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Su et al.: Mechanism of Puerarin in Diabetic Nephropathy Treatment

To investigate the renal protective effect and mechanism of puerarin in diabetic nephropathy rats. In 18 clean 
grade male Sprague-Dawley rats aged 4 w to 8 w and 12 other male Sprague-Dawley rats in the normal control 
group, a tail injection of streptozotocin 100 mg/kg was performed to establish the type 2 diabetes mellitus rat 
model. After successful modeling, rats were randomly divided into model group and puerarin group, with 6 
rats in both group. The dosage of puerarin group was 100 mg/kg/d, and the control group and model group 
were given the same amount of distilled water by gavage for 8 w. The changes of serum creatinine, blood 
urea nitrogen, total cholesterol, high density lipoprotein cholesterol, triglycerin in rats were detected. The 
24 h urinary micro albumin level was measured. The expression of Beclin 1, light chain 3II/light chain 3I 
and adenosine-monophosphate activated-protein kinase/mammalian target of rapamycin pathway proteins 
in rat kidney was detected by Western blot. Compared with the control group, the levels of triglycerin and 
total cholesterol in the model group were raised (p<0.05), and the level of blood lipid in the puerarin group 
has no difference than that in the model group (p>0.05). The levels of blood urea nitrogen, serum creatinine 
and urinary micro albumin in the model group were raised than those in the control group (p<0.05), and the 
level of urinary micro albumin in the puerarin group was reduced than that in the model group (p<0.05), 
while the other two indicators had no difference compared with the model group. The levels of Beclin 1, light 
chain 3II/light chain 3I in the renal tissue of the model group were reduced than control group (p<0.05); while 
the expression levels of Beclin1, light chain 3II/light chain 3I in kidney tissue of rats in puerarin group were 
raised than model group (p<0.05). The expression of phospho-mammalian target of rapamycin protein in 
renal tissue of model group was raised than that of control group, while phospho-adenosine monophosphate 
activated-protein kinase protein was reduced than that of control group (p<0.05). The expression of phospho-
mammalian target of rapamycin protein in kidney tissue of rats in puerarin group was reduced than that in 
model group, but phospho-adenosine-monophosphate activated-protein kinase protein was raised than that 
in model group (p<0.05). Puerarin is helpful to alleviate renal injury induced by diabetes mellitus, and it may 
be via regulating adenosine-monophosphate activated-protein kinase/mammalian target of rapamycin signal 
pathway mediated podocyte autophagy.
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An End-Stage Renal Disease (ESRD) can result 
from Diabetic Nephropathy (DN)[1]. There are 
many factors involved in DN pathogenesis, 
including hyperglycemia-mediated intracellular 
metabolic disorders, autophagy and oxidative 
stress, leading to increased Minimum Efficient 
Scale (MES) levels[2]. Neither the underlying 

mechanism nor an effective prevention or treatment 
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strategy has been identified to date. A podocyte is 
a highly differentiated epithelial cell that 
surrounds glomerular capillaries and maintains 
the glomerular filtration barrier[3]. It is essential 
that podocytes maintain their structural integrity 
in order to prevent leakage of albumin and micro 
albuminuria[4]. The mechanism of podocyte 
dysfunction in chronic kidney disease is 
increasingly being studied. Puerarin is an active 
compound of traditional Chinese medicine, which 
plays a renal protective role in Streptozotocin-
induced endothelial Nitric Oxide Synthase (eNOS) 
deficiency in diabetic mouse model[5]. However, 
the detailed mechanism of puerarin's renal 
protective effect in DN has not been explored. In 
this study, puerarin was tested for its renal 
protective effect in DN rats, as well as its 
mechanism of reducing oxidative stress and 
podocyte injury in diabetic rats. Eighteen male 
Sprague-Dawley (SD) rats aged 4 w-8 w, weighing 
(190±15) g (purchased from Beijing Hufukang 
Science and Technology Co., Ltd). The animals 
were divided into cages (7-9 animals) and housed 
in Specific-Pathogen-Free (SPF) animal rooms 
with room temperature of 22°-25° and humidity of 
50 %-60 %. The light and dark hours were 12 h, 
and the animals were fed and watered freely. The 
normal Control Group (CG) was fed with 
conventional diet, and the other rats were fed with 
high sugar and fat diet. Puerarin (Sigma Company, 
United States of America (USA)); Streptozotocin 
(Sigma, USA); rat Enzyme-Linked Immunoassay 
(ELISA) kit (Tianjin Haosi Biotechnology Co., 
Ltd.); protease inhibitor and Bicinchoninic Acid 
(BCA) protein concentration assay kit (Solarbio, 
Beijing); Rat primary antibody (CST, USA); Beta 
(β)-actin antibody (Tianjin Sanjian Biotechnology 
Co., Ltd.); immunohistochemically staining 
concentrated DAB kit (Beijing Zhongshan 
Jinqiao Biotechnology Co., Ltd.); light cycle 
(Roche, Switzerland); high-speed refrigerated 
centrifuge (Herseus, Germany); BA110S electronic 
balance (Sartorius, Germany); vertical 
electrophoresis apparatus, electro transfer device 
(Bio-Rad, USA); Automatic gel imaging analysis 
system (BD, USA) and optical microscope and 
micro camera (OLYMPUS, Japan). After 8 w of 
feeding, the blood glucose, lipid and fasting islet 
levels were measured by taking epicanthus veins 
after 12 h of fasting. After 3 d of stability, the 
weight of rats in the high-glucose and high-fat diet 

group was measured after 12 h of fasting without 
water, and streptozotocin 100 mg/kg was injected 
into the tail vein to establish a Type 2 Diabetes 
Mellitus (T2DM) rat model. The CG was given 0.1 
mol/l citrate and sodium citrate buffer. After 
successful modeling, 12 rats were randomly 
divided into Model Group (MG) and Puerarin 
Group (PG), with 6 rats in both groups. Puerarin 
was administered at a dose of 100 mg/kg/d by 
intragastric administration for 8 w, then the 
samples were sacrificed and the CG and MG were 
given the same amount of distilled water by 
intragastric administration. The dosage of the drug 
was adjusted according to the change of the body 
weight of the rats, and the general condition of the 
rats was monitored. After the rats were executed, 2 
ml arterial blood at the root of the legs was 
collected and placed in Ethylenediaminetetraacetic 
Acid (EDTA) anticoagulant tube. After 
centrifugation, the supernatant was collected. 
Serum Creatinine (SCR), blood lipids Total 
Cholesterol (TC), Blood Urea Nitrogen (BUN), 
High Density Lipoprotein Cholesterol (HDL-C) 
and Triglycerin (TG) of the rats were detected by 
automatic biochemical analyzer. Urine samples 
were collected for 24 h, and the Urine Micro 
Albumin (U-MALB) level was measured by Roche 
analyzer. The expressions of Beclin1, Light Chain 
(LC) 3II/LC3I and Adenosine-Monophosphate 
Activated-Protein Kinase (AMPK)/mammalian 
Target of Rapamycin (mTOR) proteins in rat 
kidney tissues were detected by Western blotting. 
Measurement data were expressed as standard 
deviation (x̄±s). One-way variance was used for 
comparison and analysis between multiple groups. 
Least Significant Difference (LSD)-t test was used 
for pairwise comparison, *p<0.05 was considered 
statistically significant, #p<0.05 denotes 
comparison with control group and p<0.05 
indicates comparison with model group. The levels 
of TG and TC in the MG were raised than CG 
(p<0.05), while HDL-C level has no difference 
(p>0.05), and the serum lipid level of rats in PG 
also has no difference compared with MG (p>0.05) 
as shown in Table 1. The levels of BUN, SCr and 
U-MALB in mg were raised than those in CG 
(p<0.05), the level of U-MALB in PG was reduced 
than that in MG (p<0.05), while the other two 
indexes have no difference compared with the MG 
as shown in Table 2. The levels of Beclin 1 and 
LC3II/LC3I in renal tissue of the MG were reduced 
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than CG (p<0.05); while those in renal tissue of 
rats in PG were raised than MG (p<0.05) as shown 
in Table 3. The expression of p-mTOR protein in 
MG kidney tissue was raised than that of CG, 
while p-AMPK protein was reduced than that of 
CG (p<0.05); The expression of p-mTOR protein 
in PG rats renal tissue was reduced than that in 
MG, but p-AMPK protein was raised than that in 
MG (p<0.05) as shown in Table 4. Studies have 
shown that puerarin can inhibit microalbuminuria 
in early DN patients[6]. The combination of 
puerarin and Angiotensin Converting Enzyme 
Inhibitor (ACEI) in the treatment of DN patients 
could further reduce albuminuria[7]. Meanwhile, 
studies have shown that puerarin can improve 
albuminuria in diabetic rodent model[8], which 
suggesting that puerarin has a good effect on DN. 
In addition, puerarin exhibits antioxidant activity 
both in vitro and in vivo[9], and it inhibits apoptosis 
of proximal renal tubular cells by restoring 
mitochondrial function[10]. The mechanism of 
puerarin remains unknown. It has been found that 
the antioxidant effect of puerarin on renal 
protection is mediated in part by inhibiting 
Nicotinamide Adenine Dinucleotide Phosphate 
Hydrogen Oxidase 4 (NOX4) expression in 
podocytes. DN is attenuated by NOX4 knockdown 
in podocytes, indicating that NOX4 plays an 
important role in DN regulation[11]. Other studies 
have shown that puerarin upregulates Sirtuin1 
(SIRT1) and plays an anti-inflammatory role in 
Nuclear Factor Kappa B (NF-κB) mediated 
deacetylation by SIRT1 in DN. Furthermore, 
puerarin inhibits NF-κB activity through SIRT1 
upregulation to reduce NOX4 expression, this 
confirms that NOX4 binds to NF-κB[12]. Further, 
previous studies have shown that NF-κB directly 
regulates NOX4[13]. Additionally, puerarin may 
have renal protective effects that go beyond 
antioxidants. Apoptosis of proximal renal tubular 
cells can be attenuated by puerarin via restoring 
mitochondrial function[14]. Moreover, puerarin 
improves DN by regulating Matrix 
Metalloproteinase 9 (MMP9) in podocytes[15]. By 
transferring damaged organelles and misfolded 
proteins to lysosomes, autophagy regulates cell 
differentiation, nutrient metabolism and cell 
environment[16]. In DN, podocyte loss and extensive 
proteinuria are caused by autophagy[17]. In this 
study, the corresponding changes of autophagy-
related proteins were detached in the DN model. 

The expression levels of Beclin 1 and LC3II/LC3I 
in renal tissue of the MG were raised than CG 
(p<0.05) and those in renal tissue of rats in PG 
were raised than MG (p<0.05). The results showed 
that puerarin activated autophagy by increasing 
LC3-II/LC3-I ratio and Beclin 1 level, suggesting 
the restoration of autophagy by puerarin may play 
a protective role. The AMPK/mTOR signaling 
pathway regulates autophagy in podocytes, a 
complex process regulated by numerous signaling 
pathways. The serine/threonine protein kinases 
mTOR and AMPK play an important role in 
maintaining blood glucose and energy balance[18]. 
Increased mTOR activity can inhibit downstream 
signaling proteins in the autophagy pathway, since 
mTOR is an upstream regulator of the autophagy 
pathway[19]. In podocytes, excess mTOR activity 
leads to autophagy dysregulation, which results in 
autophagy cell death, which plays a major role in 
the development of DN[20]. Autophagy is known to 
be inhibited by the mTOR pathway, which protects 
podocyte function[21]. The results showed that the 
expression of p-mTOR protein in renal tissue of 
the MG was raised than that of the CG, while 
p-AMPK protein was reduced than that of the CG 
(p<0.05); the expression of p-mTOR protein in 
renal tissue of rats in PG was reduced than that in 
MG, but p-AMPK protein was raised than that in 
MG (p<0.05). p-AMPK decreased while p-mTOR 
increased in the DN model, indicating autophagy 
inhibition. Puerarin may activate autophagy by 
regulating the AMPK/mTOR pathway, preventing 
podocyte proliferation. As a result of its anti-
oxidative stress properties, puerarin regulates 
autophagy. Puerarin also plays a significant role in 
the treatment of many other diseases. It protects 
against osteoporosis, neurological diseases and 
cardiovascular diseases[22]. When 
lipopolysaccharide-D-galactosamine causes liver 
injury in mice, puerarin improves survival, reduces 
Alanine Transaminase (ALT) and Aspartate 
Transaminase (AST) levels, and reduces 
proinflammatory cytokines by inhibiting 
apoptosis[23]. By promoting autophagy and reducing 
apoptosis, puerarin attenuates hypoxia/
reoxygenation injury in primary cardiomyocytes[24]. 
Meanwhile, puerarin inhibits autophagy and 
activates AMPK-mTOR-ULK1 signaling to protect 
the brain against ischemia/reperfusion injury[25]. 
DN exerts their kidney protective effects through 
several mechanisms, including autophagy, 
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caused by diabetes, and it may be via regulating 
AMPK/mTOR pathway and the mediation of 
podocyte autophagy. 

antioxidants and anti-apoptotic agents. Further 
studies are needed to elucidate the mechanism in 
mediating the nephroprotective effects of puerarin. 
In conclusion, puerarin can alleviate renal injury 

Group n TG (mmol/l) TC (mmol/l) HDL-C (mmol/l)

Control 6 1.73±1.35 2.32±1.18 0.63±0.24

Model 6 4.38±1.72* 6.41±2.25* 0.50±0.13

Puerarin 6 3.64±1.22* 6.28±2.14* 0.52±0.12

Note: *p<0.05

TABLE 1: COMPARISON OF SERUM LIPID LEVELS IN EACH GROUP (x̄±s)

Group n BUN (mmol/l) SCr (µmol/l) U-mAlb (µg/24 h)

Control 6 5.35±2.01 15.84±1.42 43.49±11.38

Model 6 11.52±2.43* 31.95±4.53* 247.61±23.67*

Puerarin 6 10.98±1.68 31.16±4.08 156.68±13.56*#

Note: *p<0.05 and #p<0.05

TABLE 2: COMPARISON OF RENAL FUNCTION AND U-MALB LEVEL IN EACH GROUP (x̄±s)

Group n Beclin 1 LC3II/LC3I

Control 6 1.18±0.19 1.64±0.18

Model 6 0.38±0.09* 0.45±0.09*

Puerarin 6 0.72±0.08*# 0.76±0.12*#

Note: *p<0.05 and #p<0.05

TABLE 3: CHANGES OF AUTOPHAGY-RELATED PROTEINS IN RENAL TISSUE OF RATS (x̄±s)

TABLE 4: AMPK /mTOR PATHWAY PROTEINS EXPRESSION IN RAT KIDNEY TISSUES

Group n p-AMPK p-mTOR

Control 6 0.95±0.10 0.64±0.15

Model 6 0.34±0.06* 1.28±0.24*

Puerarin 6 0.68±0.10*# 0.93±0.21*#

Note: *p<0.05 and #p<0.05
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