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This study aimed to investigate effects of shenkang injection on angiogenesis
in mice with renal fibrosis. C57BL/6J mice after unilateral ureteral obstruction
were administrated with different doses of shenkang injection for two weeks.
Losartan-administrated mice and Sham-operation mice were as positive and
negative controls, respectively. Renal function and vasculature changes were
observed, and expressions of VEGF and VEGFR2 were detected. Shenkang
injection reduced serum levels of urea nitrogen, creatinine and cystatin C.
Shenkang injection alleviated the loss of microvessels, decreased the
deposition of collagen fibers, and increased expressions of VEGF and VEGFR2
in the obstructed kidney. These findings indicate that shenkang injection
alleviates renal dysfunction and fibrotic changes in mice with renal fibrosis by
regulating renal angiogenesis.

Introduction
Renal fibrosis is characterized by tubulointerstitial
leukocyte infiltration, fibroblast proliferation, and
increased matrix deposition. Renal fibrosis, consists of
renal interstitial fibrosis and glomerular sclerosis, is a
pathological hallmark of all chronic kidney diseases
and results in end-stage renal disease. While current
modern medicine is not effective in halting the
progression of most chronic kidney disease, renal
fibrosis is believed to represent an excellent treatment
target of chronic kidney diseases (Stribos et al., 2016).
Shenkang injection is composed of radix et rhizoma
rhei, radix astragali, radix et rhizoma salviae miltiorrhizae and flos carthami (Yao et al., 2014). Shenkang
injection and its constituents are reported to minimize
renal lesions by decreasing the levels of serum
creatinine and blood urea nitrogen, suppressing oxidetive stress and accumulation of extracellular matrix, and
alleviating glomerular sclerosis and pathological lesions

in 5/6 nephrectomized rats (Liu et al., 2015; Wu et al.,
2015; Liu et al., 2015; Zhang et al., 2014). Clinical studies
have also suggested that combination of shenkang
injection and alprostadil reduces the levels of urinary
protein, serum creatinine, blood urea nitrogen, urinary
albumin excretion rate and some serum inflammatory
factors, and protects renal function in patients with
chronic glomerulonephritis and chronic renal failure
(Wang et al., 2016).
By means of a network research of pharmacological
effects of shenkang injection on chronic kidney disease,
vascular endothelial growth factor (VEGF) pathway is
found to be involved in shenkang injection treatment
for chronic kidney disease, and angiogenesis induced
by VEGF may be a therapeutic target of shenkang
injection treatment for chronic kidney disease. While
little was known about the effects of shenkang injection
on renal angiogenesis in previous studies, this study
aimed to investigate potential protective effects of
shenkang injection on renal angiogenesis.
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Materials and Methods

followed the manufacturers’ protocols.

Drugs and reagents

Micro-computed tomography

Shenkang injection was purchased from the Xi'an ShiJi
ShengKang Pharmaceutical Industry Co., Ltd. (China)
and losartan was purchased from the Merck Sharp &
Dohme (China). Anti-vascular endothelial growth
factor (VEGF; 19003-1-AP) and anti-vascular endothelial
growth factor receptor 2 (VEGFR2; 26415-1-AP) were
purchased from the Proteintech Group, Inc. (USA).

Renal vasculature was observed by micro-computed
tomography according to the method described
elsewhere (Ehling et al., 2016). Briefly, mice were
anesthetized with 1%pentobarbital sodium (80 mg/kg)
via intraperitoneal injection. For each mouse, after the
thoracic cavity was opened, a blunt 22G needle was
inserted into the cardiac apex and the auricula dextra
was then severed. Vessels of systemic circulation were
perfused with 30 mL of 0.9% saline, 30 mL of 4%
paraformaldehyde, and 20 mL of microfil injection
compounds (MV-122, Flow Tech, Inc., USA) via a
perfusion pump (LSP04-1A, Baoding Longer Precision
Pump Co., Ltd, China) successively. The entire
carcasses were kept overnight at 4°C after clamping the
cardiac apex and the auricula dextra. Kidneys were
excised and fixed in 4% paraformaldehyde the next
day. Kidneys were positioned on the rotation platform
and scanned 360° around the vertical axis by a Siemens
micro-CT scanner (Siemens Inveon Micro-CT, Germany). Images were acquired at 60 kV, 400 μA. This
resulted in 2048*2048 pixels images with resolution of
10.32 μm. And 3D images were reconstructed by
Siemens Inveon Research Workplace software 4.2.

Animals
Forty-eight specific pathogen-free male C57BL/6J mice,
8-week-old, weighing 20.8 ± 1.5 g, were supplied by the
Beijing Vital River Laboratory Animal Technology Co.,
Ltd. (experimental animal license No. SCXK [Jing] 20160011). The mice were kept in a specific pathogen-free
condition of (22 ± 3) centigrade and (55 ± 10)% relative
humidity under a 12/12 hours light/dark cycle, and
freely provided with food and water.
Modeling and drug administration
The mice were randomly divided into six groups, each
with the same body weight distribution (eight mice in
each group): Sham group, unilateral ureteral
obstruction group, losartan group, high-dose shenkang
injection group (7.8 g/kg), moderate-dose shenkang
injection group (3.9 g/kg), and low-dose shenkang
Injection group (1.95 g/kg). Mice were anesthetized
with 1% pentobarbital sodium (80 mg/kg) via
intraperitoneal injection. The left ureters were freed
without ligation in Sham mice as negative controls.
Mice except the sham ones were subjected to unilateral
ureteral obstruction, in which the left ureters were
ligated with silk thread at two ends and the parts
between two ligatures were severed (Han et al., 2017).
For the sham ones, the left ureters were freed without
ligation.
Losartan was administrated by gavage at a dose of 13
mg/kg once daily in losartan group. Shenkang injection
was administered via a tail vein once daily respectively.
An equivalent amount of vehicle was administered to
other groups via gavage administration or/and vein
injection. The time and route of administration followed
the instruction of shenkang injection and were in line
with clinical use. And the dosage was converted from
human dosage in clinic. Mice were sacrificed two weeks
after administration (15 days after unilateral ureteral
obstruction).
Measurement of blood urea nitrogen, creatinine and
cystatin C
Blood were collected from the orbital venous plexus
before sacrifice. Serum was separated by low-speed
centrifugation (3,000 rpm at 4°C for 10 min). Levels of
blood urea nitrogen, creatinine and cystatin C were
determined by commercial assay kits. Operations

Histology and immunohistochemistry
Kidneys were harvested immediately after sacrifice.
Kidneys were fixed in 4%paraformaldehyde, embedded
in paraffin, and cut into 4μm sections for histological
evaluation. Parts of the sections were strained by
hematoxylin and eosin to observe pathological changes,
and by sirius red to observe fibrotic lesions and
evaluate collagen deposition. Photographs of sections
were taken by an Olympus microscope (BX53F, Olympus Co., Japan).
Other parts of the sections were used to perform
immunohistochemical stains against VEGF and
VEGFR2. The extent of dyeing was observed, and
average optical density of positive areas was calculated
(average optical density = integral optical density/
area).
Statistical analysis
The results of immunohistochemistry were carried out
using ImageJ software (version 1.46; National Institutes
of Health, USA). All quantitative data were analyzed by
One-Way analysis of variance (ANOVA) using SPSS
software (version 17.0; SPSS Inc., USA) and presented
as mean ± SD. P value <0.05 was considered as
statistically significant.

Results
Effects of shenkang injection on blood urea nitrogen,
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creatinine and cystatin C

branching, and a prominent decrease in vessel
tortuosity in the left kidneys. Compared to unilateral
ureteral obstruction mice, the number of blood vessels,
vessel branching and vessel tortuosity increased, and
the loss of microvessels alleviated in left kidneys of
mice in losartan and shenkang injection (7.8, 3.9 and
1.95 g/kg) groups.

As shown in Figure 1 (A, B, C), compared to sham mice,
levels of blood urea nitrogen, creatinine and cystatin C
increased significantly in unilateral ureteral obstruction
mice (p<0.05 or p<0.01). And compared to unilateral
ureteral obstruction mice, levels of blood urea nitrogen,
creatinine and cystatin C decreased significantly in
losartan and shenkang injection (7.8 g/kg) mice (p<0.05
or p<0.01).

Effects of shenkang injection on renal pathology and
fibrosis
As shown in tissue sections with hematoxylin and eosin
stains (Figure 3), sham mice had normal renal structure
with no obvious pathological damages and seldom
inflammatory cells infiltration. Compared to sham
mice, there were remarkable fibrotic changes with

Effects of shenkang injection on renal vasculature
As shown in Figure 2, compared to sham mice,
unilateral ureteral obstruction mice had a dramatic
reduction in numbers of blood vessels and vessel
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Figure 1: Effects of shenkang injection on blood urea nitrogen (BUN), serum creatinine (Scr) and cystatin C (CysC).
The levels were determined by assay kits. Values are presented as mean ± SD; ap<0.05 vs sham group, bp<0.01 vs
sham group, cp<0.05 vs UUO group, dp<0.01 vs UUO group; ARB means losartan, UUO means unilateral ureteral
obstruction; SKI-H means shenkang injection (7.8 g/kg); SKI-M means shenkang injection (3.9 g/kg); SKI-L means
shenkang injection (1.95 g/kg)

Figure 2: Effects of shenkang injection on renal vasculature. SKI-H means shenkang injection (7.8 g/kg); SKI-M means shenkang
injection (3.9 g/kg); SKI-L means shenkang injection (1.95 g/kg); Renal vasculature was observed by micro-CT with a Siemens
micro-CT scanner. 3D images were reconstructed by Siemens Inveon Research Workplace software 4.2
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Figure 3: Effects of shenkang injection on renal pathology. Kidney biopsies were strained by hematoxylin and eosin to observe
pathological changes (HE stains, 400×); SKI-H means shenkang injection (7.8 g/kg); SKI-M means shenkang injection (3.9 g/kg);
SKI-L means shenkang injection (1.95 g/kg)

considerable tubular lumens dilatation, swollen renal
tubular epithelial cells, enlarged renal interstitium and
apparent inflammatory cells infiltration in unilateral
ureteral obstruction mice. Compared to unilateral
ureteral obstruction mice, fibrotic changes alleviated in
mice of losartan and shenkang injection (7.8, 3.9 and
1.95 g/kg) groups.
As shown in tissue sections with sirius red stain (Figure
4A and 4B), seldom renal collagen fibers were observed
in sham mice. Compared to sham mice, renal collagen
fibers obviously increased in unilateral ureteral
obstruction mice with sirius red stain showing red or
orange birefringence under polarized light. And
compared to unilateral ureteral obstruction mice,
deposition of renal collagen fibers decreased in mice of
losartan and shenkang injection (7.8, 3.9 and 1.95 g/kg)
groups.
Effects of shenkang injection on VEGF and VEGFR2
As shown by the extent of dyeing and average optical
density of positive areas in Figure 5 (A, B), compared to
sham mice, expression of VEGF decreased significantly
in unilateral ureteral obstruction mice (p<0.01). Com-

pared to unilateral ureteral obstruction mice, expression
of VEGF increased significantly in mice of losartan and
shenkang injection (7.8, 3.9 and 1.95 g/kg) groups
(p<0.01).
And as shown by the extent of dyeing and average
optical density of positive areas in Figure 6 (A, B),
compared to sham mice, expression of VEGFR2
decreased significantly in unilateral ureteral obstruction
mice (p<0.01). Compared to unilateral ureteral
obstruction mice, expression of VEGFR2 increased
significantly in mice of losartan and shenkang injection
(7.8, 3.9 and 1.95 g/kg) groups.

Discussion
This study demonstrated that shenkang injection might
be a therapeutic strategy for renal fibrosis by regulating
renal angiogenesis. As far as we know, this is the first
work that demonstrated effects of shenkang injection on
renal fibrosis in mice with unilateral ureteral obstruction, targeting angiogenesis of renal vessels.
Previous studies have shown that shenkang injection
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Figure 4: Effects of shenkang injection on renal fibrosis. Kidney biopsies were strained by sirius red stain to observe fibrotic lesions. (A) Sirius red stain, 400x, natural light; (B) Sirius red stain, 400x, polarized light; SKI-H means shenkang injection (7.8 g/kg);
SKI-M means shenkang injection (3.9 g/kg); SKI-L means shenkang injection (1.95 g/kg)

could reduce serum levels of urea nitrogen, creatinine
and cystatin C in 5/6 nephrectomized rats and
streptozotocin-induced diabetic rats (Liu et al., 2015;
Wu et al., 2015; Liu et al., 2015). In this study, shenkang
injection was also found to decrease serum levels of
urea nitrogen, creatinine and cystatin C significantly in
mice with unilateral ureteral obstruction after
administration via tail vein for 14 days (p<0.05 or p<
0.01). Different from previous studies, unilateral
ureteral obstruction model was used to investigate the
effects of shenkang injection on renal fibrosis in this
study. Unilateral ureteral obstruction is believed to
mimic human chronic obstructive nephropathy and
elucidate the pathogenesis of renal fibrosis, the
common pathway in the progression of chronic kidney
disease (Martinez et al., 2019; Chevalier et al., 2009). In
obstructed kidney of unilateral ureteral obstruction,
there are tubular dilation, interstitial expansion, loss of
proximal tubular mass, hypertrophy, hydronephrosis,
infiltration of inflammatory cells, tubular epithelial cell
apoptosis and presence of fibroblasts, which altogether
lead to progressive renal fibrosis (Martinez et al., 2019).
These changes allow the use of experimental unilateral
ureteral obstruction in rats and mice as a model to
reproduce cardinal features of progressive chronic
kidney disease in an accelerated fashion, and thus be
used to address therapeutic approaches to kidney
diseases (Ucero et al., 2014).

Typical pathological and morphological changes of
renal fibrosis are tubular lumens dilatation, swollen
renal tubular epithelial cells, enlarged renal interstitium
and inflammatory infiltration (Chen et al., 2019). By
hematoxylin and eosin stains, shenkang injection was
found to alleviate these pathological and morphological
changes in this study. And the most important fibrotic
change is defined by formation and accumulation of
extracellular matrix by kidney resident mesenchymal
cells (Djudjaj et al., 2019). By sirius red stain, shenkang
injection was found to decrease the deposition of
collagen fibers, the basic components of extracellular
matrix in this study. Altogether, shenkang injection was
indicated to inhibit renal fibrosis by alleviating
pathological changes and decreasing deposition of
collagen fibers.
Studies have shown that renal fibrosis is paralleled by
loss of micro-vessels, such as peritubular capillary
rarefaction, and claimed that angiogenesis could be
augmented as a therapeutic strategy for renal fibrosis in
chronic kidney diseases (Humphreys, 2018; Majo et al.,
2019). Here, micro-CT was used to visualize renal
vessels. Micro-CT is highly reproducible and is believed
to be a reliable approach in preclinical and basic kidney
researches, especially useful in vasculature-related
kidney pathologies such as renal fibrosis (Hlushchuk et
al., 2018). In this study, it was obviously observed that
unilateral ureteral obstruction mice had dramatic loss of
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Figure 5: Effects of shenkang injection on expression of VEGF. (A) Expression of VEGF were determined by immunohistochemistry, 400×; (B) Average optical density (AOD) of positive areas was calculated. Values are presented as mean ± SD. ap<0.01 vs sham group, bp<0.01 vs UUO group; ARB means losartan; SKI-H means shenkang injection (7.8 g/kg); SKI-M means shenkang injection (3.9 g/kg); SKI-L means shenkang injection (1.95 g/kg)
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Figure 6: Effects of shenkang injection on expression of VEGFR 2. (A) Expression of VEGFR2 were determined by
immunohistochemistry, 400×; (B) Average optical density (AOD) of positive areas was calculated. Values are presented as mean ± SD. ap<0.01 vs sham group, bp<0.05 vs UUO group, cp<0.01 vs UUO group; ARB means losartan;
SKI-H means shenkang injection (7.8 g/kg); SKI-M means shenkang injection (3.9 g/kg); SKI-L means shenkang
injection (1.95 g/kg)
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microvessels in fibrotic kidneys compared with the
sham mice by micro-CT, showing reduction in numbers
of blood vessels and vessel branching, and decrease in
vessel tortuosity in the left kidneys, which were in line
with Ehling et al., 2016 and Lin et al., 2017. And
shenkang injection alleviated loss of micro-vessels,
showing obvious increases in numbers of blood vessels,
vessel branching, and vessel tortuosity. As far as we
know, this is the first work to demonstrate effects of
shenkang injection on renal mircovessels in mice with
unilateral ureteral obstruction by micro-CT.
VEGF, the only specific mitogen to promote
vasculogenesis and angiogenesis, plays an important
role in modulating microvascular loss in the kidney
(Chade et al., 2012). Recent studies have suggested that
VEGF and VEGF-eNOS axis bioavailability decreased
progressively in stenotic kidneys. Administration of
VEGF can induce renal angiogenesis and alleviate renal
fibrosis, and therefore VEGF therapy could provide a
novel clinical approach in the treatment of chronic
kidney disease (He et al., 2013; Stolz et al., 2015). By
immunohistochemistry, expressions of VEGF and
VEGFR2 were found to decrease in obstructed kidney of
unilateral ureteral obstruction mice, and shenkang
injection was found to increase expressions of VEGF/
VEGFR2 in this study. Altogether, shenkang injection
was indicated to regulate renal angiogenesis by
alleviating loss of micro-vessels and increasing
expressions of VEGF/VEGFR2, and therefore might be a
therapeutic strategy for renal fibrosis.

Conclusion
Shenkang injection alleviated renal dysfunction in mice
with unilateral ureteral obstruction by decreasing blood
urea nitrogen, creatinine and cystatin C, and inhibited
renal fibrosis by alleviating pathological changes and
decreasing deposition of collagen fibers. These effects
might be related to regulating renal angiogenesis by
alleviating loss of microvessels and increasing
expressions of VEGF/VEGFR2.
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