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Abstract: [ Objective] To investigate the therapeutic effect of antidiabetic drug canagliflozin (CGLZ) on adriamycin—
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induced nephrotic syndrome (NS) in rats, and the evaluation of contrast—enhanced ultrasound (CEUS) combined with col-
or Doppler flow imaging (CDFI) during the treatment.[ Methods] A total of 56 male SD rats were randomly divided into nor-
mal group (NG), model group (MG) , prednisone (PAT) group (PG), low—dose single CGLZ group (LSCG) , high—dose
single CGLZ group (HSCG) , low—dose CGLZ + PAT group (LUCG) and high—-dose CGLZ + PAT group (HUCG) , with 8
rats in each group. The NS model in rats was induced by injecting adriamycin twice into the tail vein, and then the NS rats
were treated by intragastric administration daily for 6 weeks with reference of PAT. Twenty—four hour urine total protein
(24 h-UTP) was assessed one day before the start of oral administration and at the end of 2, 4 and 6 weeks after oral ad-
ministration, respectively. CDFI and CEUS were performed on the right renal artery at the end of 6 weeks after oral admin-
istration, and the blood of abdominal aorta was taken for serological test the next day.[Results] Compared with those detec-
tion index of NG rats, the 24—hour UTP of MG rats increased (P<<0.01), the serum ALB decreased and TG, TC, LDL in-
creased (P<<0.01), and CDFI shows that RRCT was thinner (P<<0.01) and the renal artery blood flow indicators RA-PI,
RA-RI, RA-S/D all increased (P<<0.05), and CEUS image shows that the TIC curve parameters TTP, AT, AUC all in-
creased and DPI decrease in MG rats (P<<0.01). After drug treatment, compared with those detection index of MG rats, 24
h-UTP decrease in LSCG after 2 weeks (P<<0.01), and decrease significantly in all drug groups after 6 weeks (P<<0.01) ;
the serological test results show that the serum ALB in all CGLZ groups increased (P<<0.05), TG decrease in LSCG (P<
0.01), TC and LDL also decrease in LUCG after 6 weeks (P<<0.05) ; CDFI shows that the RRCT thinning degree in all
CGLZ is reduced (P<<0.01), and the RA-PI in LSCG, RA-RI in PG, and RA-S/D in PG, LSCG, HSCG and LUCG rats
all decreased (P<0.05); CEUS shows that the TTP, AT and AUC of renal TIC curve in drug treatment groups all decreased
(P<0.01), and the DPI in PG, HSCG, LUCG and HUCG rats increased (P<<0.01).[Conclusions] CGLZ has the effect of
treating NS, and the small dose is the best. CEUS combined with CDFI can be used to evaluate the renal morphology and he-
modynamic changes of NS model rats before and after drug treatment, which is helpful to guide clinical application.
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R1 BEXWAHAKXRK24 h-UTP L
Table 1 Comparison of 24 h—UTP of rats between each experimental group (x +5 ,mg, n=8)
Groups 1 d before treatment Treatment for 2 weeks Treatment for 4 weeks Treatment for 6 weeks
NG 7.71 £ 1.62 8.11 +1.93 7.71 £2.20 8.11 +3.44
MG 173.66 + 34.81" 330.15 + 41.97" 409.21 + 53.75" 504.81 + 64.25"
PG 190.05 + 23.93" 301.78 + 45.71" 282.05 + 112.97" 167.87 + 116.13"Y
LSCG 155.59 = 45.91" 248.05 + 30.44' 141.59 + 51.99" 29.07 + 26.82""
HSCG 180.62 + 20.82" 290.98 + 52.64" 180.62 + 20.82 44.44 + 358177
LUCG 172.52 + 17.83" 316.20 + 29.74" 164.88 + 24.69 57.50 + 39.827°
HUCG 165.72 + 24.32" 318.33 + 39.93" 158.17 + 16.88 100.10 + 66.17*"
F 26.874 44.891 27.806 41.127
P <0.001 <0.001 <0.001 <0.001

24 h=UTP: 24 hour urine total protein; NG: normal group; MG: model group; PG: prednisolone group; LSCG: low—dose single canagliflozin

group; HSCG: high—dose single canagliflozin group; LUCG: lowl-dose canagliflozin united with prednisolone group; HUCG: high—dose cana-
gliflozin united with prednisolone group. vs. NG, VP <001 , 2P < 0.05; vs. MG, Y p <001 N Yp< 0.05; vs. PG, 9 p <001 , ¥ P< 0.05.

R2 BIXBRAXRMBELIEIRLE

Table 2 Comparison of blood biochemical indexes of rats between each experimental group (% + s, n=8)
Groups ALB/(g/L) TG/(mmol/L) TC/(mmol/L) LDL/(mmol/L)
NG 23.93 +3.65 0.52 +0.11 1.49 + 0.37 0.21 £ 0.05
MG 18.00 + 1.58" 2.98 +0.33" 4.54 +0.73" 0.95 +0.22"
PG 18.75 + 3.98" 5.71 +4.61" 3.52+1.92 0.86 + 0.48”
LSCG 21.67 + 1.25" 0.61 + 0.23"" 2.15+0.14 0.42 +0.10
HSCG 22.90 +0.717% 1.06 + 0.04 2.58 +0.24 0.45 +0.01
LUCG 24.27 + 1.06” 1.01 £0.27 1.57 + 0.06” 0.34 + 0.03"
HUCG 21.28 +2.49" 0.97 £0.21 2.58 £ 0.84 0.54 +0.35
F 5.027 28.503 24.670 22.155
P <0.001 <0.001 <0.001 <0.001

ALB: albumin; TG: triglyceride; TC: total cholesterol; LDL: low density lipoprotein. vs. NG, " P < 0.01, ¥ P < 0.05; vs. MG,

Vp <

0.01, Y P < 0.05; vs. PG, ¥ P < 0.01, © P< 0.05.
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R3 BXRAXRERREEREIFHKMRIERLER

Table 3 Comparison of renal cortical thickness and renal artery blood flow indexes of rats

between each experimental group (¥ =5, n=8)

Groups RRCT/mm RA-PI RA-RI RA-S/D
NG 3.10 + 0.354 0.67 + 0.150 0.44 £ 0.120 1.87 £ 0.385
MG 1.71 + 0.207" 1.11 + 0.205” 0.64 + 0.078" 3.42 + 0.460"
PG 1.81 +0.188" 0.79 £ 0.252 0.51 + 0.099" 2.17 + 0.486”
LSCG 2.31 +0.190" 0.74 + 0.43197 0.56 + 0.101”" 2.47 +0.64177
HSCG 2.24 +0.114"> 0.85 + 0.070" 0.56 + 0.035”” 2.26 +0.185”"”
LUCG 2.55 + 02927 0.94 + 0.141" 0.58 + 0.054”Y 2.45 +0.2917
HUCG 2.32 +0.239"Y 1.57 + 0.456"” 0.71 + 0.096" 4.14 +1.322"
F 5.027 28.503 24.670 22.155

P <0.001 <0.001 <0.001 <0.001

RRCT': right renal cortical thickness; RA—PI: renal arterial pulsatility index; RA-RI: renal arterial resistive index; RA=S/D: renal arterial
systolic/diastolic ratio. vs. NG, ” P < 0.01, 2 P < 0.05; vs. MG, ¥ P < 0.01, ¥ P < 0.05; vs. PG, *’ P < 0.01, © P< 0.05; vs. LUCG, ""P<
0.01, ¥P<0.05.

A: NG; B: In MG, the values of RA-RI, RA-PI and RA-S/D increased; C: In LSCG, the values of RA-RI, RA-PI and RA-S/D decreased;
D: In HUCG, the values of RA-RI, RA-PI, and RA-S/D increased.
B2 KRABEEEKCDFIBEER
Fig. 2 CDFI ultrasound images of the right renal artery of rats

R4 HBLIBAKR CEUS FEHRELE

Table 4 Comparison of CEUS indexes of rats between each experimental group (x +5, n=8)

Groups TTP/s AT/s DPI/dB A/(dB/s) AUC/(dB.s)
NG 9.4 +0.79 7.60 + 0.63 40.20 + 4.98 77.60 + 12.04 30.10 £ 4.36
MG 11.9 +0.85" 9.37 + 0.36" 28.22 +3.73" 40.49 + 4.32" 64.95 + 8.17"
PG 7.63 + 0.44" 5.76 + 0.04” 37.17 + 4.027 52.33 +7.73 26.32 +3.41°7
LSCG 8.45 +0.20” 7.20 + 0.24” 33.65 +3.12 57.30 + 6.34 23.95 +0.67"”
HSCG 9.75 + 0.67" 7.05 +0.28” 36.85 + 3.84” 50.15 +2.85 27.55 + 4.58”7
LUCG 9.52 +0.93" 6.65 + 0.43” 35.79 + 3.33” 48.61 +7.06 21.39 +3.3477
HUCG 8.01 + 0.26” 6.16 + 0.29” 37.65 + 4.25” 42.48 + 6.97" 37.08 + 2.90””
F 24.051 51.915 4.796 22.779 56.294

P <0.001 <0.001 <0.001 <0.001 <0.001

AT: arriving time; TTP: time to peak; DPI: derived peak intensity; A: slope rate of ascending curve; AUC: area under curve. vs. NG,

P <001, P <0.05;vs.MG, ¥ P < 001, " P < 0.05; vs. PG, ¥ P < 0.01, ¥ P< 0.05; vs. LUCG, "P<0.01, ¥P<0.05.
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BANP<0.01), S5 FL0 MR FUAY B K7 5 TTP AT JE K
DPL A FEA%, AUC 39, 32 7R B I3 P 3 a2 , o a4, 47

TESHE 45 F PAT F1 CGLZ J5 1 m] ol 40 35 (H K &
CGLZ BEFH PAT 387 FIRCR nl REAS 22

A: NG; B: In MG, the values of TTP, AT and AUC increased, DPI and A decreased; C: In LSCG, the values of TTP, AT and AUC decreased;

D: In LUCG, the values of TTP, AT and AUC decreased, DPI increased.

B3 XR'SAERFEROI & CEUS Bl K TIC #hzk

Fig. 3 CEUS images and time—intensity curves (TIC) in the region of interest (ROI) of the rat renal cortex
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