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Introduction: Epithelial-mesenchymal transition (EMT) may contribute to podocyte dys-
function in diabetic nephropathy (DN). Aiming to identify novel therapeutic options, we
investigated the protective effects of Panax notoginseng (PN) on podocyte EMT in diabetic
rats and explored its mechanisms.

Methods: Diabetes was induced in rats with streptozotocin (STZ) by intraperitoneal injec-
tion at 55 mg/kg. Diabetic rats were randomly divided into three groups, namely, diabetic
rats, diabetic rats treated with beraprost sodium (BPS) at 0.6 mg/kg/d or PN at 0.4 g/kg/d p.
0., for 12 weeks. Urinary albumin/creatinine ratio (ACR), biochemical parameters, renal
histopathology, and podocyte morphological changes were evaluated. Protein expression of
EMT markers (desmin, a-SMA, and nephrin) as well as components of the Wnt/p-catenin
pathway (wntl, B-catenin, and snail) was detected by immunohistochemistry and Western
blot, respectively.

Results: In diabetic rats, severe hyperglycemia and albuminuria were detected. Moreover,
mesangial expansion and podocyte foot process effacement were found markedly increased
in diabetic kidneys. Increased protein expression of wntl, f-catenin, snail, desmin, and o-
SMA, as well as decreased protein expression of nephrin was detected in diabetic kidneys.
All these abnormalities found in DN rats were partially restored by PN treatment.
Conclusion: PN ameliorated albuminuria and podocyte EMT in diabetic rats partly through
inhibiting Wnt/B-catenin signaling pathway. These findings provide experimental arguments
for a novel therapeutic option in DN.

Keywords: Panax notoginseng, diabetic nephropathy, podocyte, Wnt/B-catenin, epithelial—
mesenchymal transition

Introduction

Diabetic nephropathy is a major cause of end-stage renal disease’ and becomes
a global health problem. However, therapeutic strategies for preventing its progres-
sion are limited. The morphological abnormalities of DN include mesangial expan-
sion, glomerular endothelial cell injury, glomerular basement membrane thickening,
and podocytes depletion.”” Podocytes are important functional cells in the glomer-
ulus and cannot regenerate when they suffer from injury. The clinical study
demonstrated that podocyte loss contributed to the progression of DN.* Many
studies indicated that podocyte injury played an important role in the development
and progression of DN.>® Recently, epithelial-mesenchymal transition has been
demonstrated to play an important role in renal fibrogenesis.'® Podocyte EMT was
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also associated with the development of albuminuria in
DN.'' Moreover, EMT was a crucial mechanism leading to
podocyte depletion and proteinuria in DN.'? Thus, podo-
cytes EMT may contribute to podocyte dysfunction, which
represents a novel mechanism leading to DN. This novel
discovery may offer promising insights to the development
of new therapeutic options for the treatment of DN. It was
reported that podocyte depletion was in association with
the development of DN.'® Therefore, there is a pressing
need for the development of novel and effective interven-
tions for podocyte injury. Panax notoginseng, an edible
and medicinal Chinese herb, is widely used in China for
physical fitness. PN has been included in the list of health
Chinese herbs with drug and food properties announced by
the National Health Commission of the People’s Republic
of China. Our previous study found that Notoginsenoside
R1, one of the major components of PN, ameliorated
glucose-induced podocyte adhesive dysfunction and sub-
sequent podocyte detachment.'* Notoginsenoside R1 was
also reported to attenuate renal ischemia-reperfusion injury
in rats."”” Panax notoginseng saponins, the traditional
Chinese medical compound consisting of total saponins
from PN, protected against kidney injury in diabetic rats
through upregulation of silent information regulator and
activation of antioxidant proteins.'® However, the protec-
tive effects of PN on podocyte EMT in diabetic rats have
not been investigated yet. Thus, this study aimed to inves-
tigate the effects of PN on albuminuria and podocyte EMT
in diabetic rats. We hypothesized that PN attenuated albu-
minuria and podocyte EMT in diabetic rats partly through
inhibiting Wnt/B-catenin signaling pathway, which will
provide a potential new treatment for DN.

Materials and Methods

Materials

Panax notoginseng granule was purchased from Sanjiu
Medical & Pharmaceutical Co Ltd (Shenzhen, China, the
approval number of the Chinese Pharmaceutical Regulatory
Department:1702002S). The total saponin content in PN
granule was greater than 3.75%. Beraprost sodium was pur-
chased from Beijing Tide Pharmaceutical Co Limited
(Beijing, China). Streptozotocin (STZ) (1000254870) was
acquired from Sigma (Sigma, USA). Bicinchoninic acid
(BCA) (BL521A) was acquired from Biosharp (Biosharp,
China). ECL (BL520A) was acquired from Biosharp
(Biosharp, China). Bovine serum albumin (BSA)
(4240GR100) was acquired from BioFroxx (BioFroxx,

Germany). Nitrocellulose membrane acquired from
Millipore (Millipore, USA). Anti-Wntl (sc-514531) anti-
body was purchased from Santa Cruz (Santa Cruz, USA).
Anti-Nephrin (PRS2265) antibody was purchased from
sigma (Sigma, USA), and the secondary antibodies were
purchased from Cell Signaling (Cell Signaling, USA).
Antibodies of B-catenin (ab32572), snail (ab53519), desmin
(ab15200), a-SMA (ab5694), B-actin (ab8226), a-tubulin
(ab7291) and the secondary antibodies (ab6721) were
obtained from Abcam (Abcam, USA). Blood glucose meter
(ACCU-CHEK, Germany); Automatic biochemistry analy-
zer (HITACHI 7600-120E, Japan); light microscopy (Leica,
Germany); electron microscopy (Philip, Netherlands).

Animal Studies

All animal experiments were performed in accordance with
the National Institutes of Health guide for the care and use
of laboratory animals. All experimental protocols were
approved by the Animal Ethics Committee of Shanghai
sixth people’s hospital (laboratory animal permit: SYXK
(Shanghai) 2011-0128). Healthy male Sprague-Dawley
(SD) rats weighing 180 to 200 g were provided by
Experimental Animal Center of our hospital. Animals
were fed in room temperature at 23°C. Rats were fed with
free water and standard food. Diabetes rats were induced
with STZ (55 mg/kg) dissolved in 0.1 M citrate buffer (pH
4.5) by a single intraperitoneal. Three days after STZ injec-
tion, the blood glucose (BG) level was measured from the
tail vein using a blood glucose meter. Rats with a blood
glucose beyond 16.7 mmol/L were considered as diabetic
rats. Diabetic rats were then randomly divided into three
groups (n=7/each group): (1) diabetic rats (DN); (2) diabetic
rats treated with BPS at 0.6 mg/kg/d (DN+BPS); (3) dia-
betic rats treated with PN at 0.4 g/kg/d (DN+PN). Normal
Sprague-Dawley rats were considered as normal control rats
(NC). BPS and PN were started after blood glucose beyond
16.7 mmol/L and were treated by oral garage once daily for
12 weeks. Rats were kept in individual metabolic cages for
24 hrs urine collection at the end of 3 and 12 weeks of
treatment. Urine was centrifuged at 1500 rpm for 5 mins at
4°C. Whole urine was stored at —80°C. Urinary albumin/
creatinine ratio (ACR) was measured by using an automatic
biochemistry analyzer. Rats were then anesthetized with
pentobarbital sodium and the blood samples were taken
through the abdominal aorta for measuring creatinine by
using an automatic biochemistry analyzer. All rats were
then sacrificed and the kidneys were harvested immediately.
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Histological Studies

Tissues were fixed with 10% buffered formalin and
embedded in paraffin, cut into 4 pm sections and stained
with hematoxylin and eosin (HE) and periodic acid-schiff
(PAS). The stained sections were then detected by light
microscopy. Glomerular injury was evaluated by mesangial
expansion in sections stained with HE and PAS. The sections
were then observed independently by two blinded investiga-
tors. Glomerular mesangial expansion was scored semi-

quantitatively as previously described in the literature.'’

Electron Microscopy Studies

The renal cortex was cut into pieces on ice, fixed with 2%
glutaraldehyde dissolved in PBS 2 hrs at 4°C and washed
twice in the same buffer. The tissue fragments were post-
fixed in 1% PBS-buffered OsO4 for 2 hrs at 4°C and
washed twice in the same buffer. Dehydrate with different
concentration of ethanols. Epoxy propane replacement
twice. Saturate with epoxy propane and epoxy resin 618,
embedded in epoxy 48 hrs at 60°C. Ultrathin sections were
stained with uranyl acetate and lead citrate and examined by
electron microscopy. The number of podocyte foot pro-
cesses present in each micrograph was divided by the total
length of GBM regions in each image to determine the
average density of podocyte foot processes. The electron
microscope photos were evaluated in a blinded fashion.

Western Blot Studies

Kidney cortex was homogenized in lysis buffer on ice with
a homogenizer. The supernatants were collected after cen-
trifuging at 10,000 rpm for 10 mins at 4°C. Protein con-
centration of the supernatants was measured by the BCA
kit assay. The whole tissue lysates were mixed with SDS
loading buffer (30% Acrylamide, 1 M Tris—HCI6.8,
1.5 M Tris—HCI8.8, 10% SDS, 10% Ammonium persul-
fate, TEMED, ddH20). Samples were separated by
sodium dodecyl sulfate (SDS)/polyacrylamide gel electro-
phoresis and electro-transferred to a nitrocellulose mem-
brane. The membranes were blocked with 5% bovine
serum albumin in TBST for 1.5 hrs. After washing
5 mins for three times with TBST, the blots were incubated
overnight at 4°C with anti-nephrin (1:2000), anti-desmin
(1:5000), anti-a-SMA (1:5000), anti-wntl (1:1000), anti-
B-catenin (1:5000), anti-snail (1:3000), and anti-B-actin
(1:5000) and a-tubulin (1:5000) antibodies at the dilutions
by 5% bovine serum albumin in TBST. After washing
5 mins for five times with TBST, membranes were

incubated with horseradish peroxidase-conjugated second-
ary antibodies (1:5000) at the dilutions by 5% bovine
serum albumin in TBST for 1 hr at room temperature.
After washing 5 mins for five times with TBST, protein
bands were visualized by ECL. Optical density of the
bands was measured by a Bio-Rad gel imaging system.
Equality of loading was ensured by using the antibody to
B-actin or a-tubulin. Protein expression was quantified as
the ratio of specific band to B-actin or a-tubulin.

Immunohistochemistry Studies
Paraffin-embedded of kidney tissues were deparaffinized
with rehydrated, xylene, and ethanol. Anti-nephrin
(1:200), anti-desmin (1:200), anti-a-SMA (1:200), anti-
wntl (1:200), anti-B-catenin (1:500) and anti-snail (1:100)
antibodies were diluted in 1% BSA, all antibodies were
incubated during 45 mins at room temperature. Antigen
repaired for 10 mins by boiling water bath. Primary anti-
bodies were diluted in 2% BSA and incubated overnight at
4°C. The secondary antibodies (1:1000) were incubated 60
mins at 37°C. Use diaminobenzidine and hematoxylin stain-
ing, and then rinsing, redyeing, dehydration, transparency,
and tablet sealing. The immunohistochemical staining in
each glomerulus was scored semi-quantitatively as pre-
viously described in the literature.'® All slides were
observed independently by two blinded investigators.

Statistical Analysis

All data were expressed as mean + standard error of the
mean (SEM). Statistics were conducted by SPSS version
18.0. The significance of differences in continuous variables
among groups was tested by one-way analysis of variance
(ANOVA) followed by Dunnett’s multiple range test.
A P value < 0.05 was considered statistically significant.

Results
Effects of PN on Serum and Urine Levels

of Biochemical Markers in Diabetic Rats

The STZ-induced diabetic rats developed severe hypergly-
cemia and albuminuria. Level of blood glucose in DN, DN
+BPS, and DN+PN groups were prominently increased in
STZ-induced diabetic rats when compared with control
rats (Figure 1A). No significant difference in the level of
creatinine were observed between PN treated and
untreated diabetic rats, which indicated that PN did not
cause apparent toxicity to the kidney (Figure 1B). The
diabetic rats showed severe albuminuria when compared
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Figure | The level of blood glucose at baseline in rats (A). Effects of PN treatment on serum creatinine (B). PN and BPS were administered once daily by oral garage for 12

weeks. Results were expressed as the mean * SEM (n = 7). *P<0.05 vs NC.

Abbreviations: NC, control rats; DN, STZ-induced diabetic rats; DN+BPS, DN rats treated with BPS at 0.6 mg/kg/d; DN+PN, DN rats treated with PN at 0.4 g/kg/d.

with the control rats. However, PN or BPS significantly
reduced ACR in diabetic rats at the end of 3 weeks and 12
weeks (Figure 2) of treatment. Thus, PN treatment attenu-
ated albuminuria in diabetic rats.

Effects of PN on Renal Histopathology
and Podocyte Foot Process Effacement in
STZ-Induced Diabetic Rats

Diabetic rats exhibited focal mesangial matrix expansion.
However, PN or BPS markedly ameliorated mesangial
expansion when compared with untreated STZ-induced
diabetic rats (Figure 3). Moreover, PN or BPS also ame-
liorated podocyte foot process effacement in diabetic rats
(Figure 4). These results indicated that PN significantly
attenuated renal histopathology and podocyte foot process
effacement in diabetic rats.
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Figure 2 Effects of PN treatment on urinary albumin/creatinine ratio (ACR) in
diabetic rats at the end of 3 weeks and 12 weeks. PN and BPS were administered
once daily by oral garage for 12 weeks. Results were expressed as the mean + SEM
(n = 7).%P<0.05 vs NC; #P<0.05 vs DN.

Abbreviations: NC, control rats; DN, STZ-induced diabetic rats; DN+BPS, DN
rats treated with BPS at 0.6 mg/kg/d; DN+PN, DN rats treated with PN at 0.4 g/kg/d.

Effects of PN on Podocyte EMT in
Diabetic Rats

Compared with the control rats, we observed that the
protein of nephrin was markedly reduced in diabetic rats.
Nevertheless, treatment with PN increased the protein
expression of nephrin (Figure 5A) in diabetic rats.
Compared with the normal control rats, the protein expres-
sion of a-SMA and desmin was increased in diabetic rats.
DN+PN group
of desmin

showed decreased protein
5B) and o-SMA
(Figure 5C) in diabetic rats. The findings of immunohis-

However,
expression (Figure
tochemical staining further confirmed the above findings
(Figure 6). Decreased protein expression of nephrin, and
increased protein expression of desmin and a-SMA were
tested in kidneys from diabetic rats. Furthermore, these
abnormalities were restored by treatment with PN. These
results demonstrated that PN might ameliorate podocyte
EMT in diabetic rats.

Effects of PN on Wnt/B-Catenin Signaling
Pathway in STZ-Induced Diabetic Kidneys

By Western blot analysis, we found that the protein
expression of wntl, B-catenin, and snail was increased
in the renal tissue from STZ-induced diabetic rats when
compared with the control rats. Most importantly,
PN treatment
wntl (Figure 7A), B-catenin (Figure 7B) and snail

suppressed protein  expression of
(Figure 7C) in the kidneys from diabetic rats. These
findings were further confirmed by the results of immu-
nohistochemistry analysis (Figure 8). We observed that
the expression of wntl, B-catenin, and snail was mark-
edly increased in the renal tissue from diabetic rats
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Figure 3 Effects of PN treatment on mesangial expansion in diabetic rats. Representative hematoxylin and eosin (HE) and periodic acid-schiff (PAS) staining of kidney sections
(A)(magnification 400x). Semiquantitative analyses of mesangial expansion detected by HE (B) and PAS (C). PN and BPS were administered once daily by oral garage for 12
weeks. Results were expressed as the mean + SEM (n = 7). The arrow represents mesangial expansion in diabetic rats glomerular. *P<0.05 vs NC; #P<0.05 vs DN.

Abbreviations: NC, control rats; DN, STZ-induced diabetic rats;

DN+BPS DN+PN

DN+BPS, DN rats treated with BPS at 0.6 mg/kg/d; DN+PN, DN rats treated with PN at 0.4 g/kg/d.
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Figure 4 Effects of PN treatment on renal podocyte foot process effacement in STZ-induced diabetic rats. Representative electron photomicrographs from each group of
rats (A) (magnification 13500%). Quantitative analysis of density of podocyte foot processes (B).

Abbreviations: NC, control rats; DN, STZ-induced diabetic rats; DN+BPS, DN rats treated with BPS at 0.6 mg/kg/d; DN+PN, DN rats treated with PN at 0.4 g/kg/d. PN
and BPS were administered once daily by oral garage for 12 weeks. Results were expressed as the mean + SEM. The arrow represents podocyte foot process effacement in

diabetic rats*P<0.05 vs NC; #P<0.05 vs DN.

when compared with the control rats. However, PN
treatment decreased expression of wntl, B-catenin, and
snail in diabetic rats. The above results indicated that
the protective effect of PN on podocyte EMT was asso-
ciated with the inhibition of Wnt/B-catenin signaling
pathway in diabetic rats.

Discussion

Diabetes mellitus (DM) has become an important global health
problem." Clinical hallmarks of DN include proteinuria and
decline in glomerular filtration rate leading to ESRD.**?'
These functional changes developed a consequence of struc-

tural abnormalities, including mesangial expansion and
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Figure 5 Effects of PN treatment on protein expression of nephrin, desmin, and a-SMA in diabetic rats. Representative immunoblots stained for nephrin (A), desmin
(B) and a-SMA (C) in the kidney. PN and BPS were administered once daily by oral garage for 12 weeks. Results were expressed as the mean * SEM. *P<0.05 vs NC;

#P<0.05 vs DN.

Abbreviations: NC, control rats; DN, STZ-induced diabetic rats; DN+BPS, DN rats treated with BPS at 0.6 mg/kg/d; DN+PN, DN rats treated with PN at

0.4 glkg/d.

podocyte injury.**** Recently, much work has underlined the
important role of podocyte in the development and progression
of DN.>” Thus, podocytes become a promising target for the
development of novel treatment for DN.

The novel finding of this study was the discovery of
a natural medicine for treatment of DN. We reported that
PN ameliorated podocyte dysfunction and EMT partly by
inhibiting Wnt/B-catenin signaling pathway in STZ-
induced diabetic rats. This conclusion was based upon
the following findings: (i) Treatment with PN attenuated
the functional and structural abnormalities of DN, such as
albuminuria, mesangial expansion, and podocyte foot pro-
cess effacement; (ii) Treatment with PN ameliorated the
protein expression of desmin, a-SMA, and nephrin in
diabetic rats. (iii) Treatment with PN significantly inhib-
ited protein expression of wntl, P-catenin, and snail.

Therefore, PN might be a novel drug to attenuate podocyte
EMT partly through inhibiting Wnt/B-catenin signaling
pathway in diabetic rats. PN is a promising drug candidate
for DN according to the results obtained in an animal
model of DN.

Beraprost sodium is an orally active prostacyclin
(prostaglandin I,; PGI,) analogue. Previous study
reported that BPS ameliorated proteinuria and renal
histologic lesions in diabetic rats.>* Experimental study
documented that BPS had a beneficial effect on DN.?°
Recent study demonstrated that BPS attenuated charac-
teristics of metabolic syndrome in obese rats.*® Thus,
BPS was used as a positive control in this study to
investigate the protective effect of PN on the functional
and structural abnormalities of DN. We found that treat-

ment with PN or BPS attenuated the functional and
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Figure 6 Effects of PN treatment on nephrin, desmin, and a-SMA expression in diabetic rats detected by immunohistochemistry staining (magnification 400x).
Representative photomicrographs of immunostaining for nephrin, desmin, and a-SMA (A) in kidney sections. Semiquantitative analyses of immunostaining for
nephrin (B), desmin (C) and a-SMA (D) per glomerulus. PN and BPS were administered once daily by oral garage for 12 weeks. Results were expressed as the
mean + SEM. The arrow represents protein expression of nephrin, desmin, and a-SMA in diabetic rats glomerular.*P<0.05 vs NC; #P<0.05 vs DN.

Abbreviations: NC, control rats; DN, STZ-induced diabetic rats; DN+BPS, DN rats treated with BPS at 0.6 mg/kg/d; DN+PN, DN rats treated with PN at

0.4 glkg/d.

structural abnormalities of DN. The previous study
found that the BPS alleviated constriction effect of
angiotensin II on efferent glomerular arteriole and atte-
nuated glomerular hyperfiltration, as well as inhibited
growth of mesangial cells by platelet-derived growth
factor to decrease albuminuria in the patients of incipi-
ent DN.?” However, there were different mechanisms of
PN and BPS in the treatment of DN. Our study demon-
strated that PN protected DN through inhibiting Wnt/p-
catenin signaling pathway.

Loss of podocytes by EMT characterizes the early
stages of DN. To identify new therapeutic strategies, we

firstly investigated the effects of PN on podocyte EMT in
diabetic rats. Podocyte injury resulted in abnormal perme-
ability of the GBM, terminally leading to proteinuria.*®*’
Importantly, podocyte injury was closely associated with
the progression of glomerular diseases.’”® Many studies
demonstrated that EMT was associated with podocyte
loss and proteinuria in DN.*>'** During EMT, podocytes
lose the expression of nephrin, while augmenting the
expression of desmin and o-SMA.**>° Taken together,
podocyte EMT is recognized to play a crucial role in the
development of DN and targeted inhibition of podocyte
EMT may provide a new therapeutic approach for DN. In
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Figure 7 Effects of PN treatment on protein expression of wntl, B-catenin, and snail in diabetic rats. Representative immunoblots stained for wntl (A), B-catenin (B)
and snail (C) in the kidney. PN and BPS were administered once daily by oral garage for 12 weeks. Results were expressed as the mean + SEM. *P<0.05 vs NC;

#p<0.05 vs DN.

Abbreviations: NC, control rats; DN, STZ-induced diabetic rats; DN+BPS, DN rats treated with BPS at 0.6 mg/kg/d; DN+PN, DN rats treated with PN at

0.4 glkg/d.

the present study, we observed that a-SMA and desmin
expression were increased while nephrin expression was
decreased in diabetic rats. Treatment with PN for 12 weeks
decreased renal expression of a-SMA and desmin, pre-
served nephrin expression, as well as ameliorated albumi-
nuria in diabetic rats. These results demonstrated that PN
ameliorated podocyte EMT in diabetic rats.

We next investigated the mechanisms underlying the
action of PN on podocyte EMT in diabetic rats.
Dysfunction of Wnt signaling may contribute to a wide
range of pathologies of human diseases.’’ Emerging evi-
dence demonstrated that Wnt/B-catenin signaling played
a critical role in mediating podocyte dysfunction and
albuminuria.>® Wnt signaling pathway was also associated
with podocyte injury and dysfunction in DN.** In vitro
study demonstrated that high glucose increased expression
of B-catenin and snail and promoted EMT.*° Mounting

evidence indicated that Wnt/B-catenin signaling might be
a novel therapeutic target for proteinuria kidney disease.*'
In the present study, we found that increased protein
expression of wntl, B-catenin, snail, desmin, and a-SMA,
as well as decreased protein expression of nephrin,
were detected in diabetic rats. All of these abnormalities
were restored by PN. These results indicated that the
regulatory effect of PN on Wnt/B-catenin signaling path-
way might be accountable for its protective effects against
podocyte EMT.

Moreover, a systematic review and meta-analysis
provided evidence that PN was beneficial to patients
with unstable angina pectoris and did not affect blood
routine, urine routine, stool routine, as well as liver and
renal function.*” In our study, PN had no significant
effect on blood glucose, which indicated that the pro-
tective effects of PN on albuminuria were independent
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Figure 8 Effects of PN treatment on expression of wntl, B-catenin, and snail in diabetic rats detected by immunohistochemistry staining (magnification 400x).
Representative photomicrographs of immunostaining for wntl, B-catenin, and snail (A) in kidney sections. Semiquantitative analyses of immunostaining for wntl (B), B-
catenin (C) and snail (D) per glomerulus. PN and BPS were administered once daily by oral garage for 12 weeks. Results were expressed as the mean * SEM. The arrow
represents protein expression of wntl, B-catenin, and snail in diabetic rats glomerular.*P<0.05 vs NC; #P<0.05 vs DN.

Abbreviations: NC, control rats; DN, STZ-induced diabetic rats; DN+BPS, DN rats treated with BPS at 0.6 mg/kg/d; DN+PN, DN rats treated with PN at 0.4 g/kg/d.

of lowering blood glucose (data not

Furthermore, there was no significant difference in the

shown).

level of serum creatinine between PN treated and
untreated diabetic rats, which indicated that PN did not
cause apparent toxicity to the kidney.

STZ-model is one of the widely used animal models
of early DN, due to their brief experimental procedure
and absence of advanced pathological lesions. But the
effects of STZ-induced diabetes are closely dependent
on mouse strain and gender, with male mice being more
susceptible to STZ-induced diabetes and obvious renal
injury compared to their female counterparts.*> STZ

selectively leads to damage to the insulin-producing B-
cells in the pancreas. Destruction to these cells causes

insulin  deficiency and normal

44

impairs glucose

metabolism,”” which similar to human type 1 diabetes
progresses in DN. We will use the type 2 diabetes model
to further investigate the protective effects of PN in
future studies.

In conclusion, our study demonstrated that PN attenuated
albuminuria and podocyte EMT in diabetic rats partly
through signaling pathway
(Figure 9). These findings highlight a promising novel treat-

inhibiting  Wnt/B-catenin

ment for DN and other renal diseases that affect podocytes.
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Figure 9 Schematic mechanism of PN of ameliorating podocyte EMT by Wnt/B-catenin signaling pathway in STZ-induced diabetic rats.
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