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Abstract
Objective ‒ To investigate the effect of baicalin on
diabetic nephropathy (DN) rats and podocytes and its
mechanism.
Methods ‒ The rat models with DN were established by
high-fat and high-sugar diet and intraperitoneal injection
of streptozotocin. The fasting blood glucose (FBG) and
weight of rats in each group were measured at 0, 1, 2,
3, and 4 weeks. Their biochemical indicators, expression
of inflammatory, and antioxidant factors were measured
using an automatic biochemical analyzer together with
ELISA. Hematoxylin–eosin staining and periodic acid-
schiff staining were used to observe the morphological
changes in the kidneys of rats in each group. Finally,
the expressions of related molecules and PI3K/Akt/mTOR
signaling pathway proteins in renal tissues and podocytes
were examined by qRT-PCR and Western blot.
Results ‒ Compared with the DN group, the FBG and
weight, serum creatinine, blood urea nitrogen, total cho-
lesterol, triacylglycerol, microalbumin, and albumin/crea-
tinine ratio were all significantly decreased in the Baicalin
treatment groups in a concentration-dependent manner.
The levels of inflammatory factors in kidney tissue and
podocytes were decreased. In addition, the activities of
lactate dehydrogenase andmalondialdehyde in tissue were
decreased, while the superoxide dismutase was increased.
The pathological sections showed that glomerular atrophy

and glomerular basement membrane thickening caused
by hyperglycemia were improved in the Baicalin treatment
groups. Meanwhile, baicalin inhibited the downregulation
of Nephrin and Podocin expressions and upregulation
of Desmin expression caused by DN, and inhibited the
expressions of p-PI3K, p-Akt, and p-mTOR proteins.
Conclusion ‒ Baicalin slows down podocyte injury
caused by DN by inhibiting the activity of PI3K/Akt/
mTOR signaling pathway.
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1 Introduction

Diabetic nephropathy (DN) is a disease in which diabetes
mellitus (DM) induces vascular lesions, thus promoting
glomerulosclerosis [1]. DN is characterized by diffuse
thickening of the glomerular basement membrane (GBM),
proliferation and dilatation of the mesangial matrix, and
other morphological changes, inducing renal dysfunc-
tion. DN will develop into end stage renal disease if not
treated in time [2]. According to the latest statistics from
the International Diabetes Federation, there are currently
about 425 million DM patients worldwide and the number
is expected to reach 629 million by 2045, of which 30–40%
of DM patients will suffer from DN [3,4]. It has been
shown that the persistent hyperglycemic state in the per-
ipheral blood of DM patients changes hemodynamics
and increases oxidative stress in the body, thus causing
severe injury to local renal cells such as glomerular
capillary endothelial cells and podocytes [5]. Among
them, podocytes, as terminally differentiated cells, are
the important functional cells in the renal glomerulus.
Because of the terminal differentiation, podocytes cannot
regenerate once subjected to destruction [6]. Hyper-
glycemia destroys the GBM, resulting in podocyte hyper-
trophy and detachment. So podocyte content in urine
was proposed to be used as a marker to determine the
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early stage of DN, which is more accurate than urinary
albumin [7]. Some studies have pointed out that avoiding
podocyte injury is the key to prevent the occurrence of
DN [8].

Baicalin (5,6,7-trihydroxyflavone) is a flavonoid ex-
tracted from scutellaria baicalensis georgi [9]. It has a wide
range of biological functions, including antibacterial, anti-
viral, and anti-tumor functions [10,11]. Cheng showed that
baicalin reduced lipopolysaccharide-induced liver inflam-
mation in chicken by suppressing TLR4-mediated NF-κB
signaling pathway [12]. Meanwhile, baicalin was found to
improve renal function in DN patients by inhibiting exces-
sive inflammation and oxidative stress, and thereby effec-
tively delaying the development of DN [13]. Baicalin is
also used in clinical applications. Haixia [14] found that
baicalin could reduce proteinuria in patients with early
DN. Yang et al. [15] also found that baicalin can improve
the renal function of patients with DN and delay the pro-
gression of DN through various pathways such as anti-
inflammation and antioxidation. However, at present, the
effect of baicalin on podocytes in DM-induced DN tissues
and its mechanism has not been reported. Therefore, this
study investigated DN rats and podocytes to provide a
certain theoretical and experimental basis for subsequent
research on the treatment of DM-induced DN.

2 Materials and methods

2.1 Establishment and grouping of DN rat
models

A total of 30 Sprague Dawley (SD)male rats aged 8 weeks
and weighing 180−200 g were selected. After 1 week of
adaptive culture, the rats were randomly divided into five
groups (6 rats/group). Subsequently, the DN rat models
were established by intraperitoneal injection of 35 mg/kg
streptozotocin (STZ) after 4 weeks of high-fat and high-
sugar diet. After 72 h, the rats with fasting blood glucose
(FBG) higher than 13.9 mmol/L and random blood glu-
cose higher than 16.7 mmol/L were considered as diabetic
rats. After successful modeling, the diabetic rats were
divided into 4 test groups: DN group, baicalin low-concen-
tration group (Baicalin-L), baicalin medium-concentration
group (Baicalin-M), and baicalin high-concentration
group (Baicalin-H). In these test groups, same amount of
saline,50mg/kgbaicalin, 100mg/kgbaicalin,and200mg/kg
baicalin were administered, respectively, once daily for
4 weeks by gavage [16]. Meanwhile, the rats with a normal

diet were intraperitoneally injected with the same amount
of sodium citrate buffer for 4 weeks as the control group.
After 4 weeks, 24 h urine and peripheral blood were col-
lected, followed by anesthesia and cervical dislocation
to sacrifice the rats and then their renal tissues were
collected.

Ethical approval: This trial was approved by the ethics
committee of Shenzhen Fuyong People’s Hospital.

2.2 Cell culture and grouping

SDmale rats aged 8 weeks were injected intraperitoneally
with 10% chloral hydrate, and the rats were anesthetized
and then sacrificed by cervical dislocation. Their kidneys
were collected under aseptic conditions, soaked and
rinsed with pre-cooled sterile PBS solution. After the
renal capsule was removed, the kidneys were cut into
small tissue masses (1 mm3) using ophthalmic scissors
and then collected in centrifuge tubes to digest at 150 rpm
with 0.1% of collagenase type IV at 37°C. RPMI-1640
complete culture medium was added 25 min later to
terminate digestion. Subsequently, the cell suspension
passed through the 100, 150, and 200 mesh sieves in
turn. Next the cell suspension was collected into cen-
trifuge tube, centrifuged at 1,000 rpm at 4°C for 5 min,
resuspended with complete medium, and inoculated in
culture flasks to culture in an incubator (Thermo, USA)
with 5% of CO2 at 37°C. Finally, in vitro podocytes of
the rats were obtained. The podocytes as the Test groups
were cultured with RPMI-1640 complete medium con-
taining 30mmol/L of glucose and then treated with 10%
of serum from the rats in each test group, named as high
glucose (HG) group, Baicalin-L group, Baicalin-M group,
and Baicalin-H group. Meanwhile, the other part of the
podocytes cultured in RPMI-1640 medium were treated
with 10% of serum from the rats in the control group,
named as the Control group.

2.3 Measurement of FBG and weight

FBGwasmeasured in the control, DN, Baicalin-L, Baicalin-M,
and Baicalin-H groups at 0, 1, 2, 3, and 4 weeks, respectively.
Then 5 μL of blood collected from the caudal vein was
dropped onto glucose test strips and FBG was measured
by a bloodglucosemeter (Accu-CheckActive,Roche). Their
weights were also measured and recorded.
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2.4 Detection of urine biochemical
indicators

The rats in each group were fed in the promethion cages
(Sable Systems International, USA), and 24 h urine was
collected 4weeks later. After the total amount of urinewas
determined, 3 mL of urine was centrifuged at 3,000 rpm
for 10 min at 4°C, and the supernatant was taken. The 24 h
microalbumin (mALB) in urine was detected using an
automatic biochemical analyzer (Olympus, Japan) to cal-
culate the urinary albumin/creatinine ratio (ACR).

2.5 Detection of blood biochemical
indicators and inflammatory factors

The peripheral blood was collected from the orbital venous
plexus of the rats and centrifuged at 3,000 rpm for 20min.
Then, the serum from the upper layer was collected and
placed into new centrifuge tubes. The serum creatinine
(SCr), blood urea nitrogen (BUN), total cholesterol (TC),
and triacylglycerol (TG) in the serum of the rats were mea-
sured using the automatic biochemical analyzer.

In the meanwhile, the serum or podocyte superna-
tant of rats from each group was detected by the expres-
sions of TNF-α, IL-1β, and IL-6 using ELISA kits (Nanjing
JianchengBioengineering Institute,Nanjing,China),which
were operated in strict accordance with the experimental
instructions.

2.6 Detection of oxidative damage index

Fifty milligram of kidney tissues from rats in each group
were fully ground and centrifuged at 9,000 rpm for 10min
at 4°C. The supernatantwas isolated todetect the activities
of lactate dehydrogenase (LDH), superoxide dismutase
(SOD), and malondialdehyde (MDA) in kidney tissues of
rats from each group using LDH, SOD, andMDA assay kits
(Nanjing Jiancheng Bioengineering Institute) according to
the manufacturer’s instructions.

2.7 Hematoxylin–eosin (HE) staining and
periodic acid-schiff (PAS) staining

The collected renal tissues were rinsed with PBS buffer.
After the renal capsule was removed, the right renal

tissues were fixed with 10% of neutral formaldehyde
and embedded in paraffin for sectioning. The sections
were stained with hematoxylin at room temperature for
5 min, followed by differentiation with hydrochloric acid
alcohol. The sections appearing as blue color was washed
using 1% (volume/volume%) of ammonia and then were
washed in running tap water before being stained with
eosin for 30 s. Finally, the sections were dehydrated with
alcohol, cleared in xylene, and covered with slips. The
pathological changes in the kidneys were observed under
a biomicroscope.

The prepared renal tissue sections were deparaffi-
nized at 65°C, washed with distilled water, and oxidized
in 1% of periodic acid solution for 5–10 min. The sections
were rinsed with distilled water again and stained with
Schiff reagent for 10 min. Subsequently, the tissue sec-
tions were rinsed with sodium bisulfite solution for 3
times (2 min/time) and incubated with hematoxylin solu-
tion for 3 min. Finally, the sections were dehydrated with
alcohol, treated with xylene, and covered with slips. The
pathological changes in the kidneys were observed under
the biomicroscope. Semiquantitative measurement of the
changes was performed using Image J software according
to the previous study [17].

2.8 MTT assay

After treatment, podocytes in the logarithmic growth
phase were seeded in 96-well plates at a density of
500 cells/well and cultured for 24, 48, and 72 h, respec-
tively. Twenty microliter of 5 mg/mL of MTT solution was
added to each group of cells and continued culturing in
the incubator for another 4 h. The culture supernatant in
the wells was pipetted and discarded. Afterwards, 150 μL
of DMSO was added and shaken for 15 min. The absor-
bance of each well was measured at a wavelength of
490 nm by using the enzyme mark instrument.

2.9 Flow cytometry (FCM)

The cells from each group were digested into a centrifuge
tube by utilizing trypsin. After that, they were rinsed
twice with pre-cooled sterile PBS and then adjusted
the cell concentration to 5 × 105 cells/mL. Two hundred
microliter of cell suspension was extracted in order to add
10 μL of Annexin V-FITC followed by 10 μL of PI solution
at the concentration of 20 mg/L. Finally, it was incubated
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in the dark at room temperature for 10min. After adding
500 μL of PBS, apoptosis was detected by FCM.

2.10 qRT-PCR

Total RNA was extracted from renal tissues or cells using
Trizol (Invitrogen) and the RNA concentration was mea-
sured by spectrophotometer. The total RNA was reverse
transcribed into cDNA using MLV reverse transcriptase.
qPCR was performed in the detection system of SYBR
Green Master Mix (Promega, USA). GAPDH was used as
an internal reference and the results were calculated
using the 2−△△Ct method. The primers used are shown
in Table 1.

2.11 Western blot

RIPA lysis buffer was added to 50mg of renal tissues and
homogenized and then centrifuged at 12,000 rpm for
30min at 4°C; the supernatant was taken as total protein.
Meanwhile, RIPA lysis buffer was added to the podocytes
and then centrifuged at 12,000 rpm for 30min at 4°C; the
supernatant was taken as total protein. The protein con-
centrations were determined using the BCA protein quan-
tification kit (Thermo Fisher). In immunoblotting, 20 µg
of proteins were separated using 10% of SDS-PAGE gels
and transferred to polyvinylidene fluoride (PVDF) mem-
branes. Following the blocking step with 5% of skim milk
for 1 h, the membranes were incubated overnight at 4°C
with the following primary antibodies: p-PI3K (AbcamUK),
PI3K (Abcam UK), p-Akt (Abcam UK), Akt (Abcam UK),
p-mTOR (Abcam UK), and mTOR (Abcam UK). Subsequently,
they were incubated with the corresponding secondary
antibodies for 1 h at room temperature. GAPDH was used
as an internal reference when scanning immunoblot

bands at gray scale. The gray values of the bands were
analyzed using Image LabTM Software.

2.12 Statistical analysis

SPSS 24.0 was used for one-way analysis of variance
(ANOVA) and independent sample t-test. The results
were expressed as mean values ± standard deviation,
and p < 0.05 indicated significant differences.

3 Results

3.1 Effects of baicalin on FBG and weight in
DN rats

The blood glucose of rats in each group was measured by
the blood glucose meter. The results showed that the
level of FBG in the control group was in the normal range,
while that in the DN group and Baicalin treatment groups
were always at high levels. In the DN group, FBG level
was higher than 16.7 mmol/L all the time. In the Baicalin
treatment groups, FBG level showed a downward trend
with the increase in baicalin treatment time. At the 4th
week, compared with the DN group, the FBG of rats was
significantly decreased in the Baicalin treatment groups
(Figure 1a, p < 0.05), and in a concentration-dependent
manner. The FBG in the Baicalin-H group was closest to
that in the control group. At the 0th week, the weight of
rats in the test groups was significantly higher than that
in the control group. Compared with the DN group, the
weights in the Baicalin treatment groups were gradually
decreased (Figure 1b). These results indicated that bai-
calin has an inhibitory effect on blood glucose and weight
in DN rats.

3.2 Effects of baicalin on serum and urine
biochemical indicators in DN rats

The changes in serum and urine biochemical indicator
in DN rats before and after baicalin treatment were
observed. The results of the automatic biochemical ana-
lyzer revealed that compared with the control group, the
levels of SCr, BUN, TC, and TG in the serum in the DN
group were significantly increased (Figure 2a–d, p <
0.05), while the 24 h mALB and ACR in the urine were

Table 1: Primer sequences

RNA Sequences(5′ to 3′)

Nephrin F: 5′-GCATAGCCAGAGGTGGAAATCC
R: 5′-GAACGGTCATCACCAGCACACT

Podocin F: 5′-GTGGAAGCTGAGGCACAAAGAC
R: 5′-CAGCGACTGAAGAGTGTGCAAG

Desmin F: 5′-GCGGCTAAGAACATCTCTGAGG
R: 5′-ATCTCGCAGGTGTAGGACTGGA

GAPDH F: 5′-CATCACTGCCACCCAGAAGACTG
R: 5′-ATGCCAGTGAGCTTCCCGTTCAG
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significantly increased (Figure 2e and f, p < 0.05). Com-
pared with the DN group, the levels of SCr, BUN, TC, and

TG in the Baicalin treatment groups were significantly
decreased (Figure 2a–d, p < 0.05) in a concentration-

Figure 1: Effects of baicalin on FBG and weight in DN rats. The DN rats were administered with 50mg/kg (Baicalin-L), 100mg/kg (Baicalin-M),
and 200 mg/kg (Baicalin-H) baicalin for 4 weeks by gavage. The FBG (a) and weight (b) of the rats in each group are measured weekly.
#p < 0.05 vs control group; *p < 0.05 and **p < 0.01 vs DN group.

Figure 2: Effects of baicalin on serum and urine biochemical indicators in DN rats. The DN rats are administered with 50mg/kg (Baicalin-L),
100mg/kg (Baicalin-M), and 200mg/kg (Baicalin-H) baicalin for 4 weeks by gavage. (a) SCr levels in the serum of rats in each group; (b)
BUN levels in the serum of rats in each group; (c) TC levels in the serum of rats in each group; (d) TG levels in the serum of rats in each group;
(e)mALB levels in the urine of rats in each group; (f) ACR levels in the urine of rats in each group. ##p < 0.01 vs control group; *p < 0.05 and
**p < 0.01 vs DN group.
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dependent manner; the higher the baicalin concentra-
tion, the lower the levels of SCr, BUN, TC, and TG. Mean-
while, compared with the DN group, the 24 h mALB and
ACR in urine in the Baicalin treatment groups were sig-
nificantly decreased (Figure 2e–f, p < 0.05), also in a
concentration-dependent manner.

3.3 Effects of baicalin on serum
inflammatory factors and renal oxidative
stress factors in DN rats

The ELISA results showed (Figure 3a) that the expres-
sions of inflammatory factors TNF-α, IL-1β, and IL-6 in
the serum of rats from the DN group were significantly
increased compared with that from the control group.
Fortunately, baicalin could inhibit the expressions of
TNF-α, IL-1β, and IL-6 in the serum of DN rats. Further-
more, the lower the concentration of baicalin, the lower
the expressions of TNF-α, IL-1β, and IL-6.

Oxidative stress is closely related to DN incidence
[18]. Figure 3b indicated that compared with the control
group, the activities of LDH and MDA in the renal tissue
from the DN group were significantly increased, while the
activity of SOD was significantly decreased. Adding to
that, compared with the DN group, the activities of LDH
and MDA from different concentrations of baicalin group
were markedly decreased, while the activities of SOD
were significantly increased, and all of which were bai-
calin concentration-dependent.

3.4 Effects of baicalin on renal
pathomorphology in DN Rats

The pathological morphological changes in the renal tis-
sues after baicalin treatment in DN rats were examined
using histopathology. The results of HE staining showed
no obvious pathological changes in the renal tissues in
the control group; the glomerular structure was intact,

Figure 3: Effects of baicalin on serum inflammatory factors and renal oxidative stress factors in DN rats. The DN rats are administered with
50mg/kg (Baicalin-L), 100mg/kg (Baicalin-M), and 200mg/kg (Baicalin-H) baicalin for 4 weeks by gavage. (a) the expression of inflam-
matory factors TNF-α, IL-1β, and IL-6 in the serum of rats in each group; (b) the activities of LDH, SOD, and MDA in the renal tissue of rats in
each group; ##p < 0.01 vs Control group; *p < 0.05, **p < 0.01, and ***p < 0.001 vs DN group.
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the renal tubules were arranged neatly and uniform in
size, and there was no inflammatory cell infiltration.
Compared with the control group, the renal tissues in
the DN group were significantly damaged; the glomeruli
were atrophic, the glomerular mesangial matrix was
increased, the renal tubules showed vacuolar degenera-
tion, and a large number of inflammatory cell infiltration
were observed. After baicalin treatment, renal patholo-
gical injury was improved in different degrees, and the
higher the baicalin concentration, the more significant
the improvement (Figure 4a). The results of PAS staining
showed no significant pathological changes in the renal
tissues in the control group; the basement membrane was
intact, and the glomerular vascular loops were thin and
clear. Compared with the control group, the basement
membrane in the DN group was significantly thickened.
After baicalin treatment, the thickening of GBM was
improved, and the higher the baicalin concentration,
the more significant the improvement (Figure 4b). These
results confirmed that baicalin improved renal tissue
injury in DN rats in a concentration-dependent manner.

3.5 Effects of baicalin on the expressions of
podocyte-related molecules and PI3K/
Akt/mTOR signaling pathway in the
renal tissues of rats

To investigate the molecular mechanism by which bai-
calin improved renal tissue injury in DN rats, the expres-
sions of podocyte-related molecules (Nephrin, Podocin,
and Desmin) and PI3K/Akt/mTOR signaling pathway pro-
teins were detected. Compared with the control group,
the mRNA expressions of Nephrin and Podocin were sig-
nificantly decreased, while that of Desmin significantly
increased in the renal tissues in the DN group (Figure 5a,
p < 0.05). Compared with the DN group, the expressions
of Nephrin and Podocin were significantly increased,
while that of Desmin significantly decreased in the renal
tissues in the baicalin treatment groups (Figure 5a, p <
0.05) in a concentration-dependent manner. In terms
of protein, compared with the control group, the expres-
sions of p-PI3K/PI3K, p-Akt/Akt, and p-mTOR/mTOR
were significantly increased in the renal tissues in the

Figure 4: Effects of baicalin on renal pathological morphology in DN rats. The DN rats are administered with 50mg/kg (Baicalin-L),
100mg/kg (Baicalin-M), and 200mg/kg (Baicalin-H) baicalin for 4 weeks by gavage, and their renal tissues are collected. (a) HE staining
images of renal tissues of rats in each group; (b) PAS staining images of renal tissues of rats in each group. ##p < 0.01 vs Control group;
**p < 0.01 vs DN group.
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DN group (Figure 5b, p < 0.05). Compared with the DN
group, the expressions of p-PI3K/PI3K, p-Akt/Akt, and
p-mTOR/mTOR in the baicalin treatment groups were
significantly decreased (Figure 5b, p < 0.05) in a concen-
tration-dependent manner.

The results further confirmed that baicalin amelio-
rates renal injury in DN rats by inhibiting PI3K/Akt/
mTOR. Besides, after the PI3K/Akt signaling pathway was
activated via 740Y-P, the results showed that (Figure 6a
and b) the expressions of Nephrin and Podocin in the renal
tissue of rats from the DN group were inhibited, but the
protein expression of Desmin, like p-PI3K, p-Akt, and
p-mTOR, was promoted. Expressions of these proteins in
rat kidney tissue were reversed upon baicalin treatment. In
short, the results confirmed that baicalin could ameliorate

renal injury by inhibiting the activation of PI3K/Akt/mTOR
signaling pathway in DN rats.

3.6 Effect of baicalin on podocyte injury
induced by HG

In order to further confirm the results of in vitro trails,
primary culture of rat podocytes was carried out and
podocyte models of HG were induced using 30mmol/L
of glucose and then the podocytes were treated with 10%
of serum from the rats in each test group. The results of
Figure 7a–c show that compared with the control group,
the viability of podocytes in the HG group was signifi-
cantly decreased with an increase in the rate of apoptosis.

Figure 5: Effects of baicalin on the expressions of podocyte-related molecules and PI3K/Akt/mTOR signaling pathway in renal tissues of
rats. The DN rats are administered with 50mg/kg (Baicalin-L), 100mg/kg (Baicalin-M), and 200mg/kg (Baicalin-H) baicalin for 4 weeks by
gavage, and their renal tissues are collected. (a) qRT-PCR to detect the mRNA expressions of Nephrin, Podocin, and Desmin in the renal
tissues of rats in each group; (b)Western blot to detect the expressions of p-PI3K, PI3K, p-Akt, Akt, p-mTOR, and mTOR proteins in the renal
tissues of rats in each group.##p < 0.01 vs Control group; *p < 0.05 and **p < 0.01 vs DN group.
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However, the expressions of inflammatory factors such
as TNF-α, IL-1β, and IL-6 were significantly upregu-
lated. Baicalin, on the one hand, could promote the
proliferation of podocytes. On the other hand, it could
inhibit apoptosis and the expression of TNF-α, IL-1β,
and IL-6.

3.7 Effect of baicalin on PI3K/Akt/mTOR
signaling pathway after podocyte injury
induced by HG

Compared with the Control group, the mRNA expressions
of Nephrin and Podocin were significantly decreased,

while that of Desmin significantly increased in the HG
group (Figure 8a, p < 0.05). Compared with the HG group,
the mRNA expressions of Nephrin and Podocin were sig-
nificantly upregulated, while that of Desmin was signifi-
cantly downregulated in the Baicalin treatment groups
(Figure8a,p<0.05) in a concentration-dependentmanner.
In terms of protein, compared with the control group, the
expressions of p-PI3K/PI3K, p-Akt/Akt, and p-mTOR/
mTOR were significantly increased in the HG group
(Figure 8b, p < 0.05). Compared with the HG group, the
expressions of p-PI3K/PI3K, p-Akt/AKT, and p-mTOR/
mTOR proteins were significantly decreased in the
Baicalin treatment groups (Figure 8b, p < 0.05) in a
concentration-dependent manner. These results of trails
in vitro and in vivo were similar.

Figure 6: Baicalin ameliorates renal injury by inhibiting the activation of PI3K/Akt/mTOR signaling pathway in DN rats. 30 SD rats are
randomly divided into 5 groups (6 rats in each group) which are control group, DN group, 740Y-P group (3.5 mg/kg PI3K activator), Baicalin
group (200mg/kg baicalin), Baicalin + 740Y-P group (200mg/kg baicalin + 3.5 mg/kg 740Y-PA), with 4 weeks of gavage. (a) qRT-PCR to
detect the mRNA expressions of Nephrin, Podocin, and Desmin in the kidney tissues of rats in each group; (b) Western blot to detect the
protein expressions of p-PI3K, PI3K, p-Akt, Akt, p-mTOR, and mTOR in the kidney tissues of rats in each group. *p < 0.05 vs DN group;
&p < 0.05 vs Baicalin group; and #p < 0.05 vs DN + 740Y-P group.
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4 Discussion

Current treatments for DN patients include diet control,
exercise enhancement, weight control, and drug therapy.
The first three are known as non-drug therapies, in which
weight control can effectively control diabetes and slow
down the development of DN [19]. In addition, drug
therapy is to control blood glucose in DN patients. Many
studies have shown that blood glucose controlled within
the normal range is the basis for the treatment of DN [20],
while poor blood glucose control induces DN development
as well as other serious microvascular complications [21].
In addition, the control of urinary protein is also the key to
the treatment of DN [22]. In this study, diabetic rat models
with DN were established by high-fat and high-sugar diet
and STZ injection. In the test groups, DN rats had signifi-
cantly increased FBG and weight, significant proteinuria
(upregulation of 24 h mALB and urinary ACR), increased
SCr, BUN, TC, and TG in serum, and significant changes in
podocyte-related molecules (downregulation of Nephrin

and Podocin expressions and upregulation of Desmin
expression). Many studies have pointed out that baicalin
can reduce diabetic kidney injury. Zhang et al. [23] showed
that baicalin significantly inhibited DM-induced fibrosis of
proximal renal tubular epithelial cells. Zheng et al. [24]
demonstrated that baicalin–lysin conjugate ameliorated
renal fibrosis in STZ-induced DN rats. Li et al. revealed
that baicalin could prevent the apoptosis of podocytes
due to HG, thereby delaying the development of DN [25].
In this study, during the treatment of DN rats with bai-
calin, FBG and body weight of rats treated with different
concentrations of baicalin showed a downward trend, and
longer treatment time and higher concentration cause
more significant decrease in FBG and weight in rats. Mean-
while, baicalin significantly inhibited the levels of SCr,
BUN, TC, and TG in the blood and urinary mALB and
ACR. Furthermore, by observing the pathological sections
of the kidneys, it can be seen that baicalin improved GBM
thickening and glomerular atrophy caused by hyper-
glycemia. Baicalin could also significantly upregulate

Figure 7: Effect of baicalin on podocyte injury induced by HG. Primary culture of rat podocytes was carried out and podocyte models of HG
were induced using 30mmol/L of glucose and then the podocytes were treated with 10% of serum from the rats in each test group. (a)MTT
assay for podocyte viability; (b) flow assay for podocyte apoptosis; (c) ELISA for the expression of inflammatory factors TNF-α, IL-1β, and
IL-6. ##p < 0.01 vs control group; *p < 0.05, **p < 0.01, and ***p < 0.001 vs HG group.

Baicalin and diabetic nephropathy  1295



the expressions of Nephrin and Podocin, but downre-
gulate the expression of Desmin. Some studies have
pointed out that upregulation of Nephrin and Podocin
and downregulation of Desmin are beneficial to protect
the morphology, structure, and function of podocytes,
and to inhibit the epithelial-mesenchymal transition of
the podocytes [26]. Therefore, the result indicated that
baicalin maintained the homeostasis of podocyte-related
functional proteins to protect the normal functions of podo-
cytes. All these studies confirmed that baicalin could improve
renal injury in DN rats.

An increasing number of studies have shown that
hyperglycemia induced oxidative stress or inflammatory

factors, leading to podocyte detachment from GBM and
apoptosis, which is the major factor in the early develop-
ment of DN [18]. In this study, we found that the expres-
sions of inflammatory factors, namely, TNF-α, IL-1β, and
IL-6 were all upregulated in the serum of rats in the DN
group. Furthermore, the activities of LDH and MDA were
increased, but the activity of SOD was decreased in the
renal tissue. At the same time, HG-induced podocyte via-
bility was reduced, but apoptotic ability was enhanced,
along with upregulation of TNF-α, IL-1β, and IL-6 expres-
sions. Baicalin, on the other hand, could reverse these
changes. These results confirmed that baicalin could
ameliorate the damage of renal podocytes in DN rats.

Figure 8: In vitro trails to detect effects of baicalin on rat podocytes. Primary culture of rat podocytes is carried out and the podocyte models
of HG are induced using 30mmol/L of glucose and then the podocytes are treated with 10% of serum from the rats in each test group. (a)
qRT-PCR to detect the mRNA levels of Nephrin, Podocin, and Desmin in podocytes of each group; (b)Western blot to detect the expressions
of p-PI3K, PI3K, p-Akt, Akt, p-mTOR, and mTOR proteins in podocytes of each group. ##p < 0.01 vs Control group; *p < 0.05 and **p < 0.01 vs
DN group.
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DM will cause hemodynamic changes, leading to the
abnormal activation of PI3K/Akt/mTOR pathway. This
abnormal activation induces autophagy of podocytes,
thus inhibiting the adhesive ability of podocytes and
resulting in detachment of podocytes from GBM [27].
Many studies have explored new therapeutic ideas for
DN based on the effect mention above. Wu et al. [28]
found that Huangkui capsule alleviated glomerular patho-
logical changes in the early stage of DN by inhibiting the
activity of Akt/mTOR signaling pathway. Huang et al. [29]
revealed that Notoginsenoside R1 could inhibit auto-
phagy and apoptosis of podocytes to reduce glucose-
induced podocyte injury through inhibiting the activity
of the PI3K/Akt/mTOR signaling pathway. Wu et al. [30]
also found that curcumin inhibited the autophagic trans-
formation of podocytes through suppressing the activity
of this signaling pathway, thus reducing the damage
caused by DN to the body. Therefore, it is speculated
that baicalin also has a benign effect on the development
of DN by regulating this signaling pathway. From our
results of Western blot, baicalin significantly inhibited the
expression of p-PI3K/PI3K, p-Akt/Akt, p-mTOR/mTOR in
both in vivo and in vitro experiments. So, we believed
the possibility that baicalin protected podocytes by
downregulating the activity of the PI3K/Akt/mTOR sig-
naling pathway.

5 Conclusion

In summary, baicalin can not only reduce the increase in
FBG, body weight, and biochemical indicator in serum
and urine due to DM, but also slow down the damage
of podocytes caused by hyperglycemia by inhibiting the
activity of PI3K/Akt/mTOR signaling pathway, thereby
delaying the progression of DM-induced DN. The results
of this trial provide effective data for the clinical applica-
tion of baicalin in the treatment of DN.
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