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AB S T RA C T
Chronic kidney disease (CKD) is a worldwide health problem with a poor prognosis. The exploration of possible
medical intervention requires the presence of a suitable animal model. This work aims to induce a model of canine CKD
with persistent uremia. Three dogs were used to develop canine CKD models with different techniques based on the
remnant kidney model. Model (1) was subjected to excision of one renal pole of the right kidney. Model (2) was
subjected to the excision of two renal poles of the right kidney. Model (3) underwent ligation of two renal arterial
branches of the right kidney. A contralateral nephrectomy was performed in the three models after two weeks from the
first operation. Blood and 24-hour urine samples were collected weekly to determine renal function parameters.
Histopathology, Immunohistochemistry of α-SMA expression, and quantitative real-time PCR for Kim-1 & NGAL gene
expression were performed on kidney tissues. According to the IRIS staging system in dogs, model (1) represented stage
one of CKD with less expression of genes and α-SMA in the interstitial tissue. Model (2) represented stage three of
CKD with moderate expression of genes and α-SMA and moderate glomerulointerstitial nephritis. Model (3) suffered
from severe uremia. It showed the highest expression of genes and α-SMA with severe glomerulointerstitial nephritis
and infarction. Therefore, model (2) was considered the best technique for developing a model of canine CKD with
persistent uremia. The dog in this model became uremic and remained stable for a long time which would allow
experimental manipulation.
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INTRODUCTION

as chronic glomerulonephritis, type 2 diabetic nephropathy,
and hypertensive nephrosclerosis (Tomino 2014).
Congenital renal diseases, including dysplasia and various
glomerulopathies, may produce CKD in pet animals at a very
early age (Chakrabarti et al. 2013).
Experimental models of CKD are obtained by the
administration of drugs such as gentamicin, and adenosine
(Sun et al. 2011) or surgically by the remnant kidney model
(Chow et al. 2003). The remnant kidney model is defined
as a procedure in which some portions of renal mass are
removed or damaged while leaving other portions intact
(Devada et al. 2012). Two main methods are used to induce
remnant kidney model; surgical excision of some portions
of renal mass with unilateral nephrectomy or by infarction
through ligation of a variable number of interlobular
arteries with unilateral nephrectomy (Liu et al. 2003).

Chronic kidney disease (CKD) has become a public
health problem and reached an epidemic level due to
increased prevalence of diabetes mellitus, hypertension, and
obesity (Ruiz-Ortega et al. 2020; Lorsirigool and Pumipuntu
2020). The number of patients with CKD worldwide is
estimated to double from 2010 to 2030 (Chen et al. 2017).
CKD is an irreversible and progressive deterioration of renal
function, resulting from a decreased number of functional
nephrons (Togel et al. 2008). It is characterized by
tubulointerstitial inflammation, tubular atrophy, and
interstitial fibrosis with subsequent progressive loss of renal
function (Mcleland et al. 2014; Sparkes et al. 2016;
Vázquez-Méndez et al. 2020). CKD and End-stage kidney
disease (ESKD) are caused by multifactorial etiologies such
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Experimental studies of progressive renal disease mainly
used the remnant kidney model (Chow et al. 2003). This
model has been applied in rats (Wang et al. 2017) mice (Yu
et al. 2016), dogs (Finco et al. 2004) and cats (Adams et al.
1994). The purpose of the present study is to develop an
experimental model of CKD in dogs in three different ways
based on the remnant kidney nephrectomy model which
would allow the future investigation of possible treatments.

Model 3: The renal artery was separated using fine blunt
curved end microsurgical forceps, inserted between the
artery and the vein, and opened progressively. Close to the
pedicle, the renal artery sends out three branches, two of
them were tied with two knots without sectioning
according to Iliescu et al. (2006) and Villanueva et al.
(2011) in rat and mice (Fig. 1).
The kidney was then placed in the abdominal cavity.
The abdominal muscles were sutured at the ventral midline
incision. The subcutaneous fat and fascia were closed with
a second layer of sutures followed by the closure of the skin.

MATERIALS AND METHODS
This study has been approved by the Institutional
Animal Care and Use Committee, Faculty of Veterinary
Medicine, Cairo University, Egypt (Approval No. Vet CU
16072020199).

Postoperative Care
Food was withheld for the first 3 days and substitution
fluid therapy (dextrose 5% sol and Ringer’s sol) was used.
The animals were then fed on boiled rice and chicken.
Prophylactic systemic antibiotic, SYNULOX® RTU
(Clavulanic acid 35mg/ml and Amoxicillin 140mg/mL,
Manufacturer: Zoetis, USA), was injected subcutaneously
at a dose of 8.75mg/kg bwt once daily for 5 days (Farghali
et al. 2017). Ethanol spray for cleaning and topical
antibiotic ointment (Fucidin® 20mg/g Ointment, sodium
fusidate, Leo Pharma A/S, Ballerup, Denmark) were
applied on wounds three times daily and the skin sutures
were removed 10 days post-operation (Gupta et al. 2019).
The Elizabethan collar was applied for each dog as a nonpharmaceutical tool to avoid self-trauma and guard the
operation site (Shenoda et al. 2020).

Animals
A total of 3 male Mongrel dogs (age: 2-3 years;
weight: 20-25kg) were used in this study. They were
housed in kennels of Surgery, Anesthesiology and
Radiology Department, Faculty of Veterinary Medicine,
Cairo University, and maintained at a constant temperature.
Animals were fed a standard diet and had free access to
drinking water.
Surgical Technique
Preoperative Preparation
Each dog was subjected to ore-anesthetic laboratory
screening; a complete blood cell count, serum
biochemistry, and urinalysis to evaluate the general health
conditions and normal kidney function of the animals under
the experiment and to detect subclinical disease such as
hypoproteinemia and anemia that may affect the animal
response to anesthesia (Mitchell et al. 2018). Complete
aseptic preoperative preparations of the operation site were
done according to Bigliardi et al. (2017).

Second Surgical Operation (Total Nephrectomy of Left
Kidney)
Two weeks after the first surgical operation, all
animals of the three canine CKD models were subjected to
contralateral nephrectomy. The laparotomy procedure was
performed as previously described. The left kidney was
exposed by elevating the mesocolon so that the small
intestine is retracted to the animal's right side (Shariati et
al. 2017). The left kidney was dissected from the
surrounding organs. The first tie of the ligature knots was
made towards the abdominal aorta side with double knots.
The ligature knot was then applied towards the kidney side
with double knots. The vessels were cut between the two
knots without cutting the ligature knots according to Iliescu
et al. (2006) and Wang et al. (2017). The incision was
sutured and the Postoperative care of animals was applied
as previously described (Fig. 1). The animals were kept
under observation to record any abnormal signs.

Anesthesia
Each dog was pre-medicated with atropine sulfate
(Atropine sulphate® 1%, Adwia Co., Egypt) at a dose of
0.1mg/kg BW given subcutaneously and xylazine HCl
(Xyla-Ject® 2%, Adwia Co., Egypt) at a dose of 1mg/kg
BW given intramuscularly. General anesthesia was
induced using ketamine HCl (Ketamine®, Sigmatic,
Egypt) at a dose of 10mg/kg BW and maintained by
ketamine HCl according to Farghali et al. (2017).
Surgical Operation
Dogs were positioned in dorsal recumbence. The ventral
abdominal mid-line laparotomy procedure at the umbilical
region was performed according to Shariati et al. (2017).

Ultrasonographic Examination
Before animal euthanasia, the ultrasonographic
examination was done in dorsal recumbence using a
multifrequency 7.5MHz real-time curved transducer
(Sonoace R3, Korea). At the diagnostic image unite,
Department of Surgery, Anesthesiology, and Radiology,
Faculty of Veterinary Medicine, Cairo University, Egypt.

Partial Nephrectomy of the Right Kidney
Model 1: About one-third of the right kidney mass was
removed from the superior portion towards the middle of
the pylorus as a modified technique according to Baracho
et al. (2016) in rats (Fig. 1).

Biochemical Parameters
Every week blood samples were collected from the
jugular vein and 24-hours urine samples were collected by
urethral catheterization to measure renal function parameters.
Urea was measured using Spectrum kit (Egypt) according to
Lile et al. (1957) and creatinine was measured by using
Spectrum kit (Egypt) according to Fabiny and Eringhausen

Model 2: Approximately one third was cut from the
superior portion towards the middle of the pylorus and the
other third from the inferior portion towards the pylorus
according to Finco et al. (2004) in dogs and Devada et al.
(2012) in Wister rat (Fig. 1).
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Fig. 1: Photographs of surgical operations performed; excision of one pole (A, B, C), excision of 2 poles (D, E, and F), ligation of two
branches of renal arteries (G, H), and total nephrectomy of the left kidney (I, J, K, and L).

(1971) in which the creatinine is coupled with picric acid. The
creatinine clearance was determined by multiplying the
urine volume by the creatinine concentration in the urine,
divided by serum creatinine using this equation:
Creatinine clearance (mL/min) = urinary volume (mL/min)
× urinary creatinine (mg/dL)/serum creatinine (mg/dL)
(Borges et al. 2013).

tissue after deparaffinization, rehydration, and antigen
retrieval. The primary antibody against α-SMA was applied
(Novus Biologicals, Europe) and an avidin-biotinperoxidase complex kit was used according to
manufacturer protocol (Dako; Carpinteria, CA) (Farghali et
al. 2019). Image analysis was performed on 5 images with
200x magnification power using image J.

Histopathology
Dogs were humanely euthanized by injection of 20%
pentobarbital sodium solution and full saturated solution of
potassium chloride intravenous according to Refaat et al.
(2017) after 7 weeks from the first operation in models 1
and 2 and after 3 weeks in model 3. Tissue specimens of
the kidneys were collected from euthanized dogs and
excised kidney poles from the first operation were collected
as normal control. Tissues were fixed in 10% neutral
buffered formalin, routinely processed, and embedded in
paraffin according to standard procedures. Tissue sections
(3-4µm) were prepared and stained with Hematoxylin and
Eosin (Suvarna et al. 2013).

Real-time PCR for Kim-1 and NGAL Genes
Frozen tissues of the right kidney from all models were
homogenized and total RNA was extracted with RNA easy
Mini Kit (Qiagen) and then quantity and quality were
assessed by Beckman dual spectrophotometer (USA).
High-capacity cDNA Reverse Transcriptase kit (Applied
Biosystem, USA) was utilized to reverse transcription of
extracted RNA. The amplification of cDNA was
subsequently done by the Syber Green I PCR Master Kit
(Fermentas) in a 48-well plate using the Step One
instrument (Applied Biosystem, USA) as follows: 10min at
95ºC for enzyme activation followed by 40 cycles of 15s at
95ºC, 20 seconds at 55ºC and 30s at 72ºC for the
amplification step. Normalization for variation in the
expression of each target gene was performed referring to
the mean critical threshold (CT) values of β-actin
housekeeping gene expression by the ΔΔCt method. 1μM

Immunohistochemistry
Immunohistochemistry of α-SMA
interstitial
expression was performed on paraffin-embedded renal
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Int J Vet Sci, 2021, 10(4): 286-293.
of both primers specific for the target gene was utilized.
Primers sequence for KIM1 gene was; forward 5'ATCTTTACCATTAGAGGGCT-3' and reverse 5'ACTGTCCTTCAGGTCAACAC-3' for NGAL gene was
forward 5'- AGCAGCACGTAGGCAGAGCC -3' and
reverse 5'- TGACCTCAAGGATAAGGCCA-3' and βactin; forward 5'-CTAAGGCCAACCGTGAAAAG-3'and
reverse 5'-GCCTGGATGGCTACGTACA-3'.

there was a marked decrease in creatinine clearance levels
than zero time from one week till the 3rd week (Table 3).
KIM-1gene & NGAL Gene Expression Relative to βActin
The expression of Neutrophil gelatinase-associated
Lipocalin (NGAL) and Kidney injury molecule-1 (KIM-1)
genes increased in all models than normal. Model 1 renal
tissue showed a slight increase than normal tissue whereas
model 3 had the highest expression when compared to
others (Table 4).

RESULTS
Physical Statement and Clinical Signs
Signs of kidney disease appeared after one week from
the removal of the contralateral kidney. The dog in model
1 showed a slight decrease in food intake and water. It
returned to its normal state after 7 weeks from the first
operation.
The dog in model 2 showed a slight decrease in
appetite and water intake that continued until 7 weeks from
the first operation. It appeared dehydrated with losing body
weight. On the other side, the dog in model 3 exhibited
clinical signs as losing appetite, decreasing water intake
followed by vomiting, and intermittent recumbence. For
the management of the signs and pain reduction, the animal
received daily a lactated Ringer’s solution intravenously
for rehydration, Enalapril maleate 10 mg (Ezapril®, MultiApex Pharma (map) S.A.E. Egypt) orally in a dose rate of
0.5mg/kg for management of hypertension, Omeprazole 20
mg (Pepzol®, Hikma Pharma S.A.E. Egypt) orally in a
dose rate 1mg/kg for the management of vomiting and fed
on renal dry food diet (O’Neill et al. 2013). Finally, the
animal was euthanized three weeks post first operation as a
humane endpoint interference. Postmortem examination of
the kidneys from models 1 and 2 revealed normal textures
with a pale color appearance, but the Kidney from model 3
appeared slightly small in size, indurated, and very pale.

Ultrasonography
Abdominal ultrasound examination at the level of right
sub-lumber region in model 1 dog showed unipolar focal
cortical and medullary hyperechogenicity of the cranial
pole of the right kidney with a normal echogenic pattern of
the middle third and caudal pole of the right kidney (Fig.
2a).
In model 2 dog, it revealed bipolar focal cortical and
medullary hyperechogenicity of the right kidney with a
normal echogenic pattern of the middle third of the right
kidney (Fig. 2b). In model 3 dog, it showed diffused
cortical and medullary hyperechogenicity of the right
kidney with a reduction in kidney size (Fig. 2c).
Histopathological Findings
Kidney of -ve Control: Most examined sections showed
normal glomeruli with normal renal tubules. Some
examined sections revealed cellular casts inside the renal
tubules (Fig. 3a).
Table 1: Serum urea level (mg/dl) in all experimental models
Groups
Experimental Period (weeks)
Zero time 1st 2nd 3rd 4th 5th 6th 7th
Model 1 11
17 28 51 45 43 39 37
Model 2 10
18 37 57 60 65 68 70
Model 3 12
16 48 54

Biochemical Results
Serum Urea
In model 1 dog, the serum urea level was increased till
the 3rd week then decreased gradually till the 7th week. In
model 2 dog, the serum urea increased gradually from the
1st week to the 7th week which showed the highest value
(70mg/dl). In model 3 dog, there was a progressive marked
increase in serum urea than zero time from 1 st week to 3rd
week (Table 1).

Table 2: Serum creatinine level (mg/dl) in all experimental
models
Groups
Experimental Time
Zero time 1st
2nd 3rd
4th 5th 6th 7th
Model 1 0.45
0.60 1.7 1.86 1.54 1.36 1.25 1.18
Model 2 0.56
0.70 1.8 2.32 2.54 2.79 2.82 2.92
Model 3 0.53
0.67 2.1 3.5

Serum Creatinine
In model 1 dog, the serum creatinine level reached its
peak (1.86mg/dl) at the 3rd week then gradually decreased
to 1.18mg/dl at the 7th week. In model 2 dog, the serum
creatinine was increased gradually till reached 2.92 mg/dl
at the 7th week. In model 3 dog, there was a marked
elevation in serum creatinine levels from 1 st week after the
first surgery until 3 weeks later (Table 2).

Table 3: Creatinine clearance level (ml/min) in all experimental
models
Groups
Experimental Time
Zero time 1st
2nd 3rd 4th
5th
6th
7th
Model 1 66.3
59.8 25.6 22.6 21.3 23.6 24.5 25.5
Model 2 66.8
55.53 18.3 17.5 16.3 14.9 14.8 14.3
Model 3 69.8
56.8 11.5 9.1

Creatinine Clearance
In model 1 dog, creatinine clearance level was
markedly decreased than the zero-time level at the 3rd and
4th week then gradually increased till the 7th week. In
model 2 dog, the creatinine clearance was gradually
decreased compared to the zero-time level and reached the
lowest value at the 7th week (14.3 mg/dl). In model 3 dog,

Table 4: KIM-1gene &NGAL gene expression relative to β-actin
in all experimental models
Group
Genes expression
Kim-1
NGAL
Normal tissue
1.162
1.573
Model 1
1.682
1.9449
Model 2
2.843
3.265
Model 3
4.825
6.326
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Fig. 2: Sagittal scan B-mode abdominal ultrasound image at the level of right sub-lumber region in (a) model 1 dog showing unipolar
focal cortical and medullary hyperechogenicity of the cranial pole of the right kidney (reduced corticomedullary junction distinction)
with a normal echogenic pattern of the middle third and caudal pole of the right kidney, (b) model 2 dog showing bipolar focal cortical
and medullary hyperechogenicity of the right kidney (reduced corticomedullary junction distinction) with a normal echogenic pattern of
the middle third of the right kidney, (c) model 3 dog showing diffused cortical and medullary hyperechogenicity of the right kidney
(reduced corticomedullary junction distinction) with a reduction in the kidney size.

Model 1: The renal capsule showed severe thickening near
the excised pole. Marked glomerular hypertrophy with
increase hypercellularity was noted (Fig. 3b). The
glomerular capillary tuft basement membrane was
thickened narrowing the Bowman’s space. Most examined
sections of the kidney showed congestion of interstitial
blood vessels with focal leukocytic cells infiltration in the
interstitial tissue. Interstitial hemorrhage with necrobiotic
changes in renal tubules was noted in the renal medulla.

distribution of this marker 2.1±0.5 (Fig. 4a). However,
SMA was mildly expressed in model 1 dog 4.1±0.04 (Fig.
4b), moderately distributed (14.9±2.4) in renal parenchyma
of model 2 dog (Fig. 4c) and was widely distributed in the
renal parenchyma of model 3 dog by image analysis
(21.6±1.3) (Fig. 4d).
DISCUSSION
The induction of suitable CKD experimental models
remains a challenge. An ideal experimental animal model
provides a stable uremic state which facilitates
experimental manipulation. In the present study, three
distinct degrees of uremic dogs with various degrees of
glomerulointerstitial fibrosis were obtained by surgical
induction.
Model 1 dog showed mild uremia, the serum creatinine
level reached its peak at the 3rd week then gradually
decreased till the 7th week as the normal remnant nephrons
underwent compensatory function. According to the
staging system based on the level of serum creatinine
concentration developed by IRIS (International Renal
Interest Society) (Grauer 2015) model 1 dog can be
considered in stage one of CKD. The creatinine clearance
in model 1 dog at 7 weeks from CKD induction was
reduced by about 40% than its zero-time level partially
agreeing with previous studies in rats and mice (Fujihara et
al. 2007; Sun et al. 2011). Mild injury of the right kidney
was confirmed by abdominal ultrasonography,
histopathology, weak expression of α-SMA marker in the
interstitial tissue and low expression of KIM-1 gene and

Model 2: Most examined sections showed marked focal
interstitial fibrosis with mononuclear inflammatory cells
infiltration in the cortex and medulla. The fibrous C.T
proliferation was mainly seen around glomeruli and blood
vessels (Fig. 3c). Most of the glomeruli were shrunken
leaving dilated Bowman’s space containing proteinaceous
material. Some renal tubules appeared necrotic, atrophied,
or with vacuolar degeneration in their lining epithelium.
Others showed cystic dilatation, tubular casts, and
calcification. Marked renal vein dilatation with fibrin clots
inside was observed.
Model 3: The renal tissue in this model showed severe
fibrosis of renal capsule and interstitial tissue. A prominent
infarcted area was noted well demarcated with leucocytes
(Fig. 3d). Most examined renal blood vessels showed
hypertrophy of their walls and perivascular edema was noted.
IHC Results
The damage marker α-SMA was expressed in the
myofibroblasts. Normal tissue showed normal IHC
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Fig. 3: Kidney, dog. (a) Normal glomeruli and renal tubules in the
control dog. (b) Hypertrophy of glomeruli with focal leukocytic
cells infiltration in the interstitial tissue (arrow) in model 1 dog.
(c) Cortical interstitial fibrosis (arrow), cystic dilatation of some
renal tubules, and glomerular atrophy in model 2 dog. (d) Severe
thickening of the renal capsule (arrow) and infarcted area in
model 3 dog. Haematoxylin and eosin stain. 100X.

Fig. 4: Kidney, dog. (a) Weak expression of α-SMA in the
interstitial tissue in control tissue. (b) Weak expression of α-SMA
in periglomerular (arrow) and interstitial tissue after excision of
one kidney pole in model 1 dog. (c) Moderate expression of αSMA in periglomerular and interstitial tissue (arrow) after excision
of two kidney poles in model 2 dog. (d) Severe expression of αSMA in the interstitial tissue (arrow) after ligation of two renal
arterial branches in model 3 dog. Immunoperoxidase. X200.

NGAL gene which are sensitive and specific biomarkers of
kidney injury (Rees and Kain 2008; Yin and Wang 2016).
Similarly, a previous study on rats showed that the degree
of impairment was directly related to the severity of the
renal excision (Baracho et al. 2016).
Model 2 dog showed a moderate and gradual increase
in serum urea and creatinine levels. It can be classified as
stage 3 of CKD according to the staging system developed
by IRIS. It suffered from moderate progressive loss of
glomerular filtration rate (GFR) as after 7 weeks from the
first surgical operation, the creatinine clearance was
reduced by about 52% than its zero-time level. Previous
studies also recorded about 50% decrease in creatinine
clearance in rats and mice after four weeks from 5/6
nephrectomy (Fujihara et al. 2007; Sun et al. 2011).
Furthermore, bipolar focal cortical and medullary
hyperechogenicity of the right kidney was observed in
ultrasonography which is probably due to renal fibrosis
(Nogueira et al. 2016). This was also confirmed by
histopathology and immunohistochemistry of α-SMA in
which moderate glomerular hypertrophy with interstitial
fibrosis was observed. Similar to the current study,
hypertrophy of remnant glomeruli, mesangial expansion,
increased glomerular collagen deposition in mice with 5/6
nephrectomy (Gava et al. 2012), and tubulointerstitial
changes in rats with subtotal nephrectomy were observed
(Devada et al. 2012 and Baracho et al. 2016). In dogs, CKD
induction resulted in stable chronic renal failure until 9-12
months (Vaneerdeweg et al. 1992), high serum creatinine
concentration which was 4.3±1.5mg/dL (Steiner et al.
2010), mesangial hyperplasia, and focal glomerular
sclerosis (Bourgoignie et al. 1987).
The structural and functional adaptive changes after a
significant reduction of the renal mass are responsible for
the pathological processes and the production of interstitial
fibrosis in the remnant kidney model (Perico et al. 2005;
Fujihara et al. 2007; Sun et al. 2011).

On the other hand, model 3 dog exhibited the most
rapid and highest elevation of serum urea and creatinine
levels and therefore the animal suffered from severe
uremia. According to the staging system developed by
IRIS, we couldn’t define which CKD stage was it as it
didn’t reach stability. A stable creatinine is defined by
documentation of <20% variability in serum creatinine
when measured again on at least 2 occasions along two
weeks (Grauer 2015). These results agreed with Liu et al.
(2003) who described that in rats the standard deviation of
blood urea nitrogen and creatinine in the infarction model
was substantially higher than that obtained from the
surgical resection model.
It was shown that the vascular ligation model had
significant proteinuria, hypertension, and glomerulosclerosis than surgical mass reduction models (Griffin et al.
2000; Liu et al. 2003). KIM-1 gene and NGAL gene were
expressed at a high level in model 3 dog. The high
expression of KIM-1 is associated with increased
expression of α-SMA, inflammation, pre-fibrotic areas, and
renal fibrosis. Also, chronically damaged tubular cells
produce a great quantity of NGAL (Bolignano et al. 2008).
Serum NGAL acts as a kidney injury biomarker but not in
all experimental animal models as reported previously
(Wang et al. 2020). In the present study, the expression of
NGAL gene increased with the increase of kidney injury.
The ligation technique is simple but the results in dogs
are unpredictable due to formation of collateral vessels
which bypass the ligated branches (Vaneerdeweg et al.
1992). however, Liang et al. (2014) reported that ligation
of renal arteries can lead to complete infarction, with
damage to afferent and efferent nerves in the adventitia of
the renal artery and area of the renal hilus.
Conclusion
The best technique for developing a model of canine
CKD with persistent uremia is 5/6 nephrectomy by
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