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The SDT fatty rat: a unique model of type 2 diabetes
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The SDT fatty rat: a unique model of type 2 diabetes
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Characterization of the SDT fatty rat
with unilateral nephrectomy+salt supplementation y

SDT fatty rat or Sprague Dawley rat,

male,
4-weekold
eek of treatment) + body weight/food intake / water intake wee "»
7-w of age 17-w of age
10-day —
acclimation 0.3% salt supplemented drinking water for 10 weeks

v';,week el 10-weektreatment period

v

‘ 11
unilateral vV l L l

blood collection for serum and plasma aliquots

nephrectomy 10 weeks of .
Screening procedure: 2 wete ks otf treatment stored at-80°C
(GFR, fed glycemia reatmen . . .
and body weight) | urine collection, volume and parameters (glucose, protein, +kidney, heart collection and weight

10 rats excluded with Y/ albumin, creatinine, KIM-1, cystatin-C)
6 rats used for baseline Fed glycemia *kidney histology (PAS staining, ED1, SR (Pharmanest),
podocytes (Nipoka) and Coll I11)

Glomerular Filtration Rate at 10 weeks of treatment _ . ) .
(FITC-sinistrin w/ medibeacon devices) *NFlight, PGP9.5 in footpads and small intestine,

Hargreaves test
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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 Tmg/kg/day in diet



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

Sprague Dawley (rat#3) || SDT fatty rats, Sham operated (rat #24) SDT fatty rats, UnX operated (rat #17, #20)
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Dapagliflozin alters glomerulosclerosis grade distribution
and reduces renal inflammation
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PHARMANEST

Dapagliflozin reduces renal cortex fibrosis score
(Pharmanest) and podocyte effacement (Nipoka)
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SD rats SDT-Fatty : .
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*: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001: Student t-test with or without Welch’s correction



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

@
‘o
-improves podocytes impairement and reduces the diameter of glomeruli PthIOQenex
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ZSF-1 + UnX
Versus
SDT-fatty + UnX rats
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ZSF-1 rats

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

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

]
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ZSF-1 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-1rats SDT-fatty rats

Zhi et al., 2016 SD
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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-1rat + UnX (ZSF-1 + UnX : square dashed line).
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Zhi et al., 2016 SD
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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-1rat (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).
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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.
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Characterization of the SDT fatty rat
w/0 nephrectomyy/salt supplementation ..

Male, 5-week-old
Sprague Dawley rats (n=6 rats) from Janvier Labs, France
SDT fatty rats (n=6) rats from CLEA Japan, Japan

2-week
acclimation

12-week chow diet .
l l l 12- week diet

Hargreavestest

Echocardiography 5-weekto 6-week diet
HbA1c/glucose/insulin 11-week diet: (neuropathy)
GFR (FITC-sinistrin) GFR (FITC-sinistrin)
Echocardiography
*Randomization procedure: 12-week diet:
Glomerular Filtration Rate (FITC-sinistrin) Echocardiography

HbA1c/Glucose/insulin/body weight

\

*blood and organs collection .
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SDT fatty rats develops arterial hypertension correlating with higher
intraventricular pressure, along with LV dilation
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SDT fatty rats develops kidney dysfunction and lesions
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sk k% 2500
‘The Journal of Toxicological Sciences (J. Toxicol. Sci.) 589 200
Vol.46, No.12, £89-599, 2021 {r— 2000
150 i
Original Article 1600
o . . o . 100 1000
Effects of excessive sodium chloride loading in the 500
spontaneously diabetic torii (SDT) fatty rats, a preclinical 50
A . 0
model of type 2 diabetes mellitus 0 3 P ,3,,, ,7w
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Table 3. Histopathological and i histochemical findings in kidneys from the male SDT fatty rats and SD rats (n = 5).
x " Groups
1 Pathological findings = =
Kidney: Male SDT fatty SDT fatty + NaCl SD SD + NaCl
-+ + ] - 2 4 ] -+ | -
Glomeruli
Atrophy 0O 1 4 0 0 0 0 5 0 0 5 0 0 0 O 5 0 0 0 O
Adhesion 2 21 0 0 0 2 2 1 0 5 0 0 0 O 5 0 0 0 O
Hypertrophy 0O 0 0 5 0 0O 0 1 4 0 5 0 0 0 O 4 1 0 0 0
Mesangial hyperplasia 0 0 4 1 0 0 0 1 3 1 32 0 0 0 32 0 0 0
Fibrosis 0 0 5 0 0 0o 0 1 3 1 4 1 0 0 0 32 0 0 O
Renal Tubule
Regeneration 0o 0 5 0 o0 0 1 ¥ 2 1 5 0 0 0 O 4 1 0 0 0
Tubular dilation 0 0 3 2 0 0o 0 1 2 2 5 0 0 0 O 5 0 0 0 O
Armanni-Ebstein lesion 0 0 1 4 0 0o 0 2 2 3 5 0 0 0 O 5 0 0 0 O
Hyaline cast 1 0 4 0 O 0o 0 2 2 1 s 0 0 0 O 5 0 0 0 O
Tubulointerstitium
Infiltration, inflammatorycell | 0 1 4 0 0 0 1 4 0 04 1 0 0 0 32 0 0 0
Fibrosis 0o 1 4 0 0 0o 0 1 3 1 4 1 0 0 0 3 2 0 0 0
ED-1 Positivity 2 3 0 0 0 0 0 3 1 1 32 0 0 0 2 3 0 0 0 .
M N o P Desmin Positivity 0122 0f0o 01 4 0fa 1000 23000 ‘
v Al a-SMA Positivity 03200 o 1 1 2 1fa 1 00 0fs 0000 V)
” > Each of the findings was assigned one of ive qualnauve grades: normal (-), very slight (), slight (+), moderate (++), or severe (+++)
¢ o M abnormalities. Each value in the Table (e.g., 0. 1, 2, 3, 4, 5) represents the number of rats with the pathological finding.
X - ' - - -
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Kidney histopathology of male SDT fatty rats and SD rats by salt intake. (A to D): hematoxylin and eosin (HE) staining;

arrows, double arrows, and arrowheads indicate obvious hyaline cast, tubular regeneration, and Armani-Ebstein lesion, re-
spectively. (E to H): periodic acid-Schifl (PAS) staining: arrowheads indicate hyperplasia. (Ito L): Sirius red
staining: arrows and arrowheads indicate fibrosis (gl 1i) and fibrosis (tubuloi ively. (M to P): Im-

munohistochemistry of desmin. Arrows indicate typical glomeruli that show a positive signal. Bar = |0() um.
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