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Abstract: The essential ingredient of Centella asiatic is asiatic acid (AA). There are a lot of biological activities in AA,
such as anti-oxidant, anti-diabetic. However, so far, there have been no reports on the underlying protective mecha-
nism of AA on podocytes. In this research, we observed the morphological changes of podocytes in diabetic rats
by optics microscope and transmission electron microscopy and the protective effect of AA. Additionally, we inves-
tigated the expressions of nephrin, desmin and p-JNK, JNK in podocytes of diabetic rats and the influence of AA on
podocytes and JNK signaling pathway. The results showed that AA could reduce renal function and urinary albumin.
It could attenuate abnormal pathological findings of podocytes in kidney tissue of diabetic rats. Besides, treatment
with AA could significantly improve the expression of nephrin and decrease expression of desmin. The ratio of p-JNK
protein to JNK protein in podocytes was reduced considerably by AA. With the treatment dose of AA increased, the
renal protective effect of AA was gradually improved. These results indicate that asiatic acid has a significant protec-
tive effect on diabetic nephropathy. Potential mechanisms include inhibiting the production of oxidants effectively,
protection of podocytes, and suppression of the JNK signaling pathway activation. Therefore, there is an excellent

prospect of using AA to treat diabetic nephropathy.
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Introduction

All over the world, diabetes mellitus (DM) has
grown up to be a worldwide epidemic disease.
The prevalence of diabetes mellitus will in-
crease substantially from 2010. One of the
most common chronic complications to diabe-
tes is diabetic nephropathy. Nearly half of these
patients with diabetes mellitus will be affected
by diabetic nephropathy.

Podocytes locate on the outside of the glomer-
ular basement membrane. It is one of highly dif-
ferentiated cell in the kidney. Podocytes are the
most critical components in the glomerular fil-
tration barrier [1]. Besides, nephrin is an essen-
tial protein in podocytes of kidney. Nephrin is
not only crucial to the slit membrane structure
of podocytes but also can preserve glomerular
ultrafiltration intact. Nephrin functions as cell
adhesion and signaling, and regulates the
structure and function of podocytes [2]. When

podocytes are damaged, the desmin protein is
also affected as an intermediate vector protein
[3]. Desmin protein is one of the sensitive signs
of rat podocytes injury.

In the MAPK superfamily, the c-Jun amino-ter-
minal kinase (JNK) signaling pathway is one
of the most critical members. It is activated
by a variety of cellular stress pressures as well
as plays an essential role in inflammation, cell
proliferation, cell death and so on [4]. The char-
acteristic feature of most kidney injury patients
is that the JNK signaling pathway is activated. It
is pronounced that similar JNK pathways are
activated in animal models of chronic kidney
injury. Underlining the pathological process of
diabetic nephropathy (DN), oxidative stress
results from the link with the majority of molec-
ular events. In DN, as an increase in reactive
oxygen species (ROS), the imbalance between
pro-oxidant process and anti-oxidant process
always exists [5]. The excessive production of
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ROS can reduce the level of the antioxidant
enzyme.

Asiatic acid (AA) has been used widely in
Chinese medicine [6]. However, the renal pro-
tective effect of AA on diabetic nephropathy
remains unknown. Therefore, the present study
assesses the protective effect of AA on diabet-
ic nephropathy, probes the possible action of
AA on podocytes by regulation of the JNK sig-
naling pathway.

Materials and methods
Animals and management

40 male Sprague-Dawley rats weighing 180-
200 g were purchased from the animal center
of Jiangsu University in China and housed in the
Animal Laboratory of Jiangsu University. Room
temperature and humidity were controlled. All
experimental procedures were following the
National Institutes of Health Guide to Use and
Care of Medical Laboratory Animals. All rat
received compassionate care. The study proto-
col was approved by the Ethics Committee of
Jiangsu University. After overnight fasting, STZ
was injected intraperitoneally to induce the
model of diabetes mellitus at the dose of 65
mg/kg. After seven days, the random blood glu-
cose of rat tail vein was detected. When blood
sugar was more than 16.7 mmol/L, the diabetic
model was considered successful. Diabetic
rats were divided into four groups (n=8 per
group): diabetic group (DM group), low dose AA
treated-diabetic group (AA1l group), medium
dose AA treated-diabetic group (AA2 group)
and high dose AA treated-diabetic group (AA3
group). Eight normal rats were used as control
group (NC group). The rats in the DM and NC
group were given distilled water daily. Rats in
AA treatment groups were given asiatic acid
every day by gavage for eight weeks (10, 20, 40
mg/kg respectively).

Reagents and antibodies

Streptozotocin was purchased from Sigma
Company (St. Louis, USA). Asiatic acid was pro-
cured from PuRuiFa Technology Development
Co. Ltd (Chengdu, China). The rabbit anti-rat
nephrin antibody and rabbit anti-rat desmin
antibody were purchased from Abcam (Cam-
bridge, UK). The rabbit anti-rat p-JNK antibody
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and rabbit anti-rat JNK antibody were purch-
ased from Cell Signaling Technology (Danvers,
USA).

Blood sample collection

The experiment finished after asiatic acid was
given eight weeks. Then we measured the wei-
ght of each rat. After rats were anesthetized
with ketamine (100 mg/kg), blood was collect-
ed from the abdominal aorta. As described
previously [7] the serum was processed for
detection of fasting blood glucose (FBG), blood
urea nitrogen (BUN) and serum creatinine (SCR)
using automatic biochemistry analyzer (Roche,
Switzerland).

Urinary albumin excretion rate (UAER)

Before being sacrificed, rats had collected
urine samples of 24 hours for measurement
of albumin concentration. After centrifugation,
the supernatants were frozen at -80°C refrig-
erator. Urinary albumin concentration was mea-
sured with an ELISA Kit according to the manu-
facturer’s protocol (Jiancheng Company, Jiang-
su, China). As previously described [8], 24 h
UAER was calculated by urinary albumin con-
centration multiplying 24 h urine volumes.

Kidney tissue hematoxylin-eosin staining

All kidneys were removed from rats. Changes
in the weight of kidneys were recorded. After
removal, kidney tissues were excised and fix-
ed in 10% neutral formalin immediately. They
were dehydrated, embedded in paraffin, cut
into 4 um sections and stained with hematoxy-
lin-eosin for histological examination. As previ-
ously described [9], histopathologic evaluation
was performed by two observers blind to the
protocol.

The transmission electron microscopy detec-
tion of kidney tissue

1 mm? of kidney tissue was obtained and im-
mediately prefix in 2.5% glutaraldehyde, then
fixed with 1% osmium tetroxide. Subsequent-
ly, tissues were dehydrated and embedded.
Ultrastructural changes of podocytes were ob-
served under JEM 1010 electron microscope
(JEOL company, Japan), as previously described
[10].

Am J Transl Res 2018;10(11):3733-3741



Protective effect of asiatic acid in diabetic nephropathy

Table 1. RT-gPCR primers’ sequence details

es used to amplify mRNAs were

Gene name Forward primers (3’-5’)

Reverse primer (5’-3")

shown in Table 1.

Nephrin GTCGTAGATTCCCCTTGGGT

GAGAGTCTATGGCCCACCTG

Western blot analysis

Desmin CAACCTTCCTATCCAGACCTTCT GTAGCCTCGCTGACAACCTCTC

B-actin CGTTGACATCCGTAAAGACC

AACAGTCCGCCTAGAAGCAC

The protein concentrations of

Assessment activities of SOD and contents of
MDA

Kidney tissues were rinsed, weighed, and ho-
mogenized for ten minutes. After centrifugation
at 4000 r/min 4 degrees for ten minutes, the
supernatants were collected and used immedi-
ately for detection the activities of SOD and
contents of MDA (Jiancheng Limited Company,
Nanjing, Jiangsu, China).

Immunohistochemistry

Kidney tissues were fixed in 10% neutral forma-
lin, embedded in paraffin, cut into 4 um sec-
tions. As previously described [11], sections
were dewaxed and quenched endogenous per-
oxidase for ten mins using 3% hydrogen perox-
ides. Immunohistochemical staining was per-
formed for nephrin protein using rabbit anti-rat
monoclonal antibody at the dilution of 1:2000
(#ab216341) overnight at 4°C. Immunohisto-
chemical staining was performed for desmin
protein using rabbit anti-rat desmin monoclo-
nal antibody at the dilution of 1:2000 (#ab-
32362) overnight at 4°C. Later, the sections
were incubated with HRP-connected second-
ary antibodies for 30 mins at room tempera-
ture. Then sections were stained with the DAB
kit and counterstained with hematoxylin. Final-
ly, stained images were captured with optics
microscope, and all images were acquired on
the Leica microscope.

Reverse transcription-quantitative PCR (RT-
gPCR)

RNA from the renal cortex was isolated using
Trizol (Thermo Fisher Scientific, USA). RNA was
reverse transcribed using the GoScript Reverse
Transcription kit (Promega Corporation, USA),
according to the suppliers’ protocol. The mRNA
levels were measured by RT-gPCR using SYBR-
green (Takara, Japan) and normalized to house-
keeping gene B-actin as described [12]. Relative
quantification of RNA expression was calculat-
ed via the 2-AACt method. The primer sequenc-
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p-JNK and JNK were quantified
with the Bio-Rad protein colori-
metric assay (Bio-Rad, USA). Kidney samples
were homogenized, boiled and centrifuged. The
protein content was measured by the BCA
assay. Samples were separated by SDS-PAGE,
proteins were transferred from the gel to PVDF
membrane. At room temperature, membranes
were immersed in TBST containing 5% BSA for
one hour. Then membranes were incubated
with primary antibodies at 4°C overnight. The
primary antibodies which targeted p-JNK pro-
tein were at the dilution of 1:1000 (#4668) and
targeted JNK were at the dilution of 1:1000
(#9252). Subsequently, at room temperature,
membranes were incubated with secondary
antibodies for one hour. The target bands of
membranes were exposed to ECL kit. Band
intensity was quantified using Image J software
and normalized to the respective control.
B-actin was used as a loading control at the
dilution of 1:5000.

Statistical analysis

All statistical analyses were performed with
SPSS 20.0. Experiments were performed at
least three times. All data were presented as
mean + standard deviation. Differences in mul-
tiple groups were analyzed by one-way ANOVA
with LSD multiple comparison post hoc. Two-
tailed P<0.05 was considered statistically sig-
nificant. *P<0.05 and **P<0.01 vs. NC group;
#P<0.05 and ##P<0.01 vs. DM group. All fig-
ures were performed using Graph Pad Prism
5.0.

Results
The changes in clinical parameters

In the DM group, body weight was significantly
reduced (P<0.05), however kidney weight, and
fasting blood glucose were significantly in-
creased when compared with the NC group
(P<0.05). Besides, treatment for AA could
attenuate body weight, kidney weight and fast-
ing blood glucose when compared with DM
group. There was no significant difference in
three AA treatment groups (Figure 1A-C).
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Figure 1. The changes in clinical parameters and oxidative stress parameters. A. Asiatic acid treatment amelio-
rated body weight in diabetic nephropathy rats. B. Asiatic acid treatment ameliorated kidney weight in diabetic
nephropathy rats. C. Asiatic acid treatment ameliorated fasting blood glucose. D. Asiatic acid treatment ameliorated
blood urea nitrogen in diabetic nephropathy rats. E. Asiatic acid treatment ameliorated serum creatinine in diabetic
nephropathy rats. F. Asiatic acid treatment ameliorated UAER in diabetic nephropathy rats. G. In DM group, it was
decreased in the activity of SOD. However, AA treatment increased the activity of SOD. H. It was increased in the
activity of MDA in the DM group, AA treatment decreased the content of MDA. *P<0.05 and **P<0.01 vs. NC group;

#P<0.05 and ##P<0.01 vs. DM group.

The changes in blood and urine parameters

When compared with the NC group, the BUN,
SCR, and UAER of DM group were significantly
increased (P<0.05). However, in AA groups, the
BUN, SCR, and UAER were decreased. These
results indicated that AA could attenuate BUN,
SCR, and UAER of diabetic rats (Figure 1D-F).

The changes in renal histopathology

In the NC group, the morphology and structure
of renal tissues were normal. While in renal tis-
sues of diabetic rats, under the optical micro-
scope, glomerular hypertrophy, mesangial cell
proliferation, as well as extracellular matrix
accumulation were observed (magnification,
100x). In AA groups, these abnormal pathologi-
cal findings in kidney tissues were improve-
ment significantly (Figure 2A).

The changes in podocytes under transmission
electron microscopy

Transmission electron microscopy showed that
foot process of podocytes effacement in DM
group compared with NC group (magnification,
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25000x%). However, AA treatment significantly
attenuated the foot process of podocytes
fusion (Figure 2B).

The changes in SOD activities and MDA con-
tents

In kidneys of DM group, the content of MDA was
increased significantly (P<0.05), while it was
decreased in the activity of SOD (P<0.05).
Besides, treatment with AA could reduce the
content of MDA and increase the activity of
SOD. Moreover, as the treatment dose of AA
increased, the activity of SOD in AA groups
showed an increasing trend; however, the con-
tent of MDA in AA groups showed a downward
trend (Figure 1G, 1H).

The changes in the expression of nephrin pro-
tein

Nephrin protein expression was corroborated
by immunohistochemistry. Compared with the
NC group, nephrin protein in kidneys of DM
group showed a significant decline (P<0.01).
However, AA treatment improved the expres-
sion of nephrin protein compared with DM
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Figure 2. The changes in renal histopathology and podocytes under the optical microscope and transmission elec-
tron microscopy. A. The results of renal histopathology under the optical microscope. Hematoxylin-Eosin Staining of
kidney in Control rats, DM rats and three AA treatment groups (Magnifications x100). B. The results of podocytes
under transmission electron microscopy (Magnifications x25000). The foot process of podocytes were effacement
in the DM group. However, AA treatment significantly attenuated the foot process of podocytes fusion.

A B

Figure 3. Representative photomicrographs of kidney sections immunostain for nephrin and desmin protein. A. The
changes in expressions of nephrin protein (Magnifications x100). In the DM group, the nephrin protein showed a sig-
nificant decline. However, AA treatment improved the expression of nephrin protein. B. The changes in expressions
of desmin protein in kidney (Magnifications x100). The desmin protein in DM group showed significant increased.
However, AA treatment decreased the expression of desmin protein.

group. As the treatment dose of AA increased,
the expression of nephrin in AA groups showed
an increasing trend (Figure 3A).

The changes in the expression of desmin pro-
tein

Compared with the NC group, desmin protein in

kidneys of DM group showed a significant
increase (P<0.01). Compared with DM group,

3737

AA treatment decreased the expression of
desmin protein. As the treatment dose of AA
increased, the expression of desmin in AA
groups showed a decreasing trend (Figure 3B).

The changes in the expressions of nephrin and
desmin mRNA levels

Compared with the NC group, nephrin mRNA
level in DM group showed significant decline

Am J Transl Res 2018;10(11):3733-3741
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and the desmin mRNA level in DM group sh-
owed a significant increase (P<0.01). However,
compared with DM group, treatment with AA
improved the nephrin mRNA levels and decre-
ased desmin mRNA levels (P<0.01). Besides,
as the treatment dose of AA increased, the
expression of nephrin in AA groups showed an
increasing trend, but the expression of desmin
showed a decreasing trend (Figure 4).

The changes in the expressions of p-JNK and
JNK protein in renal cortex

Podocytes in NC group expressed a lower level
of p-JNK/JNK. However, podocytes in DM group
and AA group showed a higher level of p-JNK/
JNK (P<0.05). Besides, compared with the DM
group, p-JNK/JNK in AA3 group was significant-
ly decreased (P<0.05). As the treatment dose
of AA increased, p-JNK/JNK in AA groups sh-
owed a decreasing trend (Figure 5). It was dem-
onstrated that the JNK signaling pathway was
involved in the protective effect of AA on dia-
betic nephropathy.

Discussion

The state of chronic oxidative stress which is
caused by long-term hyperglycemia can further
aggravate the diabetic state. Oxidative stress is
thought to be one of the crucial factors in the
pathogenesis of DN. Abnormal metabolism can
result in the overproduction of free radicals
such as hydroxyl and superoxide radicals, which
are known as reactive oxygen species (ROS)
[13]. The accumulation of ROS can lead to oxi-
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Figure 4. The effect of asiatic acid on nephrin and desmin mRNA levels in
diabetic nephropathy rats. A. The changes were in nephrin mRNA expression
in kidney. B. The changes were in desmin mRNA expression. Total RNA was

extracted from a piece of kidney, mRNA levels were determined by RT-gPCR
using B-actin as a housekeeping gene. *P<0.05 and **P<0.01 vs. NC group;

o

one of the most important
secondary products of hydro
peroxides degradation. It is
also a widely used marker
for lipid peroxidation. It has
been raised in erythrocytes
of type 2 diabetic patients.
There are a large number of
enzymatic and non-enzymatic
components in the antioxidant defense sys-
tem. Among them, SOD is the first line of de-
fense against oxidative stress, which contrib-
utes to the development of DN [15]. Besides,
SOD is also widespread in high-oxygen tissues.

The present state of renal dysfunction was
demonstrated for the diabetic rat. Our data
suggested that BUN, SCR, and UAER were sig-
nificantly increased in diabetic rats. At the
same time, there was an apparent pathological
morphological abnormality in the kidney of dia-
betic rat. Above results were consistent with
the previous research results, which stated
that the nephropathy model of the diabetic rat
was successful [16]. Our experimental results
showed that the content of MDA increased
while the activity of SOD decreased in the kid-
ney of diabetic rats. It indicated that the prod-
ucts of oxidative damage increased and the
activity of enzyme in the antioxidant system
decreased. The balance of oxidation - antioxi-
dant system was broken, and the state of oxi-
dative stress in the body was aggravated
significantly.

Podocytes are terminally differentiated special-
ized pericyte-like cells that encase the exterior
basement membranes of glomerular capillary
[17]. The basal side contains several types of
integrins that help podocytes connect to glo-
merular basement membrane. The function of
slit diaphragm as a size barrier is critical to suc-
cessful retention of albumin. It has been estab-
lished that mutations in slit diaphragm proteins
lead to podocytes dysfunction and foot process

Am J Transl Res 2018;10(11):3733-3741
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Figure 5. Immunoblots of p-JNK and JNK protein expressions in diabetic nephropathy rats. A. Western blot assay ex-
amination for p-JNK and JNK proteins expression. B. The ratio in phosphorylated JNK protein to total JNK protein. C.
Statistical analysis for the p-JNK expression. D. Statistical analysis for the JNK expression. *P<0.05 and **P<0.01

vs. NC group; #P<0.05 and ##P<0.01 vs. DM group.

effacement, resulting in defective glomerular
filtration along with the onset of proteinuria
[18]. So podocytes represent a vital cell type of
the glomerulus which plays a significant role in
physiological glomerular filtration function. The
derangement in the pathological state of podo-
cytes leads to proteinuria [19].

Nephrin is one of the essential molecules in
podocytes which can maintain regular slit dia-
phragm structure of podocytes. Not only neph-
rin can interact with other slit diaphragm pro-
tein in podocytes, but also it can mediate a
critical cell signaling pathway to podocytes.
Reduction of nephrin expression is often
observed in adult kidney diseases such as dia-
betic nephropathy and so on [20]. Besides the
important role in scaffolding of slit diaphragms,
nephrin serves as a “signaling node” in slit dia-
phragms. It can transmit extracellular domain
from slit diaphragms to the intracellular actin
cytoskeleton [21]. Desmin is a kind of cytoskel-
eton protein, which can be expressed in small
amounts of the glomerular membrane cells fre-
quently. However, desmin has no apparent
expression in podocytes. When podocytes are
damaged because of a variety of reasons, the
expressions of desmin protein increase signifi-
cantly, and the phenotypic of desmin transfor-
mations occur. The research of Herrmann A
found that [22], in the puromycin aminonucleo-
side nephrosis (PAN) rat model, which was a
model for acute podocytes injury, desmin stain-
ing was enhanced in podocytes. Enhanced des-
min staining in podocytes was also observed in
diabetic nephropathy [23]. On the tensile glo-
merular capillary wall, the up-regulation of des-
min protein may increase the mechanical abili-
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ty of cells, and enable podocytes to undergo
morphological changes [24].

The JNK signaling pathway can be activated by
a lot of stress response, such as oxidative
stress, osmotic stress [25]. In the long-term
hyperglycemia of diabetes, there are too many
ROS in the body so that the JNK signaling path-
way can be activated. The activating JNK sig-
naling pathway can induce the dysfunction,
injury, even apoptosis of podocytes, lead to
the destruction of the integrity of the glomeru-
lar filtration barrier, resulting in the occurrence
of proteinuria. Kim OS et al. [26] found that
hydrogen peroxide can induce a large num-
ber of reactive oxygen species in glomerular
mesangial cells, further activating the JNK sig-
nal pathway and increasing the expression of
caspase-3. Our results suggested that the ratio
of P-JNK protein to JNK protein increased, so
the JNK signaling pathway was activated in dia-
betic nephropathy rats. Further lead to the
expression of nephrin RNA and protein de-
creased, and the expression of desmin RNA
and protein increased. It can result in injury of
podocytes and lead to the occurrence of
proteinuria.

Asiatic acid is a kind of widely used herbal med-
icine in China. There are many biological activi-
ties in AA, such as anti-oxidant [27], anti-dia-
betic [28], lipid-lowering [29], anticancer [30],
liver-protecting [31] and so on. Ramachandran
V [32] also found that, through anti-inflammato-
ry action, regulation of glucose metabolism
enzymes, and anti-fibrotic action in the pancre-
atic islets AA could reduce glucose levels. In
conclusion, we indicate that asiatic acid can
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effectively inhibit the production of oxidation
products and inhibit the JNK signaling pathway
activated. Thus it can further protect podocytes
and delay the progress of diabetic nephropathy.
Asiatic acid has the potential application in the
treatment of diabetic nephropathy.
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