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Spontaneously Diabetic Torii (SDT) fatty rat model   



The SDT fatty rat: a unique model of type 2 diabetes



The SDT fatty rat: a unique model of type 2 diabetes



Characterization of the SDT fatty rat 
with unilateral nephrectomy+salt supplementation



Dapagliflozin reduces hyperglycemia and prevents
Glomerular filtration rate decline in Unx+0.3% salt SDT fatty rats 
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SD: Sprague Dawley rats (negative ctrl); SDT SHAM: SDT fatty rat +0.3% salt but no nephrectomy; SDT UNX: SDT fatty rat +0.3% salt with unilateral nephrectomy (Unx); SDT UNX DAPA: 
SDT fatty rat +0.3% salt with unilateral nephrectomy and dapagliflozin 1mg/kg/day in diet 



Characterization of the SDT fatty rat 
w/ unilateral nephrectomy+salt supplementation



Dapagliflozin alters glomerulosclerosis grade distribution 
and reduces renal inflammation



Dapagliflozin reduces renal cortex fibrosis score 
(Pharmanest) and podocyte effacement (Nipoka)



Histology (Aiosyn)

*: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001: Student t-test with or without Welch’s correction
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SD rats

SDT-Fatty 

Sham-operated rats

SDT-Fatty 

UnX-operated 

rats

Dapagliflozin

-treated rats
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Characterization of the SDT fatty rat 
w/ unilateral nephrectomy+salt supplementation



CONCLUSION:

•Sham operated (2 kidneys) SDT-fatty rats + 0.3% salt have:

-hyperflitration at early stage then GFR declines with disease progression. 

-polyuria, glucouria and show higher albumin to creatinin ratio and KIM-1 urine levels 

-higher kidney weight, higher PAS staining, higher number of glomeruli with high score glomerulosclerosis, greater kidney inflammation and kidney 

fibrosis (particularly in the cortex).

-broadened podocytes and bigger diameter of glomeruli

•Compared to sham, UnX SDT-fatty rats + 0.3% salt show:

-GFR decline, which is earlier and stronger at later stage of the disease. 

-higher albumin to creatinin ratio, and even greater KIM-1 urine levels

-higher kidney weight, higher number of glomeruli with high score glomerulosclerosis, greater kidney inflammation and fibrosis particularly in the 

organization, aggregate and complexity in the cortex and around the glomeruli

-even more broadened podocytes and even bigger diameter of glomeruli

In UnX SDT-fatty rats + 0.3% salt, dapagliflozin 

-improves GFR and decreases urine KIM-1 levels

-improves kidney inflammation.

-reduces the number of glomeruli with middle stage glomerulosclerosis and the number of sclerotic glomeruli

-decreases the number of atrophic and dilated tubuli

-reduces kidney fibrosis, specifically in the cortex and around the glomeruli and the more complex fiber are decreased

-improves podocytes impairement and reduces the diameter of glomeruli



ZSF-1 + UnX

versus 

SDT-fatty + UnX rats



ZSF-1 rats SDT-fatty rats

- Receipt at 4 weeks of age from Japan 

- Uniphrectomy at 6 weeks of age 

- 0.3% salt water at 7 weeks of age

- 10 weeks of treatment period from salt supplementation

- Euthanasia at 17 weeks of age 

- Reference drug : dapagliflozin, 12ppm in the diet.

= at least 13 weeks of study from receipt

Zhi et al., 2018

- Uniphrectomy at 7-10 weeks of age 

- Dosing start at 3 or 9 week after UnX surgery

- Euthanasia after 12-week-treatment-period, i.e. at 

least 21 weeks of age or 30 weeks of age.

- Reference drug : losartan at different doses.

= at least 15 weeks of study from receipt

Zhi et al., 2016

- Uniphrectomy at 8 weeks of age (called 1K group)

- Euthanasia at 12 or 24 weeks post-surgery, i.e. 20 

weeks or 32 weeks of age.

= at least 20 weeks of study from receipt



ZSF-1 rats SDT-fatty rats

Zhi et al., 2016
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Conclusion : after calculation, 24-hour proteinuria over 24 at week 10 in SDT-fatty rats is equal to 0.8g. 

Strikingly, the urine protein excretion at week 17 of age in SDT-fatty + UnX is observed at week 32 of age in ZSF-1 + UnX. 
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ZSF-1 rats SDT-fatty rats

Zhi et al., 2016
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Conclusion : Urine cystatin-C excretion (= tubular damage) are much higher in SDT-fatty rats 5 and 10 weeks after the surgery 

than in 32 week-old ZSF-1 rat + UnX (ZSF-1 + UnX : square dashed line). 
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ZSF-1 rats SDT-fatty rats

Zhi et al., 2016
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Conclusion : % Coll3  in SDT-fatty + UnX differs significantly to what is observed for SDT-fatty sham-operated rat at 17 weeks of 

age. That is not the case in ZSF-1 rat (at 32 weeks of age) when black and red columns are compared on graphs f and h.

Glomerulosclerosis score is also higher in SDT-fatty + UnX than in ZSF-1 + UnX (called ‘GSI’ in the graph).

0

2

4

6

%

p
e

rc
e
n

ta
g

e
 o

f 
c

o
ll

a
g

e
n

 I
II

✱✱

✱✱



CONCLUSION: 

Compared to ZSF1 rat, kidney dysfunction is observed earlier in SDT-fatty + UnX + salt 

and is even stronger for some parameters including kidney histology. 



Characterization of the SDT fatty rat 
w/o nephrectomy/salt supplementation



SDT fatty rat develops Type 2 diabetes, 
Kidney dysfunction (hyperfiltration) and neuropathy



SDT fatty rat gradually develops grade III HFpEF
(restrictive filling pattern)



SDT fatty rats develops arterial hypertension correlating with higher 
intraventricular pressure, along with LV dilation 

left ventricle pressure volume catheterization 



SDT fatty rats develops kidney dysfunction and lesions
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