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Abstract: Centella asiatica (CA) is a well-known traditional Chinese herb with a long history of therapeutic uses. In
the present study, we evaluated the effect of CA granula on renal interstitial fibrosis, as well as Smad3 and Smad7
in a TGF-B signaling pathway mediated mechanism. Fifty adult SD male rats were randomly divided into five groups:
sham-operated; unilateral ureteral obstruction (UUO); Monopril; high-dose CA (CA (H)); and low-dose CA (CA (L)).
Blood samples were collected 14 days after oral gavage and the blood urea nitrogen (BUN) and serum creatinine
(Scr) was measured. H&E and Masson straining were utilized to determine the renal tubule interstitial fibrosis.
Smad3 and Smad7 mRNA and protein levels were determined in kidney tissues by immunohistochemistry, real-time
PCR, and Western blot analysis respectively. Compared with the UUO group, the CA treatment significantly inhibited
renal interstitial fibrosis and Smad3 expression, but increased Smad7 expression at both mRNA and protein levels
in a dose-dependent manner. Our research suggests that CA administration could delay renal interstitial fibrosis by
inhibiting Smad3 but promoting Smad7 expression in TGF- pathways, without obvious liver or kidney toxicity.
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Introduction

In recent years, the prevalence of chronic kid-
ney disease (CKD) has significantly increased.
Its characteristics of occult onset may easily
cause a patient to miss the best period for
checking the progress of the disease, which
may lead to progression to end-stage renal dis-
ease (ESRD), resulting irreversible kidney fail-
ure. The latest epidemiological survey data
(2012) showed that the CKD prevalence rate
among China’s adult population was 10.8%.
However, the awareness rate was only found to
be 12.5% [1], which resulted in heavy economic
and psychological burdens to the patients and
their families. Therefore, chronic kidney dis-
ease has currently become an important public
health problem in China. It is particularly urgent
and necessary to explore the mechanism of
this disease, and to investigate effective new
drugs for the prevention and treatment of CDK.

The renal damage due to the pathological fac-
tors, such as injury, inflammation, obstruction,

etc. will induce extracellular matrix (ECM) path-
ological deposition in the kidneys, leading to an
over-proliferation of the positive myofibroblast
of the a-smooth muscle actin (a-SMA), and
finally cause renal tubule interstitial fibrosis
(TIF) [2]. The disruption of renal structures
caused by TIF is a common cause of the pro-
gression of various types of renal disease [3, 4].
Therefore, inhibiting the occurrence and devel-
opment of TIF is an effective method by which
to retard progression of CKD to ESRD. It is
known that, during progression of TIF, its char-
acteristic pathological change is Epithelial-
Mesenchymal Transition (EMT). Transforming
growth factor B1 (TGF-B1) is the key factor
which promotes renal fibrosis, and an activated
TGF-B signaling system will mediate the occur-
rence and progression of EMT [5]. The smooth
muscle actin (Smad) system, as the TGF-§ intra-
cellular signaling molecule, could regulate cell
membrane signal transduction by activated
Smad proteins (Smad2 and Smad3) and the
inhibitory Smad protein (Smad7) [6].
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The chemical composition of Centella asiatica
(L) Urban includes triterpenoid acid, triterpe-
noid saponin, polyyne alkene, volatile oil, etc
[7]. Previous studies have shown that asiatico-
side could inhibit over-proliferation of fibro-
blasts, and decrease the acid puffball polysac-
charide and collagen, as well as reduce collagen
synthesis by inhibiting the activities of the
transpeptidase. Asiaticoside may further effec-
tively control the overgrowth of the stroma and
fibrous components of the connective tissue,
and treat the scleroderma by inhibiting hyper-
plasia of the unordered fibrous connective tis-
sue. It has been shown that the effects of asi-
aticoside are related to the Smad signal
pathway [8, 9]. It was also proven that the
mechanism of asiaticoside’s inhibition of colla-
gen hyperplasia was mainly to inhibit the patho-
logic action of TGF-B1 by increasing expression
of Smad7, thereby effectively inhibiting fibro-
blast proliferation [10].

This study established a unilateral ureteral
obstruction (UUO) rat model, and evaluated the
impact of CA on the expressions of Smad3 and
Smad7 in the TGF-B pathway in rat kidney tis-
sue. The Fosinopril Sodium Tablets (Monopril)
served as the control group for its obvious
inhibiting effects on renal fibrosis. This study
further aimed to provide experimental evidence
on the targets of CA for the treatment of the
renal tubule interstitial fibrosis.

Materials and methods
Animal model

In this study, all of the animal procedures were
conducted in accordance with the Guidelines
for Care and Use of Laboratory Animals, and
were approved by the Animal Care and Use
Committee at the First Affiliated Hospital,
Henan University of Traditional Chinese Me-
dicine. A total of 50 male adult Sprague-Dawley
(SD) rats, with weights of 200 (+20) g, were
supplied by the Vital River Laboratories, Beijing,
China. The rats were randomly divided into five
groups as follows: the sham-operated group;
model group; fosinopril group; high-dose
Centella asiatica group (CA (H)); and low-dose
Centella asiatica group (CA (L)). There were 10
rats allocated to each group. Rats from the sur-
gery group were anesthetized by intraperitone-
al injection using 10% chloral hydrate (0.3
ml/100 g) solution. In the model group, UUO
surgery was performed under general anesthe-
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sia. An incision was made on the left abdomen
to expose the left kidney and ureter, which was
subsequently ligated and cut from the proximal
inferior pole of the left kidney. The sham-oper-
ated group had their ureters exposed and
manipulated without ligation. The intragastric
administration was implemented at a fixed time
each day for 14 days, and the dosages of CA
granula were 5.6 mg/100 g/day, and 16.8
mg/100 g/day for CA (L) and CA (H) group. The
dosages of the fosinopril group (Monopril
group) were 1.67 mg/100 g/day, and equiva-
lent saline solutions were administered to the
sham-operated and model groups.

Biochemical index and histopathological
examination

At 14 days after the intragastric administration,
4 ml blood samples were obtained from abdom-
inal aorta, and rate urea nitrogen and rat creati-
nine test kits (Jingkang Biological Engineering,
Shanghai, China) were used to detect the
serum urea nitrogen (BUN), and serum creati-
nine (Scr). Meanwhile, the left kidneys were
removed, and paraffin embedding was per-
formed after fixing with 4% paraformaldehyde.
The tissue sections were gradient dehydrated
using ethyl alcohol, made transparent with
xylene, and immersed in paraffin for 3 h at
62°C. A 4 um paraffin section was then used
for the H&E and Masson staining. Slides were
examined and pictures taken using a micro-
scopic image acquisition system (BX 41).

Immunohistochemical analysis

The paraffin-embedded renal tissue section
was cut into 4 um slides, deparaffinized and
rehydrated. The slides were incubated with pri-
mary antibodies of the rabbit anti-rat Smad3
and Smad7 (1:100; Bioss, Beijing, China) over-
night at 4°C. The biotinylated goat anti-rabbit
IgG were added for 20 minutes at 37°C. Finally,
the DAB-H202 (Boster Biological Engineering
Co. Ltd., Wuhan, Hubei, China) developing was
performed, hematoxylin staining was applied
for counterstaining, and the slides were cov-
ered for microscopic examination. Ten views of
renal tubular interstitial from each slide were
then randomly recorded under high magnifica-
tion (x400), and Image Pro Plus 6.0 analysis
software was used for the analysis. The yellow
or brown granules in the cytoplasm were
recorded as the positive signal. The average
optical density (OD) of the positive staining and
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Table 1. Primers for quantitative PCR analysis

Product

Name Sequence size (bp)

F: 5’-~AGACACCAGTGCTACCTCCA-3’
Smad3 363
R: 5’-CCAGCGGGGAAGTTAGTGTT-3’

F: 5-GGAGTCCTTTCCTCTCTC-3’
Smad7 130
R: 5-GGCTCAATGAGCATGCTCAC-3’

. F: 5’-CCCATCTATGAGGGTTACGC-3’
B-actin 450
R: 5’-TTTAATGTCACGCACGATTTC-3’

Table 2. Comparison of biochemical indices of
the rats in each group (mean * SD)

Groups n BUN (mmol/L) SCR (umol/L)
Sham 10 5.4400+0.66885 20.0100+0.28102
uuo 8 8.7130+0.92259* 28.3400+0.67278"

Monopril 10 8.4250+0.24042% 31.4000+0.24185%
CA (H) 9 7.6490+0.17390* 30.610010.35570%
CA (L) 10 8.449040.18574* 26.8600+0.10723*

“P<0.05, compared with the sham group; “P>0.05, compared
with the model group.

background after chroma transformation were
calculated.

Fluorescent quantitative PCR

The total RNA of the rats’ renal tissue was
extracted using TRIzol (Life Technologies,
Carlsbad, CA, USA) according to the manufac-
turer’s instructions. The total RNA from each
group was then reverse transcribed to cDNA
using a RevertAid first strand cDNA synthesis
kit (K1622; Thermo Fisher Scientific, Waltham,
MA, USA). PCR was performed using an SYBR
Green PCR Kit (Invitrogen Life Technologies,
USA) in an ABI 7300 Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA). The
primers for quantitative PCR analysis are
detailed in Table 1. The PCR reaction was 50°C
for two minutes; 95°C for 10 minutes; 95°C for
15 seconds; 60°C for one minute, for a total of
40 cycles; 95°C for 15 seconds; and 60°C for
15 seconds. The fluorescence signal was col-
lected in the annealing stage. The fluorescent
quantitative PCR results were expressed by the
Ct value, and a relative quantitative method
(225 was adopted.

Western blot

The supernatant from the renal tissues was
taken after homogenation, and a BCA Protein
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Assay Kit (Solarbio Science and Technology
Co., Ltd., Beijing, China) was used to test the
protein concentration. Equivalent tissue protein
samples were taken and transferred to the
PVDF membrane (Pierce Biotechnology, Ro-
ckford, IL, USA) after 10% SDS-PAGE separa-
tion. TBST containing 5% skim milk powder was
used to block for one hour under room temper-
ature. The samples were then incubated over-
night with the specific Smad3 (1:2000) anti-
body and Smad7 antibody (1:3000; Abcam,
Cambridge, MA, USA), respectively. After the
membranes were washed, they were allowed to
interact for one hour with the second antibody
coupling with horse radish peroxidase (ZSGB-
BIO, Beijing, China) under room temperature.
Following sufficient washing, ECL chemilumi-
nescent liquid A and B were then added onto
the membrane according to a ratio of 1:1. A
Universal Gel Document System (Image Lab)
was used to obtain the images, and to analyze
the optical density of the target bands.

Statistical analysis

In this study, data are presented as mean + SD.
Statistical significance tests were performed
using SPSS software version 18.0. The com-
parison between groups was examined using a
one-way analysis of the variance (ANOVA).
P<0.05 was taken as a statistically significant
difference.

Results

CA had no impact on the biochemical index of
the rat in the UUO model

The results are detailed in Table 2. When com-
pared with the sham-operated group, the BUN
and SCR values of the rats in the UUO model
group had obviously increased (P<0.05), and
there were no obvious changes after the CA
treatment (P>0.05).

CA improved renal morphology in the UUO rats

The results are shown in Figure 1. There were
no histopathological changes in the kidney in
the sham group. In the UUO model group, the
renal tubule lumen expansion and the tubule
walls stiffness and deformation was observed,
accompanied by the tubular basement mem-
branes atrophy, deformations and partial loss.
There was obvious inflammatory cell infiltration
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Figure 1. Treatment of CA improved renal morphology in the UUO rats. CA or
vehicle control was orally administered in sham- or UUO-operated rats start-
ing on the day of the surgery for 14 days. Representative photomicrographs
showed the HE staining of each group.
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Figure 2. Treatment of CA ameliorated renal fibrosis in the UUO rats. CA
or vehicle control was orally administered in sham- or UUO-operated rats
starting on the day of the surgery for 14 days. A. Representative photomi-
crographs show the Masson trichrome staining of each group (400x%). B.
Quantification of fibrotic area in Masson trichrome-stained kidneys. Error
bars represent mean + SD. *P<0.05 compared with sham group; #P<0.05
compared with UUO group.

in the renal interstitium. Fur-
thermore, the renal intersti-
tium was enlarged, and the
extracellular matrix was accu-
mulated. CA treatment signifi-
cantly improved the renal mor-
phology in the UUO rats.

CA inhibited the renal fibrosis
of the UUO rats

The results are shown in
Figure 2. The green collagen
of the sham operated group
was found to be mainly distrib-
uted on the basal membrane
of the renal capsule, tubular
basement membrane, mesan-
gial area, and Bowman’s cap-
sule wall, with less interstitial
expression observed. The gr-
een collagen of the UUO group
was mainly distributed in the
abovementioned areas, and
the renal interstitial was obvi-
ously widened. Also, the green
area in the interstitial was sig-
nificantly increased, indicating
that mass collagenous fibers
had accumulated in the renal
interstitial area, and the de-
gree of fibrosis was obviously
higher than that of the sham
operated group (P<0.05). The
green area of CA treatment
group was found to be obvi-
ously decreased when com-
pared with the model group
(P<0.05), which indicated that
both the CA and Monopril
could inhibit the renal tubule
interstitial fibrosis. Among th-
ese, the CA (H) group, as well
as the Monopril group, had
equivalent degrees of colla-
gen expression (P>0.05).

Impact of CA on the Smad3
and Smad7 expressions in
renal tissues in the UUO rats

The results are shown in
Figure 3. The renal tissues in
the sham operated group
were found to have less Sm-
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Figure 3. Treatment of CA inhibited Smad3 expression and increased Smad7 expression in the renal tissues of the
UUO rats. CA or vehicle control was orally administered in sham- or UUO-operated rats starting on the day of the
surgery for 14 days. A. Representative photomicrographs show the immuno-histochemical results of each group
(400x). B. Quantification of Smad3 and Smad7 expression in each group. Error bars represent mean + SD. *P<0.05
compared with Smad3 in sham group; #P<0.05 compared with Smad3 in UUO group; +P<0.05 compared with
Smad?7 in sham group; &P<0.05 compared with Smad7 in UUO group.

Table 3. Smad3 mRNA and protein expression in each

group (mean * SD)

cal significance between the CA (H)
group and the Monopril control group

(P>0.05).

Groups n Smad3 mRNA Smad3 protein

Sham 10 1.0000004+0.0000000 1.000000+0.0000000
uuo 8 2.789377+0.0613903" 1.914895+0.0321774"
Monopril 10 1.533349+0.0444970% 1.254602+0.0403550*
CA (H) 9 1.592549+0.0335374% 1.333943+0.0123628*
CA (L) 10 2.051284+0.0628026* 1.682663+0.0285100*

Smad7 in the sham-operated group
was mainly expressed in the renal cor-
puscle and epithelial cell of the kidn-
ey tubules and in the model group
Smad7 was observed to be signifi-

“P<0.05, compared with the sham group; #P<0.05, compared with the

model group.

ad3 expression, with only a small amount of
brown positive staining in the kidney tubule and
renal corpuscle. The Smad3 expression of the
model group was obviously increased, and the
renal corpuscle and epithelial cell of the kidney
tubule of the rats showed obvious brown
expression. Compared with the model group,
Smad3 expression in the CA treatment group
was significantly decreased (P<0.05). The
expression of Smad3 in the CA (H) group was
found to be decreased compared with that in
the CA (L) group (P<0.05). There was no statisti-
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cantly decreased. Compared with the
model group, the CA treatment gr-
oup obviously increased the Smad7
expression (P<0.05), and expression
of Smad7 in the CA (H) group was higher
compared with that of the CA (L) group (P<
0.05). The Monopril and CA (H) groups dis-
played equivalent expression (P>0.05).

CA inhibited Smad3 gene and protein expres-
sion in rats with the UUO model

As shown in Table 3 and Figure 4, compared
with the model group, the CA treatment
decreased the Smad3 expressions in both the
mMRNA and protein level in the UUO rat’s kidney
tissues (P<0.05). The expression of Smad3 in

Int J Clin Exp Pathol 2018;11(2):1009-1017



Centella asiatica inhibits renal interstitial fibrosis via the TGF-3 pathway

A Sham UUO Monopril CA (H) CA (L)

Smad3 AR RS R S

Bractin s m——— —

(%}
1

N
He

Relative ex pression of 8mad 3 mRNA and protein
(% of Sham)
n

Hl Smad 3 mRNA
3 Smad 3 protein

Jﬂl |

Smad7 mRNA and protein in
the kidney tissues of the UUO
rats (P<0.05). Expression in
the CA (H) was found to be
increased compared with that
of the CA (L) group (P<0.05),
indicating that the CA treat-
ment could regulate the Sm-
ad7 expression in a dose de-
# pendent manner.

- Discussion

The characteristic manifesta-
tions of renal tubule interstitial
fibrosis (RIF) include: tubular
basement membrane compo-
nents and interstitial ECM ac-
cumulation and the mass pr-

Figure 4. Treatment of CA inhibited Smad3 gene and protein expression in
the renal tissues of the UUO rats. CA or vehicle control was orally adminis-
tered in sham- or UUO-operated rats starting on the day of the surgery for 14
days. A. Smad3 was measured by the Western Blot; B. Quantitative data of
the Smad3 mRNA and protein expression analyzed for each group. The er-
ror bars represent mean + SD. *P<0.05 compared with Smad3 mRNA level
in sham group; #P<0.05 compared with Smad3 mRNA level in UUO group;
+P<0.05 compared with Smad3 protein level in sham group; &P<0.05 com-

pared with Smad3 protein level in UUO group.

Table 4. Smad7 mRNA and protein expression in each group

Sham uLo Monopri CA (H)

cAD opagation of the a-SMA posi-
tive myofibroblast. Myofibro-
blasts are generated by EMT
from renal tubular epithelial
cells, which leads to massive
generation and accumulation
of ECM in the interstitial re-
gion, and the occurrence of
interstitial fibrosis lesions.

EMT is a very complex process
of transformation, and is divid-
ed into three subtypes [11-14]:
type 1, the complex organs

and tissues were developed

(mean x SD)

Groups n Smad7 mRNA Smad7 protein
Sham 10 1.000000+0.0000000 1.000000+0.0000000
uuo 8 0.477183+0.0369971* 0.522132+0.0273262"

Monopril 10  0.759414+0.0333397%  1.207967+0.0389462"
0.92494040.0160862*  1.135367+0.0729589*
CA (L) 10  0.656079+0.0361356*  0.812367+0.0078679"

CA (H) 9

during the gastrula period of
the metazoan embryonic de-
velopment, which was repeat-
edly involves the EMT and MET
processes; type 2, the endo-

“P<0.05, compared with the sham group; *P<0.05, compared with the model

group.

the CA (H) group was found to be decreased
compared with the CA (L) (P<0.05), which indi-
cated a dose dependence effect of CA treat-
ment. There were no significant differences
observed between the CA (H) group and the
Monopril group (P>0.05).

CA increased Smad7 gene and protein expres-
sion of the rats in the UUO model

As shown in Table 4 and Figure 5, when com-

pared with the model group, the CA treatment
was found to promote the expression of the
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thelium or the second epithe-
lium is transformed into tissue
fibroblasts, and participates in
the wound repair and fibrosis
under tissue injuries and inflammation stimula-
tions; and type 3, cancer cells from the epithe-
lium lose polarity, which are transformed into
cancer cells with EMT ability.

In 1995, Strutz et al. showed for the first time
that EMT was involved in the formation of renal
fibrosis [15]. Rastaldi et al. found that there
were different degrees of EMT in all of the path-
ological types, and the number of renal tubular
epithelial cells with EMT characteristics was
found to be closely related to the serum creati-
nine concentration and the degree of renal

Int J Clin Exp Pathol 2018;11(2):1009-1017
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research results have proven
that it has high expression in
the animal model of 5/6 ne-
phrectomy nephropathy, uni-
lateral urethral obstruction
(UUO), diabetic nephropathy
(DN), and so on. In the rodent
model of the DN and UUOQ, the
occurrence and progress of
the renal fibrosis has been
effectively inhibited through

) inhibition of Smad3 expres-
# sion [17]. Smad7 is the inhi-
bitory Smad protein. Many pre-
vious research studies have
proven that Smad7 can be
used as an endogenous TGF-
B antagonist to inhibit the
TGF-B/Smad signal pathway
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Figure 5. Treatment of CA inhibited Smad7 gene and protein expression in
renal tissues of the UUO rats. CA or vehicle control was orally administered
in sham- or UUO-operated rats starting on the day of the surgery for 14 days.
A. Smad7 was measured by the Western Blot; B. Quantitative data of the
Smad7 mRNA and protein expression analyzed for each group. The error
bars represent mean + SD. *P<0.05 compared with Smad7 mRNA level
in sham group; #P<0.05 compared with Smad7 mRNA level in UUO group;
+P<0.05 compared with Smad?7 protein level in sham group; &P<0.05 com-

pared with Smad7 protein level in UUO group.

interstitial damage [16]. Iwano et al. demon-
strated that up to 36% of the renal interstitial
fibroblasts originated from the local EMT of the
kidney tubules. Under normal physiological
conditions, the factors that inhibit and promote
fibrosis reach a steady state. Meanwhile, renal
fibrosis will occur with the onset of homeostatic
imbalances.

Smad proteins play a critical role in the TGF-3
signal pathway, and also mediate signal trans-
duction. The TGF-B signal is transmitted from
the cell membrane to the nucleus, and relies on
Smads family proteins regulation. The different
intracellular regulatory factors in the Smads
signal transduction pathway will have com-
pletely different results under the same TGF-3
stimulation. For example, transcription will be
activated when positive regulatory factors are
dominant. Conversely, when the negative regu-
latory factors are in the dominant position, the
transcription will be inhibited. Smad3 is the
activated Smad protein, and can promote the
formation of kidney fibrosis. The previous
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1
CA[H)

[6]. Smad7 can also compete
with Smad2 or Smad3 to bind
with TGF-BR-I or Smad4, and
thus is able to inhibit phos-
phorylation of Smad2/Smad3,
and transfer to the cell nucle-
us. In addition, Smad7 also
can induce Smad2 to degrade
with the ubiquitin-proteaso-
me of TGF-BR-I, and negative-
ly regulate the TGF-B1/Smad
pathway through the ubiquitin ligase-Smad
ubiquitination regulatory factors (Smufl and
Smurf2) [18]. Inhibition of the TGF-B/Smad sig-
nal pathway may intervene the normal function-
ing of an organism. However, the study results
have only involved cellular and animal experi-
ments, which still remain at a remote distance
from clinical practice.

Ll
CAIL)

Modern research studies have found that asi-
aticoside can inhibit fibroblast proliferation,
and inhibit and alleviate the proliferation of
fibrous connective tissues, as well as promote
the healing of skin wounds. Asiaticoside may
provide antioxidant and anti-proliferation ef-
fects, as well as immune regulation functions
[19, 20]. Pharmacological studies have con-
firmed that CA may potentially inhibit fibroblast
formation, reduce the aggregation of renal
interstitial ECM, inhibit the proliferation of
mesangial cells, and inhibit glomerular sclero-
sis [21]. These findings indicate that CA plays
an important role in the prevention and treat-
ment of renal fibrosis. However, its mechanism

Int J Clin Exp Pathol 2018;11(2):1009-1017
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remains unclear. Previous studies have shown
that [22-25] CA may reduce the expressions of
the connective tissue growth factor (CTGF) and
the monocyte chemoattractant protein-1 (MCP-
1) in the kidney tissues of UUO rates. It has
also been found to inhibit renal tubular epithe-
lial cells transformed into myofibroblasts and
the expression of the bone morphogenetic pro-
tein-7 (BMP-7) secreted by the renal tubular
epithelial cells cultivated in vitro. It can also
regulate the balance of matrix metalloprotein-
ase-2/tissue inhibitors of metalloproteinase-2
(MMP-2/TIMP-2) in renal tubular epithelial cells
cultivated in vitro, further leading to the anti-TIF
effect.

Conclusions

In the present study we investigated the treat-
ment effect of CA granula on the UUO rat
model. The CA was able to inhibit deposition of
lesion kidney collagen fibers and reduce the
degree of fibrosis. In addition, the CA could
inhibit Smad3 protein expression, and promote
Smad7 protein expression, which indicates
that CA is able to delay renal tubule interstitial
fibrosis after UUO by regulating Smad3 and
Smad7 expression. The effects of CA on the
fibrosis were found to be dose dependent, and
were equivalent to those of fosinopril at the
dose of 16.8 mg/100 g/day. This study may
potentially provide a theoretical basis for the
prevention and treatment of chronic kidney dis-
ease with CA granules.
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