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Summary 
Diabetic nephropathy, included in diabetic kidney disease (DKD), 
is the primary disease leading to end-stage renal disease (ESRD) 
or dialysis treatment, accounting for more than 40 % of all 
patients with ESRD or receiving dialysis. Developing new 
therapeutics to prevent the transition to ESRD or dialysis 
treatment requires an understanding of the pathophysiology of 
DKD and an appropriate animal model for drug efficacy studies. 
In this study, we investigated the pathophysiology of diabetic 
kidney disease with type 2 diabetes in uninephrectomized 
db/db mice. In addition, the nephrectomized db/db mice from 
10 weeks to 42 weeks were used to assess the efficacy of long-
term administration of the angiotensin-II–receptor antagonist 
losartan. The blood and urinary biochemical parameters and the 
blood pressure which is a main pharmacological endpoint of the 
losartan therapy, were periodically measured. And at the end, 
histopathological analysis was performed. Uninephrectomized 
db/db mice clearly developed obesity and hyperglycemia from 
young age. Furthermore, they showed renal pathophysiological 
changes, such as increased urinary albumin-creatinine ratio 
(UACR) (the peak value 3104±986 in 40-week-old mice), 
glomerular hypertrophy and increased fibrotic areas in the 
tubulointerstitial tubules. The blood pressure in the losartan 
group was significantly low compared to the normotensive 
Vehicle group. However, as expected, Losartan suppressed the 
increase in UACR (829±500) indicating the medication was 
sufficient, but the histopathological abnormalities including 
tubular interstitial fibrosis did not improve. These results suggest 

that the uninephrectomized db/db mice are useful as an animal 
model of the severe DKD indicated by the comparison of the 
efficacy of losartan in this model with the efficacy of losartan in 
clinical practice. 
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Introduction 
 

The incidence and prevalence of chronic kidney 
disease (CKD) are increasing worldwide [1]. According 
to the US Renal Data System, about 30 million 
Americans were afflicted by CKD in 2017, a prevalence 
of almost 15 % [2-4]. In Japan, approximately 13 % of 
the adult population, 13.3 million people are living with 
CKD [5]. The number of patients on dialysis due to end-
stage renal disease (ESRD) is increasing every year, 
creating it a major economic burden in healthcare [6]. 

CKD is defined as any condition that causes 
abnormalities of kidney structure or function for more 
than 3 months with notable implications for patient health 
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[7,8]. Regardless of initial etiology, the common 
pathological features of CKD are fibrosis, tubular 
atrophy, and interstitial inflammation. Kidney 
dysfunction has been shown to be more correlated with 
tubular interstitial damage than glomerular damage, often 
associated with the loss of peritubular capillaries, and it 
has been reported that hypoxia and other factors are the 
final common mechanism of transition from CKD to 
ESRD [9,10]. 

Diabetic nephropathy, included in diabetic 
kidney disease (DKD), is the primary disease leading to 
ESRD or dialysis treatment, accounting for more than 
40 % of all patients with ESRD or receiving dialysis 
[5,11]. Lifestyle-related diseases and metabolic syndrome 
are intimately linked to the development of CKD. Reports 
from epidemiological studies in Japan have shown that 
there is an increase in the cumulative incidence and 
relative risk of CKD in patients with metabolic syndrome 
[12]. Renal damage due to obesity also involves insulin 
resistance; consequently insulin resistance increase the 
likelihood of proteinuria [13,14]. In addition, as renal 
function declines, insulin resistance rises, creating  
a vicious cycle. 

Inhibiting the transition to ESRD would seem to 
be an important treatment strategy for CKD, but there are 
not any drugs preventing effectively the CKD from 
development to ESRD. In drug development, it is 
important to select appropriate animal models to estimate 
the efficacy in humans. In addition, it is necessary to 
determine the relevance of the various models to human 
pathology using those animal models to evaluate the 
efficacy of a drug. 

Various models of renal injury have been 
described, including chemical-induced models such as  
the ones induced by Adriamycin [15] and Cisplatin [16] 
and surgical models such as the ones induced by  
5/6 nephrectomy [17] and Unilateral Ureter Obstruction 
(UUO) [18]. However, in these animal models, disease 
progression begins with an artificial insult causing  
a single cellular injury, which is different from the 
complex pathogenesis of DKD in humans and is not 
accompanied by the background of systemic metabolic 
abnormalities, such as obesity and insulin resistance, 
normally linked to CKD progression. These models are 
useful for evaluating limited aspects of the mechanism. 
On the other hand, when evaluating drugs for CKD, 
which has complex characteristics, there may be gaps 
between drug efficacy estimated in existing animal 
models and drug efficacy estimated in humans. 

The db/db mouse is a type 2 diabetes model with 
a mutation in the leptin receptor gene [19] and individuals 
have a background of overeating, obesity, and elevated 
levels of blood glucose, urine glucose, and urine protein 
from a young age. Furthermore, the renal damage 
worsens with age and the common pathological features 
of CKD such as tubulointerstitial fibrosis can develop. 
Therefore, db/db mice may be an useful animal model of 
CKD. Here, we removed one kidney of these db/db mice 
putting additional stress on the other remaining kidney to 
determine whether these animals could be used as 
a pathological model of severe DKD. It is also important 
that drugs used in clinical practice in humans is 
comparable to the effects detected in mice. In this  
study, we investigated the pharmacological effects of 
repeated administration with losartan in uninephrec-
tomized db/db mice. 
 
Methods 
 
Animals and chemicals 

Male BKS.Cg-+Leprdb/+Leprdb/Jcl (db/db) and 
BKS.Cg-m+/+Leprdb/Jcl (db/m) were purchased from 
CLEA Japan, Inc. (Tokyo, Japan). All animal protocols 
complied with the Laboratory Guidelines for Animal 
Experimentation of Japan Tobacco. Animals were housed 
in a controlled room (temperature 23±3 °C, humidity 
55±15 %, 12 h lighting cycle) and allowed free access to 
diet and water.  

At 7 weeks of age uninephrectomy (defined as 
1K mice) was performed through a 1-cm flank incision as 
previously described in db/m and db/db mice [20]. The 
kidneys in other mice were left intact (defined as  
2K mice).  

db/m group (n=6 from each group), 2K db/db 
(n=5) and 1K db/db (n=4) a normal powdered diet (CE-2) 
(Oriental Yeast; Tokyo, Japan) was fed, and the losartan 
group (n=4) was fed CE-2 supplemented with 0.04 % 
(w/w) losartan potassium (LKT Laboratories Inc.;  
St. Paul, MN, USA) from the age of 10 weeks. 

 
Body mass and biochemical parameters 

Body mass was monitored once every four 
weeks and the other parameters were measured once 
every eight weeks until the animals were 42 weeks of 
age. Blood samples were collected from the subclavian 
vein using a heparin-treated syringe. To collect urine 
samples, mice were housed in metabolic cages. Glucose 
and urea nitrogen concentration (BUN) levels were 
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measured using commercial kits (Roche Diagnostics, 
Basel, Switzerland) and an automatic analyzer (Hitachi 
7180; Hitachi, Tokyo, Japan). Plasma and urinary 
creatinine concentrations were measured by a High-
Performance Liquid Chromatography (HPLC) system 
(Waters Corporation; Milford, MA, USA). The urinary 
albumin concentration was measured using the LBIS 
Mouse Albumin ELISA kit (AKRAL-121, FUJIFILM 
Wako Shibayagi, Gunma, Japan) according to the 
manufacturer’s instructions. Urinary albumin-creatinine 
ratio (UACR) was calculated as [urinary albumin 
(μg/ml)] divided by [urinary creatinine (mg/dl)]. 
Creatinine clearance (Ccr, ml/min) and body mass 
corrected creatinine clearance (Ccr BM, ml/min/kg) were 
calculated from plasma creatinine concentration (Pcr, 
mg/dl), urine creatinine concentration (Ucr, mg/dl), urine 
volume (UV, ml/24 hr), and body mass (BM, g) using the 
following equation: 

Ccr (ml/min)=Ucr × UV / Pcr 
Ccr BM (ml/min/kg)=Ccr × 1000 / BM 

 
Blood pressure and heart rate 

Systolic blood pressure (SBP) and heart rate 
(HR) were measured in mice at 36 weeks of age using  
a non-invasive automatic blood pressure measurement 
device (BP-98A, Softron Co., Ltd., Tokyo, Japan). 
 
Morphological analysis 

At 42 weeks of age, all mice were sacrificed 
under anesthesia and both kidneys were dissected for 
subsequent analysis. The kidneys were weighed, fixed 
with 4 % paraformaldehyde, embedded in paraffin, 
sectioned, stained with hematoxylin and eosin (HE), 
Schiff periodate (PAS), and Sirius red (SR), and 
examined using a light microscope to visualize 
pathological change and evaluate the Sirius red-stained 
fibrotic areas. We photographed three representative 
fields of the cortex, avoiding the glomeruli, examined the 
fibrotic area in each field at ×200 magnification, and 
quantified the fibrotic area in each field using the image 
processing integration software inForm (PerkinElmer, 
Inc., Waltham, MA, USA). The fibrotic rate was 
calculated by dividing the area stained with Sirius red by 
the total area. The mean value of fibrotic rate in the three 
fields was calculated as the overall fibrosis rate. 

 
Statistical analysis 

All results are expressed as mean±standard 
deviation. Statistical analyses of differences between 
groups were performed by a Student t-test or Aspin-

Welch t-test. All statistical analyses were performed 
using Statlight 2000 (Yukms Corp., Kawasaki, Japan) 
statistical software. Differences were accepted as 
significant at p<0.05. 

 
 

 
 
Fig. 1. (A) Body mass was monitored once every four weeks and 
(B) blood glucose levels were measured once every eight weeks 
from study start to study termination. Data represent means ± 
standard deviations (n=3-6). # p<0.05, ## p<0.01; significantly 
different from db/m group. * p<0.05; significantly different from 
2K group. 2K db/m = intact db/m mice, 1K db/m = 
uninephrectomized db/m mice, 2K db/db = intact db/db mice, 
1K db/db = uninephrectomized db/db mice 

 
 

Results 
 
Parameters of type 2 diabetes in db/db mice 

db/db mice demonstrated heavier body mass and 
higher blood glucose compared to db/m mice (Fig. 1). 
Due to the effect of the operation, the body mass gain 
was moderate in 1K db/db mice comparable to the  
2K db/db mice. The body mass of 2K db/db peaked at  
16 weeks and decreased since then. At 42 weeks, the 
body mass of 2K db/db were lighter than 2K db/m. Blood 
glucose was not affected by uninephrectomy throughout 
the whole period, blood glucose in db/db mice was higher 
than that in db/m mice (Fig. 1B). 
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Renal function parameters of type 2 diabetes in db/db 
mice 

In db/db mice compared with db/m mice, UACR 
increased significantly from 8 weeks of age (Fig. 2A). 
The UACR of 1K db/db mice tend to increase from  
16 weeks (9 weeks post-operatively) 2 times higher than 
that of 2K db/db mice and at 40 weeks significant 
increase was seen. 

 
 

 
 
Fig. 2. (A) Urinary albumin-creatinine ratio (UACR), (B) Creati-
nine clearance by body mass corrected (Ccr BM) and (C) blood 
urea nitrogen concentration (BUN) were measured once every 
eight weeks from study start to study termination. Data 
represent mean ± standard deviation (n=3-6). # p<0.05,  
## p<0.01; significantly different from db/m group. * p<0.05,  
** p<0.01; significantly different from 2K group. 

 

As for Ccr (Fig. 2B), the state of hyperfiltration 
continued after 16 weeks of age in db/db mice. In  
1K db/db mice compared with 2K db/db mice, there was  
a declining trend in Ccr from 32 weeks of age. 

BUN showed little change throughout the whole 
period (Fig. 2C). However, 1K db/db mice showed  
an increasing trend between 32 and 40 weeks of age  
(2K db/m 20.4±1.7 mg/dl, 1K db/m 29.1±4.3 mg/dl,  
2K db/db 24.3±4.3 mg/dl, 1K db/db 46.6±19.8 mg/dl at 
40 weeks of age). 

Kidney mass at 42 weeks of age was heavier in 
db/db mice than in db/m mice, and even greater after 
uninephrectomy (Table 1). 
 
Kidney pathology of type 2 diabetes in db/db mice 

The histopathological changes of the kidney were 
examined by HE, PAS, and SR staining in four groups of 
42-week-old db/m mice and db/db mice is shown in Fig. 
3A. There were no changes suggestive of renal impairment 
in both the 2K and 1K groups of db/m mice. In db/db mice, 
an increase in glomerular size, an increase in mesangial 
area, and development of tubular lesions including tubular 
dilatation were observed and tend to be more severe in  
1K mice than 2K mice. In addition, glomerular sclerosis, 
degeneration, and regeneration of tubular epithelial cells 
were also increased in 1K (data not shown). 

Fibrosis was quantified using the area stained 
with Sirius Red as an index, and the results of positive 
area evaluation of Sirius Red staining are shown in  
Fig. 3B. The Sirius Red positive area tended to be larger 
in db/db mice than in db/m mice and expanded more in 
1K mice than in 2K mice (2K db/m 0.8±0.6 %, 1K db/m 
1.9±1.8 %, 2K db/db 3.6±2.5 %, 1K db/db 7.6±9.8 %). 
 
Effect of losartan on type 2 diabetes in 
uninephrectomised db/db mice 
Blood pressure, the main pharmacological endpoint of 
losartan, and heart rate were assessed (Table 2). In the  
2K db/db group, blood pressure was significantly lower 
than in the 2K db/m group and was unaffected by 
removing one kidney. In 1K db/db mice, losartan 
(compared with vehicle) significantly lowered systolic 
blood pressure. Heart rate was lower in db/db mice 
compared with db/m mice, but was unaffected by 
uninephrectomy and losartan treatment. 

On the renal function endpoint, losartan 
significantly reduced the UACR, but not Ccr in 40-week-
old 1K db/db mice, and the pathology of both glomerular 
and tubular specimens was similar to that in the vehicle 
group (data not shown). 
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Table 1. Kidney mass in db/m and db/db mice 
 

 2K db/m 1K db/m 2K db/db 1K db/db 

Body mass (g) 33.5±2.8 34.1±1.8 30.8±4.6 39.3±9.9 
Kidney mass (right) (mg) 286±19 455±41** 382±36## 518±174 
Kidney mass (right) (mg/100 g body mass) 866±83 1335±107** 1235±177## 1326±372 

 
Body mass and kidney mass in db/m and db/db mice were measured at 42 weeks of age. Each value is a mean ± standard deviation 
(n=3–6). ## p<0.01; significantly different from db/m group. ** p<0.01; significantly different from 2K group. 
 
  
Table 2. Blood pressure, biochemical tests of urine and blood and histology result in db/m and db/db mice 
 

 2K db/m 1K db/m 2K db/db 
1K db/db 
Vehicle 

1K db/db 
Losartan 

Systolic blood pressure (mmHg) 134±6 130±8 118±13# 125±9 90±12†† 
Heart rate (bpm) 648±61 656±37 572±53 582±53 575±59 
UACR 107±67 34±7* 594±247# 3104±986* 829±500† 
Ccr BM (ml/min/kg) 20.9±4.6 16.9±4.2 43.8±22.2 20.6±7.6 27.7±17.1 
BUN (mg/dl) 20.4±1.7 29.1±4.3** 24.3±4.3 46.6±19.8 32.6±1.8 
Sirius red positive area (%) 0.82±0.62 1.88±1.75 3.63±2.45 6.54±8.24 5.15±1.08 

 
Systolic blood pressure and heart rate were measured at 36 weeks of age. Biochemical tests of urine and blood were measured at  
40 weeks of age. The Sirius red positive area assessed the fibrous area of the kidney at 42 weeks of age. Each value is represented as 
mean ± standard deviation (n=3–6). # p<0.05; significantly different from db/m group. * p<0.05, ** p<0.01; significantly different 
from 2K group. † p<0.05, †† p<0.01; significantly different from Vehicle group. UACR, urinary albumin-creatinine ratio; Ccr BM, 
creatinine clearance body mass corrected; BUN, blood urea nitrogen. 
 
 

The tubulointerstitial fibrosis observed in the 
losartan group was similar to that observed in the vehicle 
group. The quantification of the fibrosis area showed that 
fibrosis tended to decrease with losartan administration, 
but was not significantly different between the groups 
(vehicle 7.6±9.8%, losartan 5.2±1.1%). 

 
Discussion 

 
Clinically, DKD is a kidney disease caused by 

diabetes mellitus and is characterized by increased 
urinary protein excretion. Moreover, in severe DKD, 
glomerular filtration rate is decreased and pathological 
fibrosis of tubulointerstitium is also observed [10]. The 
db/db mice with a diabetic background, and the removal 
of one of their kidneys resulted in changes similar to 
those seen in human DKD, such as increased urinary 
protein excretion, a decreased creatinine clearance,  
an indicator of glomerular filtration rate, and fibrosis of 
tubular interstitium. Thus, the uninephrectomized db/db 
mice may mimic the condition of severe DKD.  

In this study, we focused on interstitial fibrosis 
and renal biomarkers using creatinine clearance and BUN 
to evaluate the severity of renal disease. The presence of 

renal tubulointerstitial fibrosis in a final common 
pathway [10], which is commonly observed regardless of 
the primary disease, and considered to be an indicator of 
the severity of the disease. 

Previously, we looked for increased interstitial 
fibrosis and decreased creatinine clearance in db/db intact 
mice up to 42 weeks of age but found no evidence of 
either change (data not shown). Therefore, unilateral 
nephrectomy was performed to further exacerbate the 
renal damage, and the pathological changes over time 
were evaluated. 

In the present study, urinary albumin excretion 
and UACR increased with age in 2K db/db mice 
compared to 2K db/m mice, suggesting the development 
of renal lesions. Histopathologically, glomerular 
hypertrophy, an increase in mesangial matrix, and 
development of tubular lesions including dilatation were 
observed. However, no tubulointerstitial fibrosis nor  
a decrease in Ccr, an index of glomerular filtration 
function, was found as in previous studies. In addition, 
the mass of 2K db/db mice was lighter than 2K db/m 
mice at 42 weeks. We consider that mass reduction of  
2K db/db mice is due to a decrease of glucose utilization 
by insulin deficiency. Dalbøge et al. [21] reported that
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Fig. 3 (A) Kidney histopathology at 42 weeks of age examined by staining with hematoxylin and eosin (HE), Schiff periodate (PAS), and 
Sirius Red (SR) in four mouse groups. Bar = 100 μm. Uninephrectomy was associated with a shift toward increasing glomerular size 
(arrows), an increase in mesangial area, and tubular damage including dilatation (arrowheads) in 1K db/db mice. (B) The data (percent 
of Sirius Red positive areas) are shown as individual points as well as means ± standard deviations. 

 
 

plasma insulin and C-peptide concentrations increased up 
to 10 weeks, whereafter they declined until 34 weeks of 
age. They hypothesized that this due to a low beta cell 
proliferation and as a result, in their 2K db/db mice 
developed glucose intolerance and their body mass 
significantly decreased. Remarkably, similar to Dalbøge 
et al.`s observations, in one of our 2K db/db mice also 
became obese at the start, but the mass rapidly declined 
after 30 weeks.  

On the other hand, in 1K db/db mice, urinary 
albumin excretion and UACR were further increased 
beyond their levels compared to 2K db/db mice. As the 
creatinine clearance findings show, total renal glomerular 
filtration rate is decreased by uni-nephrectomy. 
Therefore, it is thought that albumin excretion and UACR 
was decreased in 1K db/m compared to 2K db/m. On the 
other hand, db/db mice were hyperglycemic and reached 
a hyperfiltration state to excrete glucose [22]. It is 
considered that the enhanced glucose excretion 
mechanism associated with hyperglycemia exceeding the 
reduction in filtration rate due to nephrectomy. The 

pathological findings in 1K db/db showed not only 
a tendency toward aggravation of the above glomerular 
damage, but also an expansion of Sirius Red-stained 
tubulointerstitial area, suggesting accelerated fibrosis of 
the tubules. Accelerated renal lesion development in 
unilaterally nephrectomized mice suggest that unilateral 
nephrectomy accelerated the development of renal 
lesions, as in previous studies [20]. Furthermore, it is 
considered that we were able to evaluate the severe 
pathology by extending the observation period where the 
level of Ccr and BUN changed. There was a downward 
trend in Ccr after 32 weeks of age, suggesting a decline in 
renal function due to a decrease in glomerular filtration 
rate. Creatinine is used as a tracer because creatinine is 
not absorbed from the tubules and secreted creatinine 
accounts for only about 10-20 % of urinary creatinine 
excretion in humans. In mice, on the other hand, about 
35-50 % of creatinine excreted is secreted from the 
tubules [23]. Therefore, the amount of creatinine in the 
urine of mice is more compared to the amount of 
creatinine in the urine of humans. In other words, Ccr is 
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considered less likely to decrease in mice than in humans. 
However, the fact that Ccr levels tended to decrease in 
mice suggest that the renal function of both glomeruli and 
tubules had deteriorated considerably. BUN levels also 
changed after 32 weeks of age, as well as in Ccr levels. In 
db/db mice where polyuria develops due to diabetes, 
increased excretion lowers BUN, making it difficult to 
observe an increase in BUN due to decreased renal 
function. Nevertheless, an increase of BUN was observed 
at the same time as Ccr decreased [24]. These results 
suggest that in addition to pathological changes in the 
kidney, the reabsorption mechanism is beginning to 
malfunction. The pathological features of CKD, such as 
fibrosis, tubular atrophy, and interstitial inflammation, 
were observed regardless of the initial etiology, and 
suggested that the disease was similar to severe DKD. 

Using this model, we evaluated the effect of 
losartan, which is clinically used for the treatment of 
hypertension and proteinuria in type 2 diabetic 
nephropathy. First, we examined the effect of losartan on 
blood pressure. The blood pressure was significantly 
lower in 2K db/db mice than in 2K db/m mice. Although 
no effect of unilateral nephrectomy on blood pressure 
was observed, losartan administration had the effect of 
adequately lowering blood pressure. Therefore, the 
exposure of losartan in this study was sufficient to show 
a drug effect. Blood pressure in 2K db/db was 
significantly reduced, compared with 2K db/m. The 
tendency of low blood pressure in db/db was confirmed 
in our previous study as well. Simonds et al. [25] 
reported blockade of leptin signaling reduces blood 
pressure in obese mice, although they did not report  
a clear hypotensive effect in db/db, suggesting that this 
may be a protective response to obesity hypertension. 
Next, we examined the effect of losartan on the kidneys. 
Compared to the vehicle group, the losartan group 
showed a significantly reduced UACR from the start of 
treatment to the end of the study. Creatinine clearance 
and BUN also showed tendency to delay the progression 
of the disease but without apparent pathological effect on 
either glomeruli or tubules. Fibrosis in the tubular 
interstitium was evaluated based on the positive area of 
Sirius red staining, but no significant decrease was 
observed. The effect of losartan on glomerular efflux was 
thought to be due to the reduction of tubular burden 
associated with the suppression of proteinuria in the early 
stages of CKD. Losartan may reduce the burden and 
inhibit disease progression by decreasing intraglomerular 
pressure and glomerular filtration rate in the early stages 

of CKD. One of the reasons for reducing the burden was 
thought to be the reduction of reactive oxygen species 
(ROS) by decreasing the amount of reabsorption in the 
proximal tubules. Sustained hyperglycemia, together with 
increased blood levels of fatty acids, induce oxidative and 
inflammatory stress, which is largely associated with  
a progressive renal failure in type 2 diabetes [26]. Fatty 
acids and other ligands bound to albumin are known to 
induce the production of ROS that impair proximal tubule 
function [27]. Enhanced oxidative stress may transform 
tubular epithelial cells into αSMA-positive 
myofibroblasts [28]. Another report that evaluated 
losartan’s effect on renal fibrosis progression in a non-
clinical animal model (the UUO rat model) showed 
efficacy in inhibiting renal fibrosis and apoptosis via 
phosphorylation of STAT3 [29]. Losartan alleviates renal 
fibrosis and inhibits endothelial-mesenchymal transition 
under high-fat diet-induced hyperglycemic conditions 
[30]. However, both of these structural changes were only 
partially inhibited. In a clinical study, a follow-up study 
of the long-term effects of losartan on kidney disease in 
American Indians with type 2 diabetic diabetes, long-
term risk of glomerular filtration rate (GFR) decline was 
not significantly different between persons randomized to 
early treatment with losartan and those randomized to 
placebo [31]. It was reported to have an inhibitory effect 
on the excretion of albuminuria but not on GFR, 
suggesting limited structural changes [32]. It is 
speculated that the lack of clinical efficacy of losartan is 
probably due to the lack of histological improvement. In 
this study, the suppression of albuminuria excretion by 
losartan medication from an early stage of DKD may 
have tended to decrease fibrosis in the tubulointerstitium, 
but there was no direct effect. In the uni-nephrectomized 
db/db mice used in this study, long-term treatment with 
losartan showed a suppression of albuminuria excretion 
but did not achieve sufficient histological effects in the 
kidney, indicated the efficacy of losartan in this model 
and thus the efficacy of losartan in clinical DKD patients. 
In the future, it will be essential to use this model to 
evaluate the pharmacological effects of SGLT2 inhibitors 
for CKD in clinical practice. 

In summary, we found a trend toward increased 
tubulointerstitial fibrosis and decreased creatinine 
clearance in older 1K db/db mice. However, losartan 
treatment exibited only a partial effect in this model. In 
the future, it is expected that drugs that could directly 
improve glomerular filtration rate and inhibit 
tubulointerstitial fibrosis will be developed. For the 
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development of such drugs, uninephrectomized db/db 
mice, as an animal model of severe DKD, may be 
efficient to evaluate the drug. 
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