenchyma thin and calyx thickening with hydronephrosis. 

 

 
 

Fig. 3: Histological examination of the kidney tissues in acute renal failure (H&E). (A) Control group; (B, C, D) acute renal failure  groups. (a) 

Glomerular bleeding and renal capsule rupture; (b) Distal convoluted tube wall rupture; (c) Collection tube interstitial hemorrhage; (d) Glomerulus 

broken and shrinking; (e) Proximal convoluted tubule epithelial cell degeneration. 
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Fig. 4: Expression of genes encoding NKCC2, NCC and Na+-K+-ATPase during the acute renal failure of dogs. (A, B, C) IHC of NKCC2, NCC and Na+-

K+-ATPase in acute renal failure samples were seen at 3100 magnification. (A1, B1, C1) Negative control has no positive response in this study; (A2, B2, 

C2) Normal control, a few antibodies can be observed in kidney; (C3, C3, C3), Significant antibodies can be observed in acute renal failure groups. 

 
Conclusions: Enhanced expression of NKCC2, NCC and 
Na+-K+-ATPase are associated with ARF in dogs. Water 
and electrolyte disorders in acute renal failure may be due 
to change in the expression of these protein levels. 
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