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Effects of Shen'an granules on Wnt signaling pathway
in mouse models of diabetic nephropathy
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Abstract. The effect of Shen'an granules on the Wnt signaling
pathway in renal tissues of mouse models of streptozotocin
(STZ)-induced diabetic nephropathy was investigated in the
present study. A total of 62 BALB/c mice were randomly
divided into the normal control (A group), model (B group),
losartan (C group), low-dose Shen'an granules (D group), and
high-dose Shen'an granules (E group) groups. The mouse
model of diabetic nephropathy was established by a single
intraperitoneal injection of STZ (150 mg/kg). The animals were
treated with drugs for 8 weeks, and blood creatinine, blood
urea nitrogen, triglycerides (TG), and total cholesterol (CHOL)
were measured prior to and after treatment. PAS staining was
performed for observation of glomerular microstructure by
light microscope, and western blot analysis was performed
to detect Wntl protein and B-catenin protein. The results
indicated that the quantification of 24-h microalbuminuria,
and levels of blood creatinine, urea nitrogen, TG, and CHOL
were significantly lower in the high- and low-dose Shen'an
granules groups than those in the model group (p<0.05). The
expression levels of Wntl protein and B-catenin protein in the
high- and low-dose Shen'an granules groups were significantly
lower than those in the model group (p<0.05). In conclusion,
proteinuria, renal dysfunction, and dyslipidemias are closely
associated with the abnormal activation of the Wnt signaling
pathway in the mouse model of diabetic nephropathy. The
mechanism by which Shen'an granules regulate proteinuria,
renal function, and blood lipids may be associated with inhibi-
tion of the abnormally activated Wnt signaling pathway.

Introduction

The activation or inactivation of the Wnt signaling pathway
is orderly regulated, and is important in the regulation of
physiological processes, including cell differentiation, prolife-
ration and apoptosis (1). The development, morphology, and
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functional maintenance of the kidney are dependent on the
normal ‘open’ and timely ‘close’ of the Wnt signaling pathway.

Inappropriate activation of the Wnt signaling pathway
may lead to a series of disorders, including developmental
malformations, carcinogenesis, tumorigenesis, osteoporosis,
Parkinson's disease and aging (1). Previous findings have
shown that sustained activation of the Wnt signaling pathway
is commonly associated with proteinuria and glomerulo-
sclerosis in diabetic nephropathy (2,3).

In the present study, we investigated the potential mechanism
of the Wnt signaling pathway affecting diabetic nephropathy
and the intervening effect of Shen'an granules on the pathway.

Animals and methods

Mice. A total of 62 male 8-week-old BALB/c mice (n=62)
(purchased from Hubei Province Animal Research Center,
Hubei, China) of SPF grade, weighing 18-22 g, were selected for
this study. The mice were housed in a temperature-controlled
room (21+2°C) on a 12:12-h light/dark cycle (lights on at 06:00).
The mice had free access to water and food. The experimental
protocol was approved by the Animal Care and Use Committee
of Huazhong University of Science and Technology.

Drugs and reagents. Shen'an granule suspension (epimedium,
astragalus and rhubarb, ratio 2:2:1) was prepared by the
Hubei Provincial Hospital of Traditional Chinese Medicine
(Hubei, China). Losartan potassium tablets (50 mg/tablet)
were provided by Hangzhou MSD Pharmaceutical Co.,
Ltd. (Hangzhou, China), and 1 mg/ml suspension was made
using distilled water. Streptozotocin (STZ) was purchased
from Sigma (St. Louis, MO, USA). Horseradish peroxidase
(HRP)-labeled goat anti-rabbit polyclonal antibody and
HRP-labeled goat anti-rabbit polyclonal antibody were
purchased from KPL, Inc. (Gaithersburg, MD, USA).

Generation of the mouse model of diabetic nephropathy.
After 10 days of normal feeding, the animals were fasted for
12 h prior to the intraperitoneal injection of STZ (150 mg/kg)
dissolved in citrate buffer (pH 4.5). The injection was admin-
istered once in all the groups of mice with the exception of the
normal control group. After 72 h, blood samples were collected
from the tails, to perform a blood sugar test (ACCU-CHEK
blood glucose meter; Roche Diagnostics, GmbH, Mannheim,
Germany) and 24-h microalbuminuria test. The induction of
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diabetes was considered successful when blood sugar was
>16.17 mmol/l. The same amount of sterile citrate buffer was
injected intraperitoneally in mice of the control group. The
mice were then fed with a high-fat diet for one month, and the
blood sugar test and 24-h microalbuminuria test were repeated.
The establishment of the mouse model of diabetic nephropathy
was confirmed with the blood sugar as >16.17 mmol/l and the
quantification of 24-h urinary albumin increased to >150%.

Animal grouping and drug administration. Sixty-two animals
were randomly divided into five groups: control (group A,n=12),
model (group B, n=12), losartan (group C, n=13), low-dose
Shen'an granules (group D, n=13) and high-dose Shen'an
granules (group E, n=13). For drug administration, mice in the
control and model groups were given 10 ml/(kg-day) distilled
water by gavage, mice in the Western medicine group were
administered 10 ml/(kg-day) losartan suspension by gavage,
and mice in the high- and low-dose Chinese medicine group
were administered 4 ml/(kg-day) and 8 ml/(kg-day) Shen'an
granules suspension, respectively. The mice were treated with
drugs for 8 weeks.

Sample collection. Prior to and after drug treatments, the
blood samples were collected from the retro-orbital plexus,
and 24-h urine samples were collected for biochemical indices.
After the drug treatment, kidneys without renal capsules were
collected and weighed on an analytical balance. The left
kidney was rapidly removed and a part of the renal cortex was
cut into small sections and fixed in 4% paraformaldehyde for
pathological examinations, while the right kidney was saved at
-70°C for subsequent use.

Biochemical tests. Coomassie Brilliant Blue assay (Guge
Biological Technology Co., Hubei, China) was used for
24-h microalbuminuria. An AU600 Biochemistry Analyzer
(Olympus Corp., Tokyo, Japan) was used to measure serum
creatinine (SCr), blood urea nitrogen (BUN), triglycerides
(TG) and total cholesterol (CHOL).

Western blot assay for Wntl and [3-catenin protein. Total
protein was extracted from a part of the renal cortex and the
protein concentration was determined using a Bradford protein
assay. SDS-acrylamide gel (Guge Biological Technology
Co.) was created and separated proteins were transferred to
a membrane. The membrane was blocked in 5% skim milk
at 24°C for 1 h, incubated with primary polyclonal antibodies
Wntl (Abcam, Cambridge, MA, USA, cat no.: ab15251; dilu-
tion, 1:5000) and B-catenin (Abcam, cat no.: ab32572; dilution,
1:5000) at 4°C overnight followed by three washes in TBST
for 5 min each. The membrane was then incubated with the
secondary polyclonal antibody (Abcam, cat. no.: ab6721; dilu-
tion, 1:2000 for 30 min at 24°C, washed with TBST 3 times for
5 min each and protein bands were detected with DAB. The
blot was scanned and optical density values of the targeted
bands were analyzed with Alpha software (Chicago, IL, USA).

Reverse transcriptase-quantitative polymerase chain reaction
(RT-gPCR). RT-qPCR was performed on paraffin-embedded
mouse renal cortex sections. In detail, total RNA was extracted
by RNA Isolation Kit (Biosharp, Hebei, China). Dnase I-treated
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Table I. Primer sequences for RT-qPCR.

Gene Primer sequences
[-catenin F: 5-AAAATGGCAGTGCGTTTAG 3'
R: 5-TTTGAAGGCAGTCTGTCGTA-3'
Whntl F: 5-CAGAGCCACGAGTTTGGATGTT-3'
R: 5'-GATTGGGTTGGGTTGGAGGTAA-3'
[B-actin F: 5'-CCTGTACGCCAACACAGTGC-3'

R: 5-ATACTCCTGCTTGCTGATCC-3'

F, forward; R, reverse.

Table II. Measurements of 24-h urine albumin excretion prior
to and after the drug treatment (mean + SD).

Measurements of 24-h urine
albumin excretion (xg)

Group n Before After

A 12 26.46+8.45 25.00+3.39

B 10 272.80+70.45* 312.00+8.37
C 11 244 .00+32.86" 183.20+12.44°
D 13 238.00+37.68° 185.40+15.65°
E 12 244 .00+33.62° 178.00+14.83°

Compared with the measurement in the “control group, p<0.05;
Pprior to the treatment in the same group, p<0.05.

total RNA (10 pg) was used for reverse transcription with
Superscript IIT (Invitrogen, Carlsbad, CA, USA). Input RNA
(100 ng) was amplified by RT-PCR using the TagMan PCR
reagent kit and assay-on-demand gene expression products.
After reverse transcription, standard cDNA was serially
diluted to five standard solutions to prepare the reference
curve. RT-qPCR was carried out using the Rotor-Gene 3000
Real-Time PCR kit (Corbett Research, Sydney, Australia)
with SYBR-Green (1:1,000; Molecular Probes, Houston, TX,
USA). After reverse transcription, standard cDNA was serially
diluted to five standard solutions to prepare the standard curve.
The relative amount of cDNA in each sample was measured by
interpolation using the standard curve, and the relative ratio of
[-catenin and Wntl to f-actin expression was calculated for
each sample. The primers are as shown in Table 1.

Statistical analysis. Data were analyzed using SPSS 17.0
statistical software (Chicago, IL, USA) and presented as
mean =+ standard deviation. Comparisons between groups were
analyzed with ANOVA. P<0.05 was considered to indicate a
statistically significant difference.

Results

Shen'an granules treatment decreases urine albumin excretion.
The urine albumin excretion of groups C-E was significantly
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Table III. Measurements of BUN and SCr values before and after the drug treatment (mean + SD).
BUN (mmol/l) SCr (umol/l)

Group n Before After Before After
A 12 10.57+1.64 12.80+0.84 12.07+1.38 14.20+1.48
B 12 24.56+1.89* 30.98+6.77 45.41+7.31* 52.80+3.96
C 12 20.86+2.76* 15.78+0.90° 48.20+2.86* 26.20+1.10°
D 13 20.20+1.92* 15.62+1.06° 46.52+2.86" 26.40+2.30°
E 13 19.78+1.81* 13.80+1.30° 44 80+2.39* 22.80+1.79°

*Compared with the measurement in the control group, p<0.05; "compared with the measurement prior to treatment in the same group, p<0.05.

BUN, blood urea nitrogen; SCr, serum creatinine.

Table IV. Measurements of CHOL and TG values before and after the drug treatment (mean + SD).

CHOL (mmol/T) TG (mmol/1)
Group n Before After Before After
A 12 2.98+0.21 2.88+0.03 1.34£0.19 1.42+0.12
B 12 5.90+0.26* 6.50£0.16 3.38+0.09* 4.50+0.17
C 12 5.83+0.16* 5.21+0.02° 3.37+0.06* 4.20+0.08°
D 13 5.88+0.18* 5.14+0.09° 3.42+0.09* 3.94+0.08°
E 13 5.96+0.11* 5.03+0.10° 3.37+0.10° 3.87+£0.20°

“Compared with the measurement in the control group, p<0.05; "compared with the measurement prior to treatment in the same group, p<0.05.

CHOL, total cholesterol; TG, triglycerides.

lower compared to group B (model group) (Table II; p<0.05).
There were no significant differences between group C and the
lower (group D) or higher (group E) Shen'an granules group
(p>0.05). The results suggested that the Shen'an granules treat-
ment significantly decreased urine albumin excretion, effects
that were equal to those of the losartan treatment (group C).

Shen'an granules treatment decreases the BUN and SCr
level. Prior to the drug treatment, the levels of BUN and SCr
in groups C-E were significantly higher than those in group A
(Table III; p<0.05). However, no difference was found in
groups B-E (p>0.05). The levels of BUN and SCr following
the Shen'an granules treatment (groups D and E) were signifi-
cantly lower compared with levels prior to the drug treatment
(group B, p<0.05). Furthermore, the BUN and SCr levels were
similar between the losartan treatment group (group B) and
the Shen'an granules treatment group (Table III; p>0.05).

Shen'an granules treatment increases TG level and decreases
the CHOL level. To investigate the blood lipid levels in blood
the TG and CHOL levels were also examined. The results
showed that the Shen'an granules treatment (groups D and E)
significantly increased the TG level compared to group B
(model group) (Table 1V; p<0.05). Furthermore, the Shen'an
granules treatment also significantly decreased the CHOL
level compared to group B. Notably, the effects of Shen'an
granules could even achieve the level of losartan (Table I'V).

Shen'an granules inhibits the Wntl and f3-catenin protein
expression. To investigate the mechanism of the effects of
Shen'an granules treatment, the Wnt pathway molecule was
detected. The western blot assay showed that Wntl protein
expression in groups D and E was significantly decreased
compared to group B (Fig. 1; p<0.05). Additionally, there
was no significant differences between the Shen'an granules
treatment group (groups D and E) and the losartan treatment
group (group C) (p>0.05). There were also no significant
differences between the lower (group D) and higher (group E)
Shen'an granules treatment group (p>0.05).

The p-catenin protein expression was significantly
decreased in groups D and E compared to group B (Fig. 1;
p<0.05). There were no significant differences between
groups D and E, and group C (p>0.05). Furthermore, there
were no significant differences between groups D and E
(p>0.05).

Shen'an granules suppress Wntl and (-catenin protein
expression. Wntl and p-catenin mRNA transcription were
examined using the PCR assay. The results indicated that
the Wntl and B-catenin mRNA expression levels were
significantly decreased in groups D and E compared to
group B (Fig. 2; p<0.05). There were no significant differ-
ences between groups D and E, and group C (p>0.05). There
were also no significant differences between groups D and E
(p>0.05).
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Figure 1. Wntl and B-catenin protein expression in mouse renal cortex. (A) Western blot assay showing decreased Wntl and B-catenin protein expression for
groups D and E. Statistical analysis of (B) Wntl and (C) -catenin protein expression. *‘Compared with the control group, p<0.05; *compared with the model
group, p<0.05. Group A, control; group B, model; group C, losartan; group D, lower-dose Shen'an granules; group E, higher-dose Shen'an granules.

14r
12

0.8
06

a
A ab ab ab
04+
il |
o 1 1 L 1

Control Model Losartan Lower Higher

v.s. actin

Relative value of Wnt1 mRNA-

181
16f
141
121

3 0.8}
06}
04

o2t [
0

Control

a
ab
ab
' I alb
1 1 1 l

Model

Relative value of B-catenin mRNA-
v.s. actin

Losartan Lower Higher

Figure 2. Examination of Wntl and f-catenin mRNA expression in mouse
renal cortex. (A) Statistical analysis for Wntl mRNA expression by PCR
assay. (B) Statistical analysis for 3-catenin mRNA expression by PCR assay.
*Compared with the control group, p<0.05; "compared with the model group,
p<0.05. Group A, control; group B, model; group C, losartan; group D, lower
dose Shen'an granules; group E, higher dose Shen'an granules.

Discussion

Diabetic nephropathy is a glomerular sclerosis caused by the
abnormal metabolism of diabetes mellitus, and constitutes

an important component of systemic microangiopathy (4).
In China, diabetic nephropathy is second only to glomerular
disease as the leading cause of end-stage renal disease (ESRD),
and constitutes an important cause for mortality in diabetes.
Compared with non-diabetic nephropathy, renal insufficiency
in diabetic nephropathy features higher proteinuria, and more
severe edema. These features may be associated with podocyte
injury and damage of the glomerular filtration barrier, leading
to large amounts of protein leaking into urine, decreased body
protein level and reduced plasma colloid osmotic pressure,
which result in gradual aggravation of edema (5).

In diabetic nephropathy, the canonical Wnt signaling
pathway is abnormally activated (6-8). In microdissected
human kidney samples collected from patients with diabetic
nephropathy, FSGS, and IgA nephropathy, microarray analysis
has shown that the Wnt/f3-catenin pathway is a continuously
upregulated pathway (9). The sustained activation of this
pathway in podocytes leads to the development of proteinuria
and glomerular sclerosis. Dai et al successfully induced
the accumulation of B-catenin in podocytes by intravenous
injection of a Wntl-expressing plasmid in mice, and a
transient proteinuria and podocyte foot process effacement
occurred shortly after the stable expression of B-catenin
(10). Kato et al found that at 20 weeks, the heterozygous
mice (NPHS2cre/CtnnblFloxE3/WT) with a stable
[-catenin expression in podocytes exhibited mild mesangial
proliferation and proteinuria, as well as diffuse and irregular
thickening of the glomerular basement membrane observed
by electron microscopy (3). By contrast, the homozygous
mice with stable [3-catenin expression exhibited prominent
thickening of the glomerular basement membrane and a large
amount of proteinuria and glomerular sclerosis.

Previous findings showed that a sustained high expres-
sion of f-catenin causes podocyte epithelial-mesenchymal
transition (EMT), increased expression of Snail, inhibition
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of E-cadherin, and a decreased expression of the podocyte
marker nephrin in vitro and in vivo (3,10,11). Mouse models
and podocytes treated with a Wnt signaling pathway inhibitor
exhibited improved cell survival, decreased cell-matrix
adhesion, increased mobility, and reduced migration. In a
previous study, mouse urine samples were tested and large
numbers of shedded podocytes were found, supporting that
the abnormal activation of Wnt/f-catenin signaling pathway
reduces podocyte adhesion, resulting in proteinuria and
glomerular sclerosis (3). At the time, when the expression
of podocyte marker nephrin is altered, the cells obtain the
expression of mesenchymal cell markers, such as matrix
metalloproteinase-7 (MMP-7), and the process of EMT leads
to an increased mobility of podocytes and to a certain degree,
damages the structural integrity of the filtration barrier, and
eventually results in the leakage of large amounts of protein
into urine (12). The mechanism may be associated with
the interaction between (-catenin and integrin (1, calmod-
ulin-dependent protein kinase II, or angiotensin II (13). These
phenotypes are similar to those exhibited in podocyte-specific
Ilk, Ddrl, Itgbl and Itga3 gene-knockout animal models,
suggesting that these genes may be components of the same
signaling pathway (14,15).

The basic pathogenesis of diabetic nephropathy is
congenital insufficiency of kidney essence, and spleen-kidney
dual deficiency. Dysfunction of kidney for the activation
of Qi, hypofunction of ascending lucidity caused by spleen
deficiency, and non-consolidation of essences lead to large
amounts of proteins while other essences leak into urine (16).
Spleen-kidney yang deficiency causes failure of moist
evaporation and water transportation, internal stagnation
and diffusion of fluid-dampness, which eventually result in
edema. Long-term stagnation of fluid-dampness may produce
phlegm and stasis, and the accumulation of phlegm turbid in
turn further affects the ascending and descending of vital Qi,
aggravating the leakage of protein and other essences (17).
Shen'an granules are composed of astragalus, epimedium, and
rhubarb at a ratio of 2:2:1. Although the formula only contains
three ingredients, it is established through long-term clinical
practice and has definite efficacy. In the formula, astragalus
can strengthen the spleen and ascend the clear, which induce
diuresis in order to alleviate edema; epimedium can warm
kidney and protect semen, thus improving Qi transformation
and inducing diuresis (18). The combination of the two
herbs replenishes both inborn and acquired deficiency, and
replenishes, and consolidates vital essences, leading to the
recovery of the function of spleen and kidney on the regulation
of fluid-dampness. Furthermore, the wine-processed rhubarb
of only half the amount of astragalus and epimedium can
eliminate side effects and maintain beneficial effects, resolve
stasis and turbidity without damaging the vital Qi, and also
clears the stasis and turbidity from excrement (19,20). The
combination of the three herbs can eliminate side effects and
maintain beneficial effects, nourish the basics of spleen-kidney,
recover their functions, consolidate the essences, remove stasis
and turbidity, and replenish the vital essence, leading to the
effective relief of symptoms, such as proteinuria and edema, in
patients with diabetic nephropathy.

The results of the present study have shown that the
expression levels of Wntl and pB-catenin proteins in the
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model group were significantly lower than those in the
control group, and the expression was positively correlated
with SCr, urea nitrogen, CHOL, and TG. Different concen-
trations of Shen'an granules can inhibit the expression of
Wntl and B-catenin proteins, and decrease levels of 24-h
urine albumin, SCr, BUN, CHOL, and TG, thereby reducing
urinary protein, improving renal function, and regulating
lipid metabolism. Experiments demonstrated that Shen'an
granules reduce urinary protein, improve renal function, and
regulate lipid metabolism by inhibiting the abnormal activa-
tion of the Wnt signal transduction pathway, thereby delaying
the progression of diabetic nephropathy. The study provided
experimental basis for Wnt signal transduction pathway as a
new target for the treatment of diabetic nephropathy using
Chinese traditional medicines.
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