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Abstract. The canine remnant kidney model is fundamental to understanding the relationship be-
tween hypertension and chronic kidney disease (CKD). This study aimed to create a 1/16 remnant 
kidney model and to determine whether blood pressure (BP) control affects the progression of 
CKD. A group of dogs received BP treatment (group A) and another received BP treatment except 
for the first 2 weeks (group B). The remnant kidney model was induced using a two-step subtotal 
nephrectomy method; dogs received antihypertensive therapy. Systolic BP, blood urea nitrogen, 
serum creatinine, urinary protein, and creatinine levels were measured weekly. Kidney tissues were 
obtained at the conclusion of the study. Systolic BP was controlled to <160 mmHg in both groups 
for 18 weeks, except for the first 2 weeks in group B. Proteinuria was elevated after renal ligation in 
both groups, but gradually increased in group B and decreased in group A (p = 0.009). Blood urea 
nitrogen (p = 0.014) and creatinine (p = 0.020) levels were higher in group B than in group A. More 
histological damage was observed in group B than in group A. Induction of 1/16 nephrectomy suc-
cessfully established CKD. Control of BP may be important to prevent or control the progression 
of CKD in dogs.
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Introduction

The remnant kidney model is created by unilateral ne-
phrectomy (Nx) and partial infarction/amputation of the 
remaining kidney, and has made critical contributions to 
the understanding of chronic kidney disease (CKD) and 
hypertension (Purkerson et al. 1976; Hostetter et al. 1981; 
Griffin et al. 1994; Ibrahim and Hostetter 1998). Although 
models of progressive nephropathy have been well estab-
lished in rats and mice, it is unclear how to demonstrate 
progression of renal failure in other species (Kren and 
Hostetter 1990; Griffin et al. 1994; Al Banchaabouchi et al. 
1998; Ibrahim and Hostetter 1998; Kujal and Vernerova 
2008; Gava et al. 2012). 

The canine remnant kidney model, with 3/4 Nx, was initially 
developed to study the relationship between a high level of 
dietary protein and renal function in dogs (Bovee et al. 1979). 
However, there was no evidence of a progressive reduction of re-
nal function in nephrectomized dogs that were fed high dietary 
protein (Bovee et al. 1979; Robertson et al. 1986). To reduce the 
renal mass to more than 3/4 Nx, 7/8 Nx was used to determine 
changes in renal function in dogs and rodents after reduction 
of renal mass (Bourgoignie et al. 1987). Consequently, a canine 
remnant kidney model with 11/12 Nx was reported to enable 
determination of the influence of dietary protein intake in dogs 
(Polzin et al. 1988). An even more sophisticated canine remnant 
kidney model, with 15/16 Nx, using the ligation of renal arter-
ies and unilateral Nx was then attempted (Brown et al. 1991). 
However, other techniques have been used to create a canine 
CKD model. One report described a combination of the Page 
model and the remnant kidney model using wrapping on the 
surface of a resected kidney (Finco 2004). Another technique 
has involved the use of an ameroid ring constrictor to reduce 
blood flow in the main renal artery (Dong et al. 2013). 



244 Kang et al.

The canine remnant kidney model has been used to evalu-
ate the clinical outcome and effect of treatment of CKD in 
dogs (Bovee et al. 1979; Robertson et al. 1986; Bourgoignie 
et al. 1987; Polzin et al. 1988; Brown et al. 1991). Moreover, 
this model has recently been used to understand the rela-
tionship between renal failure and hypertension (Jacob et 
al. 2003; Finco 2004; Dong et al. 2013). Induction of CKD 
causes hypertension (Coulter and Keith 1984), and the con-
trol of blood pressure (BP) delays the progression of CKD 
in animals and humans (Madias 1983; Peterson et al. 1995; 
Sarnak et al. 2005; Ravera et al. 2006; Upadhyay et al. 2011). 
A previous study reported an association between mortal-
ity risk and systolic BP (SBP) in CKD (Finco 2004). In that 
study, it was found that the higher BP group in the canine 
remnant kidney model exhibited worse renal function than 
the lower BP group. The importance of strict BP control in 
early CKD remains an ongoing concern. 

The remnant kidney model may be helpful in accelerat-
ing the discovery of biomarkers and medical appliances for 
CKD, as well as the design and testing of novel therapeutic 
strategies. However, previous studies have included limited 
serological data or a short experimental period. Therefore, 
creation of a canine remnant kidney model is important for 
a better understanding of the long-term effects of fibrosis and 
medical appliances. Our research interest involves the inves-
tigation of renal function and pathological changes in the 
kidney to determine whether initial BP control in CKD can 
slow the progression of the disease. The goal of the present 
study, therefore, was to establish a stable CKD model for ap-
plication of medical appliances and agents, and to determine 
whether early BP control affects the progression of CKD. 

Materials and Methods

Experimental dogs

Twenty-five adult male Beagle dogs (age 14–16 months; 
weight 8–11 kg) were purchased from a commercial sup-
plier (Orient Bio Inc., Korea). The dogs were acclimatized 
for 7 days before the surgical procedure and were housed in 
individual cages (width 895 mm × length 795 mm × height 

765 mm). Temperature (23 ± 3°C), humidity (55 ± 15%), 
and 12-h light-dark intervals were controlled, and the dogs 
had ad libitum access to water. During the experimental pe-
riod, the animals were fed a commercially available dry diet 
containing 25% protein, 1.2% phosphorus, and 1% calcium 
(Cargill Agri Purina, Korea). The dogs received humane care 
according to the guidelines of the National Research Council 
for Care of Laboratory Animals. The study was approved 
by the Committee of Clinical Research Institute at Seoul 
National University Hospital. 

After the surgical procedure, the dogs were divided into two 
groups according to whether they received BP treatment dur-
ing the first 2 weeks of the study. Dogs in group A received an 
antihypertensive drug during the full study period (18 weeks) 
if an abnormal state, such as marked hypertension (SBP 
>180 mmHg) (Grauer 2017), anorexia, decreased vitality, or 
vomiting, was noted. Dogs in group B were not treated for the 
first 2 weeks but were treated for 16 weeks thereafter (Fig. 1). 
The antihypertensive agent used was amlodipine (Pfizer, New 
York, NY, USA) 0.5 mg/kg orally (Acierno and Labato 2004). 
After the final measurements, the dogs were euthanized using 
sodium pentobarbital (100 mg/kg intravenously). 

Four sham-operated dogs, in which CKD was not in-
duced, were prepared. Their BP control was adjusted ac-
cording to the same conditions as dogs in Group A (n = 2) 
and B (n = 2). 

Surgical procedures

After premedication with subcutaneous injections of ace-
promazine (Boehringer Ingelheim, St. Joseph, MO, USA) 
0.1 mg/kg and atropine sulfate (Je Il Pharmaceutical, Daegu, 
Korea) 0.05 mg/kg, anesthesia was induced by intravenous 
injection of tiletamine hydrochloride and zolazepam hy-
drochloride (Zoletil®, Virbac, Carros, France) 5 mg/kg. 
Anesthesia was maintained using isoflurane 2%. Eighteen 
dogs allocated to the CKD group underwent a  two-step 
subtotal Nx (Brown et al. 1991). During the first step, the left 
kidney was exposed by an incision in the flank. In total, eight 
branches of the left renal arteries were isolated. For 10%–15% 
infarction of the left kidney, seven of eight left renal arteries 
were ligated (established by visual identification of topical 
cyanosis) (Fig. 2). The incised area was closed in layers. One 
week later, the second step of the procedure was performed. 
In the CKD group, the dogs were anesthetized (as described 
above) and a contralateral Nx of the right kidney was per-
formed. A 1/16 remnant kidney was created by selectively 
ligating branches of the renal artery. Four dogs allocated to 
sham surgery underwent the same anesthetic and surgical 
procedures as the CKD dogs, except that the kidneys were 
simply manipulated in lieu of renal artery ligation or Nx. 
After each surgical procedure, tramadol 5 mg/kg (Tridol, 
Yuhan, Korea) was administered intravenously, cephalexin 

Figure 1. Blood pressure management according to group. Group 
A  was treated the high blood pressure during study period (18 
weeks). Group B was also managed the blood pressure during study 
period, but except for the first 2 weeks. 
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(Hankook Korus Pharm, Seoul, Korea) 30 mg/kg orally, and 
cephradine (Hankook Korus Pharm, Seoul, Korea) 30 mg/
kg intramuscularly twice per day for 3 days. 

Analysis of renal function and hemodynamics

Blood and spot urine samples were collected from all dogs 
before the first (–1 week) and second (0 week) surgeries, and 
weekly thereafter to evaluate blood urea nitrogen (BUN), 
serum creatinine (sCr), urine protein, and urine creatinine 
levels using a hematology analyzer (Advia 2012, Siemens, 
Princeton, NJ, USA) and a biochemical analyzer (Clinical 
Analyzer 7020, Hitachi, Tokyo, Japan). The urine protein to 
creatinine ratio (uP/C) was calculated from a single random 
urine sample (Monroe et al. 1989; Adams et al. 1992). SBP 
was measured using a cuff plethysmography device (petMAP, 
Ramsey Medical Inc., Tampa, FL, USA), with the dog in 
a relaxed, standing position (i.e., with relaxed corners of the 
mouth, tail down, and head high).

Histological examination and immunohistochemistry

All tissue samples were collected after the dogs were eu-
thanized. The left kidneys were excised, rinsed in saline, 
and fixed in 10% buffered formaldehyde. Tissue samples 
were processed for microscopic examination. The sec-
tions were cut to 4 μm thickness and stained with periodic 
acid-Schiff (Sigma-Aldrich, St. Louis, MO, USA), Sirius red 

(Sigma-Aldrich), and Masson’s trichrome reagents. Histo-
logical changes were verified semi-quantitatively. Masson’s 
trichrome-stained paraffin sections were used to quantify 
glomerular sclerosis. The glomerulosclerosis index (Haas et 
al. 2003) was scored as follows: 0 = normal glomerulus; 1 = 
sclerosis involving up to 25% of the glomerulus; 2 = sclerosis 
>25%–50%; 3 = sclerosis >50%–75% and/or segmental ext-
racapillary fibrosis or proliferation; and 4 = global sclerosis 
>75%, global extracapillary fibrosis, or complete collapse of 
the glomerular tuft. 

Glomerular injury was assessed by a renal pathologist in 
a blinded fashion. A minimum of 50 glomeruli per canine 
kidney were evaluated, with the mean was used as a repre-
sentative value for the dog. 

Endogenous streptavidin activity was blocked using 0.3% 
hydrogen peroxide. Antigens were retrieved by heating 
paraffin-embedded sections in 10% citrate buffer in a micro-
wave oven on 5 occasions for 5 min each. The stained slides 
were photographed using an inverted microscope (Olympus 
Corporation of the Americas, Center Valley, PA, USA). 
Paraffin sections of each kidney were obtained 24 h after 
administration of sulfatide (20 μg per dog, intravenously). 
For the immunofluorescence study, the paraffin-embedded 
kidney was cut into 4 μm slices. The kidney sections were 
deparaffinized and rehydrated with ethanol and xylene. 

Markers of fibrosis were estimated using collagen type IV 

and aSMA assays (Abcam, Cambridge, MA, USA) accord-
ing to manufacturer’s instructions. Macrophage counts were 
estimated using a CD68 antibody (Abcam), and expressed as 
a percentage of total nuclei per six fields. These nuclei were 
visualized using hematoxylin (Sigma-Aldrich). Transcrip-
tion factors were estimated using NF-kB/p65 and p-ERK 

antibodies (Abcam). 

Statistical analysis

The results are expressed as mean and standard deviation, or 
mean and standard error, as indicated. The Student’s t-test 
was used for between-group comparisons. When comparing 
more than two groups, two-way analysis of variance with 
Tukey’s post hoc test was used. Statistical analysis was per-
formed using GraphPad Prism 5.0 (GraphPad Software, San 
Diego, CA, USA). Statistical significance was set at p < 0.05. 

Results

Renal arterial pattern of Beagle dogs

In a previous study, the canine renal arteries were divided into 
single and double, with no statistically significant difference 
between the right and left kidneys (Marques‐Sampaio et al. 
2007). However, that study was limited to the renal arterial 
pattern of mongrel dogs. In the present study, the left renal 
arteries of 22 male Beagle dogs were isolated from the adipose 
tissue in the renal hilum and ligated. All dogs had a single 
renal artery and two main branches. Furthermore, the types 
of renal arteries were identical in 21 of the 22 dogs and similar 
to the type I  (a) branching pattern reported in a previous 
study by Marques‐Sampaio et al. (2007). However, the sub-
branches of the caudal renal artery portion were different 
from type I (a). In the Beagle dogs, the caudal division of the 
renal artery was again divided into 2 sub-branches, and each 
sub-branch was further divided into 2 (middle zone) and 3 
(caudal zone) interlobar branches. The interlobar branch was 
located inside the kidney tissue, except for a small portion of 
cleaving interlobar branches from the sub-branch. This small 
portion was used to create the 1/16 remnant kidney model 
in the Beagle dog. The ischemic portion was identified by 
temporary ligation of the renal interlobar branch (Fig. 2A) 
and, finally, a 15/16 subtotal Nx was performed by selectively 
ligating branches of the renal artery.

Clinical observations

Ten male Beagles were included in group A. All dogs were 
treated with amlodipine for 2 weeks after the second surgery 
to prevent excessively high BP. Although some dogs exhibited 
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mild clinical signs associated with renal disease and hyper-
tension, no dog in this group died or required uthanasia. 

Eleven male Beagles were included in group B; however, 
3 dogs were excluded from the study. Two of these dogs 
developed azotemia (BUN 190.2 mg/dl, sCr 11.5 mg/dl, 
and uP/C 2.22; BUN 188.0 mg/dl, sCr 7.43 mg/dl, and 
uP/C 4.73), and marked hypertension (SBP 198 mmHg; 
SBP 209 mmHg) at 2 weeks after the second surgery and 

died on postoperative day 16. The remaining dog developed 
severe hypertension (SBP 243 mmHg, BUN/ sCr 150.7/5.68, 
and uP/C 2.69) and died 10 days after the second surgery 
with severe clinical signs of lethargy, anorexia, bloody feces, 
stomatitis, convulsion, and vomiting. As a result, 8 Beagle 
dogs were enrolled in the study. The remaining animals 
were treated with amlodipine to improve their clinical 
signs and to prevent death from marked hypertension and 

Figure 2. A. Identified regions of remnant kidney 
and ischemic injury by ligation of renal arteries 
in Beagle dogs. B. Schematic drawing of renal 
arterial branches of the Beagle dog kidney. White 
circles indicate the points of renal arterial ligation 
for 15/16 nephrectomy (Nx) in this study.

Figure 3. The course of renal function and systolic blood pressure over 20 weeks in sham group, group A, and group B. BUN, blood urea 
nitrogen; SBP, systolic blood pressure; uP/C, urine protein/creatinine ratio. 
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severe kidney disease, except in the 2 weeks immediately 
after surgery. These dogs completed the observation period 
without developing severe abnormalities. 

The four sham-operated dogs exhibited no clinical signs 
associated with renal disease and hypertension.

SBP

SBP in the group A  dogs with CKD was controlled to 
<160 mmHg until 2 weeks after renal ligation, but gradually 
increased, and all dogs exhibited high BP at the conclusion of 
the study (Fig. 3). In contrast, SBP was highest in the group 
B dogs with CKD during the first 2 weeks without any an-
tihypertensive medication. Thereafter, whenever a dog was 
identified with SBP >180 mmHg or a clinical abnormality, 
amlodipine was administered. SBP decreased dramatically 
in all dogs in group B. The mean SBP in group A (147.5 ± 
2.3 mmHg) was higher than in group B (139.0 ± 3.6 mmHg) 
at 10 weeks after surgery (p = 0.054); however, there was no 
statistically significant difference between the two groups at 
18 weeks (p = 0.145). The SBP in the sham-operated dogs 
was in the normal range in both groups during the study.

Renal function analysis 

The main difference between group A and group B dogs was 
the administration of a hypertensive agent during the first 2 
weeks after surgery. Although the estimated values for BUN, 
sCr, and uP/C in group A were significantly elevated after 
surgery, they were lower than in group B overall (p = 0.014, 
p = 0.020, and p = 0.007, respectively). In contrast, there was 
no elevation in BUN, sCr, or uP/C in the sham-operated 
dogs. The renal function in all dogs is presented in Figure 3. 

In group A, the mean BUN level was >75 mg/dl during 
the first 2 weeks and slowly decreased thereafter until the 
final week of the study. No dog had a BUN >100 mg/dl at 
3 weeks. At 16 weeks, the mean BUN was lowest (41.64 ± 
16.51 mg/dl) in group A and was within the normal range 
(<25 mg/dl) in 2 of the 10 dogs. The highest mean sCr in 
group A was at 2 weeks (3.41 ± 0.99 mg/dl), unlike in group 
B. After 3 weeks, the mean sCr steadily decreased until the 
final week. The sCr was lowest (1.54 ± 0.38 mg/dl) in the 
final week and within the normal range (<1.5 mg/dl) in 6 
of 10 dogs. The mean uP/C values in the dogs were >1.0 
for the entire duration of the experimental period after the 
second surgery. The highest and lowest mean uP/C values 
in the dogs were at 1 week (2.87 ± 0.51) and 18 weeks (1.09 
± 0.45), respectively.

In group B, the baseline BUN, sCr, and uP/C values were 
significantly increased after the second surgery. The mean 
BUN was >90 mg/dl during the first 3 weeks in this group. 
Moreover, 5 of 8 surviving dogs had a BUN >100 mg/dl at 2 
weeks. Thereafter, it slowly decreased until 15 weeks. At this 

time, the BUN was lowest (57.21 ± 38.51 mg/dl) and within 
the normal range (<25 mg/dl) in 3 of 8 dogs with CKD. After 
15 weeks, the BUN concentration increased again to >70 mg/
dl. The mean sCr value was 4.17 ± 1.95 mg/dl after surgery 
and steadily decreased until 15 weeks. At this time, the sCr 
was lowest (1.98 ± 0.87 mg/dl) and within the normal range 
(<1.5 mg/dl) in 3 of 8 dogs. After 16 weeks, the mean sCr 
value increased again to levels >2 mg/dl. The mean uP/C in 
dogs was >1.5 for the entire experimental period after the 
second surgery. The lowest mean uP/C in the dogs was at 
2 weeks (1.66 ± 0.68) and 16 (1.66 ± 0.80) weeks, and the 
highest value was at 12 weeks (3.19 ± 1.96).

The mean BUN and sCr in four sham-operated dogs were 
14.54 ± 4.09 mg/dl and 0.64 ± 0.07 mg/dl, respectively. One 
sham-operated dog had an abnormal uP/C value (1.73) 
at 2–4 weeks; thereafter its uP/C value decreased until it 
reached 0.26. There were no abnormal uP/C values in the 
other dogs. 

Kidney tissue 

Tissue samples were obtained after the end of the 18-week 
study. Dogs with CKD in group B exhibited more signifi-
cant histological damage, as assessed by increased tubular 
interstitial fibrosis, tubular atrophy, and inflammation than 
dogs in group A, whereas the sham group exhibited nor-
mal kidney structure. Development of kidney fibrosis was 
confirmed by periodic acid-Schiff, Masson’s trichrome, and 
Sirius red staining (Fig. 4A), and correlated with increased 
collagen IV and αSMA levels (Fig. 4C). Group B exhibited 
more glomerular sclerosis (p = 0.015) and a higher semi-
quantitative score for fibrotic area (p = 0.007) than group 
A when evaluated according to Masson’s trichrome stain-
ing (Fig. 4B). Kidney inflammation was demonstrated by 
NF-κB/p65 and macrophage (Fig. 4D). Phosphorylated 
extracellular signal-regulated protein kinase played a role 
in apoptosis of tubular epithelial cells and increased in dogs 
with CKD in group B (Fig. 5) (Pat et al. 2005).

Discussion

In this study, we established a sophisticated canine model 
of CKD by 15/16 Nx. We also demonstrated that successful 
management of BP in the early stages of CKD is an important 
factor in slowing the progression of fibrosis. 

A reduction of renal mass, which means a decrease in 
the nephron/glomerular number, reduces kidney function 
and results in hyperfiltration of the remaining kidney, which 
leads to progression to kidney damage (Shirasaki et al. 2004). 
Similar consequences have occurred in human subjects 
with nephrectomy due to donation and renal cell carcinoma 
(Chapman et al. 2010; Kim et al. 2012; Li et al. 2014). The 
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reduction of renal mass has been used as a CKD induction 
model in animals. Over recent decades, 1/2 to 15/16 Nx 
procedures have been used when the canine remnant kidney 
model has been used to study CKD (Brown 2013). Although 
5/6 Nx in mice has been sufficient to induce CKD, 1/2 to 

7/8 Nx in dogs has not been accompanied by progressive 
renal damage (Bourgoignie et al. 1987; Santos et al. 2006). 
This supports the view that canine kidneys are more resist-
ant to systemic hypertension than rodent kidneys, and an 
Nx of at least 15/16 is necessary to create a canine remnant 
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Figure 4. Morphological profiles of the kidney cortex from dogs with chronic kidney disease (CKD) according to timing of blood 
pressure control. A. Dogs with CKD exhibited significantly more tubular atrophy, mononuclear inflammatory infiltration, and fibrosis 
than the dogs in the sham group. Group B exhibited more aggressive fibrosis than group A, as indicated by periodic acid-Schiff, Mas-
son’s trichrome, and Sirius Red staining. (400× objective). B. Fibrosis as assessed by Masson’s trichrome in all groups of Beagle dogs. 
* p < 0.05; ** p < 0.001. C. Immunochemical staining results for type IV collagen and αSMA in kidney tissues. Kidney injury and renal 
interstitial fibrosis were detected more often in dogs with CKD, especially in group B, than in the sham group (100× objective). D. Im-
munohistochemical staining of fibrotic markers: p65, macrophage were performed to detect the degree of tubulointerstitial fibrosis in 
CKD group, especially in group B (400× objective). 
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kidney model for use in a CKD study. Therefore, among the 
available experimental models for canine CKD, 15/16 Nx 
has been mainly used (Brown et al. 1991; Finco 2004). We 
successfully established the 1/16 remnant kidney model in 
Beagle dogs for induction of CKD and achieved marked 
impairment of renal function in both CKD groups. A pre-
vious study reported that dietary phosphorus restriction 
improved the survival rate following 15/16 Nx in mongrel 
dogs without drug treatment (Brown et al. 1991). However, 
unlike that study, the present study did not include a change 
in dietary formula, even though the dogs with CKD were in 
an abnormal state (i.e., post-Nx and with uremia). Instead of 
altering diet, CKD was controlled in these dogs by the use of 
hypertensive drugs to mitigate the effect of dietary change(s). 
Consequently, the survival rate in our Beagle dogs with CKD 
was similar to that of mongrel dogs with CKD in a previous 
study (Brown et al. 1991). Although previous studies and our 
own study used different species of dogs, the results suggest 
that a hypertensive drug and dietary mineral restriction can 
improve survival in dogs with CKD. 

Non-human primates have been regarded as ideal experi-
mental animals because of their structural and functional 
similarities to humans. However, monkeys and chimpanzees 
have the same emotions as humans and share common infec-
tions. In addition, they are expensive and difficult to handle. 

For these reasons, experimentation involving non-human 
primates is prohibited in many countries (Coors et al. 2010). 
Dogs have been used in the development of nephrologic care, 
especially in dialysis and transplantation (Abel et al. 1914; 
Yarger and Griffith 1974; Tilney 2003). Blood vessels and 
kidney mass of dogs are so large that it is easier to operate 
compared with rats or mice. The canine model of CKD is 
similar to that of human CKD, and helps our physiological 
and pathophysiological understanding of the disease in 
humans as well as in dogs. Therefore, development of a so-
phisticated canine CKD model is important for conducting 
experiments and understanding CKD in humans. 

The International Renal Interest Society criterion for 
diagnosis of hypertension in dogs has been proposed for 
clinical canine patients (Grauer 2017). However, it is known 
that estimation of BP in untrained or non-anesthetized dogs 
is more erratic and higher than in trained or anesthetized 
dogs (Bartges et al. 1996). Therefore, an SBP >180 mmHg in 
untrained dogs has been suggested to indicate hypertension 
and was treated with antihypertensive drugs in our study. 

Three dogs in group B developed severe clinical signs, 
including anorexia, mild lethargy, vomiting, and rapid 
loss of body weight, in the 2 weeks following the second 
surgery. After the onset of clinical signs, their physical state 
deteriorated rapidly and they were humanely euthanized. 

Figure 5. Immunolocalization of phosphorylated extracellular signal-regulated protein kinase (pERK) in a chronic kidney disease 
(CKD) model, in which pERK was found in the tubular epithelium in the outer medulla, with many dual-labeled epithelial cells 
(200× objective).
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However, although the other dogs that had hypertension 
(SBP >180 mmHg) did not exhibit significant clinical signs, 
amlodipine was administered to prevent sudden death. 

In our study, both groups of CKD models exhibited higher 
creatinine, higher proteinuria, and higher BP than the sham 
groups. Most of the values had stabilized by 4 weeks postoper-
atively. The main difference between group A and group B was 
the management of BP during the first 2 weeks after surgery. 
In group A dogs, SBP was controlled to <160 mmHg until 16 
weeks and <180 mmHg until 18 weeks. Interestingly, renal 
function in group A was better than in group B throughout 
the study. Furthermore, less severe inflammation and fibrosis 
were observed in kidney tissue samples from group A than 
in group B. A study investigating the renal consequences of 
Nx found that the remaining kidney adapts functionally by 
renal hyperfiltration (Tilney 2003). However, renal hyperfil-
tration impacts kidney function and leads progressively to 
CKD (Hostetter et al. 1981, 1995; Finn 1982). The remnant 
kidney may be at its most vulnerable immediately after the 
surgical procedure. Changes in the hemodynamics of the 
kidney that result in renal hyperfiltration are a crucial factor 
in the progression of CKD (Mueller and Luyckx 2012). This 
observation supports that view that early management is 
important to control risk factors that may cause kidney injury. 
Strict BP control in the early stage of CKD may suppress the 
progression of iatrogenic CKD, such as Nx, in a patient with 
renal cell carcinoma or a kidney donation for transplantation. 
Although we did not observe progression of tubular fibrosis 
or glomerular changes on histopathological examination 
midway through the study, early glomerular injury and sub-
sequent onset of tubular fibrosis would be expected based on 
the trend in uP/C and later histological findings.

In summary, we established a sophisticated model of CKD 
using 15/16 Nx in Beagle dogs, which may help us better un-
derstand CKD in humans. Control of BP as soon as possible 
will help prevent progression of the disease. In this canine 
model of stable CKD, we established that early BP control 
has a favorable effect in patients with CKD. 
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