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Protective effect and mechanism of acteoside in diabetic nephropathy

WANG Dongyan, GUO Zhaoan, TANG Jingnan, LIU Hui, SU Shanshan
(Department of Nephrology , Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan 250011, China)

Abstract Objective To investigate the effects of acteoside in a rat model on of diabetic nephropathy (DN) and high-glucose-induced
glomerular mesangial cells (GMCs),focusing on the role of acteoside in the silent information regulator 1 (SIRT1) / nuclear factor eryth-
roid 2-related factor 2 (Nrf2) signaling pathway. Methods GMCs were cultured under normal glucose conditions or stimulated with
high glucose. Fibrosis, oxidative stress,SIRT1 and Nrf2 protein expression,and mitochondrial structure were assessed in four groups:
normal glucose, high glucose, high glucose+acteoside,and high glucose +acteoside+SIRT1 inhibitor (hsa62). DN was induced in rats via
intraperitoneal streptozotocin injection,and animals were divided into control, model,and acteoside-treated groups. Pathological kidney
changes, blood glucose changes,renal function indices,and protein expression of SIRT1 and Nrf2 were evaluated. Results Compared
with controls, DN model rats showed significantly elevated fasting blood glucose, serum creatinine, blood urea nitrogen,and 24-h urinary
protein levels of rats in the model group were significantly increased (P < 0.01). GMCs exhibited increased fibrosis, oxidative stress,and
mitochondrial damage. Acteoside treatment significantly improved all measured parameters (P < 0.01) ; and mitigated mitochondrial
injury. In vitro,acteoside reduced high-glucose-induced fibrosis and oxidative stress in GMCs, effects that were reversed by SIRT1
inhibition. Western blotting confirmed upregulation of SIRT1 and Nrf2 expression in both treated rat kidney tissues and GMCs (P <
0.01). Conclusion Acteoside alleviates glomerular fibrosis and oxidative stress in DN by activating the SIRT1/N1f2 signaling pathway ,
suggesting its potential therapeutic agent for DN.
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ARG FRIEN A OGRS A AT IR R R
FE I & I A R s A ) TR BT A R
2N Al RIPAZ AW . 95 AR 21 (hematoxylin-eosin
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(0.40 + 0.06,0.39 + 0.08) AHEL, i HHAL IV AU (1.55 +
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A, Western blotting; B, representative image of FN ( x 100) ;C, representative image of F-actin fluorescence staining of the cytoskeleton ( x 100). 1, nor-

mal glucose group; 2, high glucose group; 3, high glucose+acteoside group;4, high glucose+acteoside+hsa62 group.
E1 SHELEGMC 24 a4 istr R AR K 1R
Fig.1 Fibrotic index and cell hypertrophy measured at 24 h
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A, Western blotting; B, reactive oxygen species fluorescence staining image ( x 10) . 1,normal glucose group;2,high glucose group;3, high glucose+acte-

oside group; 4, high glucose+acteoside+hsa62 group.

E2 BStELEGMC 24 hiaka il fnin S EHEIRIIROSRIL K T
Fig.2 Cellular antioxidant enzyme indices and levels of ROS 24 h after treatment of glomerular mesangial cells with high glucose
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0.06) . Nrf2 (1.33 £ 0.30) ik 7K ¥ F+ & (PH4<0.01) ;
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K- AR (PY9<0.05)
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1,normal glucose group;2,high glucose group;3,high glucose+acteoside
2 groug gh g group; ghg

group; 4, high glucose+acteoside+hsa62 group.
E3 =StELEGMC 24 haie il ESIRT1/Nrf2E B RikER
Fig.3 SIRT1/Nrf2 protein expression by glomerular mesangial
cells treated with high-glucose for 24 h
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Western blottingZi 2 271k (£16), 5 1TF 20 (0.88 + A AR LY, B AR TR T 4K BUE 4 ZUSIRT1
0.10,0.95 + 0.19) Fr4s , BImIZ A B 414ISIRT1 (014 + (0.39 + 0.04) FINf2 (0.52 + 0.08) 257K - 1B 2T 25
0.04) FINrf2 (0.11 + 0.02) F3k B B FHAIK (PH<0.01);  (P¥<0.01) .

A, normal glucose group; B, high glucose group; C, high glucose+acteoside group; D, high glucose+acteoside+hsa62 group. Red arrows indicate mitochon-
drial structures.

El4 SHELIEGMC 24 hiE SRR LM KL < 8 000
Fig.4 Transmission electron microscopy visualization of mitochondrial structure after treatment of GMC with high-glucose for

24 h x8000
F1 BFEHARMMEREIEEIEREWL
Tab.1 Changes in blood glucose and renal function indexes of rats in each group
Group Fasting blood glucose (mmol/L) Serum creatinine (wmol/L)  Blood urea nitrogen (mg/L)  24-hour urine protein (mg)
Normal 52+0.7 16.5+1.7 198.7+9.2 7.8+25
Model 30.5+3.1" 68.7+5.5" 6154 +7.8" 423+49"
Acteoside-treated 24.6 +2.8" 50.8 +4.2" 503.2 + 6.4" 30.5 +3.3"

1) P <0.01 vs. normal group.

Normal group Model group Acteoside-treated group

A, HE stained sections ; B, Masson trichrome stained sections.
E5 ERHMEEATEONKREMHHERE. MassonFEIER x 200
Fig.5 HE and Masson trichrome staining of kidney sections of rats with DN after treatment x 200
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1,normal group;2,model group;3, acteoside-treated group.
E6 EHILMEEIRTEONKRKEASIRTI, Nf2E&BRIEFR
Fig.6 SIRT1 and Nrf2 protein expression in kidney tissue of rats
with DN after treatment
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