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Abstract: Numerous cytokines participate in the occurrence and development of inflammation and renal interstitial
fibrosis. Previous studies confirmed that TGF-B1 overexpressed in diabetic nephropathy. As a downstream signal
protein of TGF-B1 family, SMAD has an important role in the process of a-SMA mediated renal interstitial fibrosis.
This study aimed to study astragaloside effect on TGF-B1, SMAD2/3, and a-SMA expression in the kidney tissue of
diabetic KKAy mice, to reveal its potential impact on renal interstitial fibrosis. 20 type Il diabetic KKAy mice were
randomly equally divided into model group and astragaloside group, while 10 male C57BL/6J mice were selected
as the control. Astragaloside at 40 mg/(kged) was given when the KKAy mice fed with high-fat diet to 14 weeks
old. The mice were killed at 24 weeks old and the kidney tissue samples were collected. Pathology morphological
changes were observed. TGF-B1, SMAD2/3, and a-SMA expression levels were determined by immunohistochemis-
try. Compared with control, mice kidney in model group appeared obvious fibrosis and up-regulated blood glucose
level, TGF-B1, SMAD2/3, and a-SMA expression (P < 0.05). Mice in astragaloside group exhibited alleviated renal
interstitial fibrosis compared with the model. Its blood glucose level, TGF-f1, SMAD2/3, and a-SMA expression
levels were significantly lower than the model group (P < 0.05). Astragaloside can delay the renal fibrosis process
in diabetic mice by influencing the TGF-B/SMADS signaling pathway and down-regulating TGF-31, SMAD2/3, and
a-SMA expression.
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Introduction tubular epithelial cells were stimulated by exog-
enous TGF-B, SMAD2 could be phosphorylated
and transferred into the nucleus. It can induce
renal tubular epithelial cells secreting collagen
(I, 1, and IV types) and a-SMA protein expres-
sion [5, 6]. Astragaloside is extracted from legu-
minous plant astragalus with anti-oxidant, anti-
inflammatory, and protecting kidney effects. It
can protect kidney through multiple pathways.
This study intends to study astragaloside effect
on TGF-B1, SMAD2/3, and a-SMA expression in
has an important effect in delaying chronic the kidney tissue of diabetic KKAy mice, to
renal failure. Many cytokines involved in the reveal its potential impact on renal interstitial
renal fibrosis process including transforming fibrosis and provide basis for astragaloside pro-
growth factor beta 1 (TGF-B1). TGF-B1 can tecting kidney.

induce epithelial mesenchymal transition in
renal tubular epithelial cells, and overexpressed

Diabetic nephropathy is an important complica-
tion of diabetes mellitus. Fibrosis and inflam-
mation play important roles in diabetic nephrop-
athy development, and its main pathological
changes include renal tubular and glomerular
fibrosis and inflammation. Renal tubular lesions
appeared earlier than the glomerular lesions in
the renal fibrosis process, which is an impor-
tant factor in chronic renal failure [1, 2].
Therefore, inhibiting tubular interstitial fibrosis

Materials and methods

in the process of diabetic nephropathy [3, 4]. Experimental animal
As TGF-B family downstream signal transduc-
tion protein, SMAD protein is associated with 10 male C57BL/6J mice and 20 male KKAy

renal fibrosis. It was found that when the renal mice weighted 22-24 g were provided by Sun
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Figure 1. Astragaloside impact on KKAy diabetic mice blood glucose.
*P < 0.05, compared with control; #P < 0.05, compared with the model

group.

Shandong University. They were fed in the SPF
animal laboratory and KKAy mice were given
high-fat diet.

Mice were used for all experiments, and all pro-
cedures were approved by the Animal Ethics
Committee of our hospital.

Drugs and reagents

Astragaloside is provided by Sigma. DAB Kit,
TGF-B1 and ao-SMA polyclonal antibodies are
provided by the Beijing Zhongshan Biological
Technology Co., LTD. Phosphorylated SMAD2/3
polyclonal antibody is purchased from Wuhan
Boster biotechnology co., LTD. PBS: 0.01 mol/L,
pH 7.2, antigen repair fluid: 0.01 mol/L, pH 6.0.

Instruments

Imago-Pro Plus5.1 image analysis software and
Roche glucose meter were used in this study.

Modeling

KKAy mice were fed with high-fat diet to 14
weeks old. Diabetic model was determined
according to the random blood glucose level >
13.9 mmol/L [7]. Mice general status was
observed daily.

Grouping

KKAy mice with similar blood glucose level were
randomly equally divided into model group and
drug group. Astragaloside at 40 mg/(kged) was
given to the drug group through intragastric

6829

administration. 10 C57BL/6)J
® Gontrol mice were selected as normal
control with normal diet. The
mice in the normal control and
model group received normal
saline at 40 mg/(kged). The mice
were killed at 24 weeks old and
the kidney tissue samples were
collected and fixed with 4%
paraformaldehyde.

® Model

u Astragaloside

Detection index

(1) Blood glucose assay: The
bloodwasextractedfromorbitalve-
nous to detect fasting blood-glu-
cose level at 16, 20, and 24
weeks.

(2) Renal tissue morphological observation:
Renal tissue was embedded by paraffin for sec-
tioning. It received conventional HE staining
and Masson staining, and observed under the
light microscope.

(3) Immunohistochemistry: TGF-B1, SMAD2/3,
and a-SMA expression were detected by immu-
nohistochemistry according to the SABC kit
manual. Antibody dilutions were 1:200 for TGF-
B4, 1:400 for SMAD2/3, and 1:500 for a-SMA.
0.01 mol/L PBS was selected as negative con-
trol. Ten glomerular were randomly selected to
detect the absorbance and calculate the aver-
age protein expression.

Statistical analysis

All statistical analyses were performed using
SPSS19.0 software (SPSS Inc., USA). Numerical
data were presented as means and standard
deviation (X + SD). Differences between multi-
ple groups were analyzed by t-test or one-way
ANOVA and LSD test. P < 0.05 was considered
as significant difference.

Results
General status comparison

Mice in the control group showed sensitive
response and smooth hair. Mice in the model
group mice exhibited weak mental state, slow
movement, polydipsia and polyuria, insensitive
response, and rough hair. The symptom
became worse gradually following the age.
Mice in the astragaloside group presented bet-
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Figure 2. Astragaloside impact on KKAy diabetic mice histomorphology.
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Figure 3. Astragaloside impact on TGF-f1, SMAD2/3, and a-SMA expression in the KKAy diabetic mice kidney. *P <
0.05, **P < 0.01, compared with control; #P < 0.05, ##P < 0.05, compared with the model group.

ter mental state and response sensitivity than
the model group, but worse than the control.

Astragaloside impact on KKAy diabetic mice
blood glucose

14 weeks KKAy mice showed significantly high-
er fasting blood glucose level than the control
(P < 0.05). Fasting glucose level increased obvi-
ously at 16, 20, and 24 weeks in model mice,
and decreased in astragaloside group (P <
0.05) (Figure 1).
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Astragaloside impact on KKAy diabetic mice
histomorphology

24 weeks mice in the control showed clear glo-
merular and renal tubular structure without
interstitial fibrosis. Mice in the model group
exhibited increased glomerular mesangial
matrix, significantly proliferated mesangial
cells, renal tubular epithelial cell cytoplasm
vacuoles degeneration, and increased renal
interstitial inflammatory cells. Renal tubular
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Figure 4. Astragaloside impact on TGF-B1, SMAD2/3, and a-SMA expression in the KKAy diabetic mice

Kidney (x200).

cytoplasm vacuoles were relatively fewer in the
mice from the astragaloside group with no sig-
nificant fibrosis (Figure 2).

Astragaloside impact on TGF-B1, SMAD2/3,
and a-SMA expression in the KKAy diabetic
mice kidney

TGF-B1 expressed weak in the control, while it
expressed strongly in the renal tubular epithe-
lial cell cytoplasminthe model group. Compared
with the model group, TGF-B1 decreased obvi-
ously in the astragaloside group. Cytoplasm
a-SMA expression increased in model group
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and astragaloside group. Specially, it signifi-
cantly reduced in astragaloside group com-
pared with the model group (P < 0.05). There
was less SMAD2/3 phosphorylation in the renal
tubular and glomerular cell nucleus from the
control group. It increased markedly in the
model group, while it declined in the astragalo-
side group (P < 0.05) (Figures 3 and 4).

Discussion

Astragalus membranaceus benefits for detu-
mescence. Astragaloside is the main active
ingredient of leguminous plant astragalus
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membranaceus that has multiple pharmaco-
logical activities. Astragaloside and polysac-
charide are the main monomer composition
extracted from astragalus membranaceus. It
has been found that astragalus membrana-
ceus and astragaloside have numerous phar-
macological effects such as anti-stress, reduc-
ing blood glucose, immune regulation, diuresis,
and protecting kidney [8]. Astragalus membra-
naceus can delay the process of diabetic
nephropathy and alleviate glomerular mesan-
gial matrix proliferation. However, the mecha-
nism of astragaloside protecting kidney has not
been fully elucidated. Studies have shown that
[9], astragaloside could protect rats podocytes
under high glucose condition or STZ induced
type | diabetes. It can inhibit integrin ligase
expression, up-regulate a3B1 integrin protein
expression in podocytes, and delay podocytes
apoptosis. In addition, astragaloside could reg-
ulate Bax/Bcl-2 through Caspase-3 pathway to
inhibit podocytes apoptosis [10]. Some
researches confirmed that astragaloside can
improve rat’s renal tubular damage by reducing
inflammatory factors level in acute kidney injury
through down-regulating NF-kB expression and
inhibiting phosphorylation p38MAPK pathway
[11, 12]. Fukuda revealed that astragaloside
can inhibit high glucose induced human renal
tubular epithelial cells apoptosis by down-regu-
lating TGF-B1 and inhibiting p38MAPK pathway
[13, 14]. Recent studies suggested that [15,
16], astragaloside can inhibit NRK-52E tubule
cells generating ROS and inhibit EMT through
the antioxidant effect. Thus, we hypothesized
that astragaloside may affect inflammation and
fibrosis through TGF-B1 mediated pathways.
Therefore, this study aimed to observe astraga-
loside impact on TGF-B1, SMAD2/3, and a-SMA
expression in diabetic KKAy mice and explore
its influence on renal interstitial fibrosis.

Renal interstitial fibrosis and renal tubule
lesions play important roles in kidney disease
and are closely related to renal hypofunction.
Renal tubular epithelial cells EMT might be a
key link in the process of diabetic nephropathy.
An important mechanism for renal function
deterioration in the process of diabetic
nephropathy is renal tubule interstitial fibrosis.
Myofibroblasts is a sign of renal fibrosis. It is
the main source of producing extracellular
matrix in the process of renal fibrosis. Proximal
tubule epithelial cell could transdifferentiate to
fibroblasts. Therefore, the key to delay chronic
kidney disease development is to suppress
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tubular interstitial fibrosis [17, 18]. Renal tubu-
lar epithelial cells may transform to myofibro-
blasts after activation, resulting in secretion
and contractility increase, large amount of
extracellular matrix production, and renal inter-
stitial fibrosis. TGF-B plays an important role in
the process of renal tubular epithelial cells
EMT. SMAD protein is a downstream signal
transduction protein of TGF-B. This research
observed astragaloside impact on fasting blood
glucose and renal pathological morphology
through using astragaloside intervene diabetic
KKAy mice. The results showed that compared
with the control group, mice kidney in model
group presented obvious fibrosis and signifi-
cant higher blood glucose level. Compared with
model group, astragaloside group exhibited
alleviated renal interstitial fibrosis with mild
interstitial cells hyperplasia and lower blood
glucose level. It suggested that astragaloside
can reduce diabetic KKAy mice blood glucose
level and inhibit renal fibrosis development.
TGF-B1, SMAD2/3, and a-SMA proteins expres-
sion increased significantly in model mice kid-
ney compared with control. Their levels
decreased in astragaloside group compared
with the model group. a-SMA is a marker for
mesenchymal cells as participating in renal
tubular epithelial cells EMT process. a-SMA
level can reflect the degree of renal fibrosis.
Previous in vitro experimental results confirmed
that SMAD2/3 expressed in human mesangial
cells and involved in SMADS signaling pathway
in the process of TGF-B1 inducing gene tran-
scription type | collagen [19, 20]. Renal tubule
cell interstitial transformation has four steps:
renal tubular epithelial cells loss adhesion;
a-SMA protein expression and actin cytoskele-
ton rearrangement; renal tubular basement
membrane destruction; renal tubular epithelial
cell migration, invasion abilities increase. TGF-
B1 is an important cytokine in the process.
TGF-B1 can regulate cell proliferation and dif-
ferentiation. Its up-regulation revealed renal
interstitial fibrosis. It can inhibit matrix-degrad-
ing enzymes expression, promote renal tubule
cell EMT, suppress renal tubule cell prolifera-
tion, and lead to renal fibrosis and inflamma-
tion [20, 21]. In vitro studies indicated that high
glucose stimulation can activate SMAD signal-
ing pathway in glomerular mesangial cells and
tubular epithelial cells, resulting in TGF-3 over-
expressed. In vivo study showed that TGF-B1,
SMAD2/3, a-SMA expression were positive cor-
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related in diabetic model mice kidney. TGF-3/
SMAD signaling pathways activation increased
a-SMA protein expression [22-24]. All of the
results suggested that TGF-B1, SMAD2/3, and
a-SMA up-regulation and activation are impor-
tant in renal fibrosis process of diabetic
nephropathy. In our study, astragaloside inter-
vention can decrease TGF-B1, SMAD2/3, and
o-SMA in diabetic KKAy mice, indicating that
astragaloside can alleviate renal fibrosis in
mice through down-regulating TGF-B1, SM-
AD2/3, and a-SMA expression to inhibit TGF-B/
SMADS signaling pathway.

Astragalus membranaceus is thought to be
helpful for detumescence and diuresis. Our
results found that astragaloside can improve
diabetic mice renal fibrosis by affecting TGF-B/
SMADS signaling pathway and down-regulating
TGF-B1, SMAD2/3, a-SMA expression. Above
all, astragaloside has protective effect to the
kidney by inhibiting renal tubular interstitial
fibrosis and tubular epithelial mesenchymal
transdifferentiation.
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