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ABSTRACT

Introduction: Kidney ischemic-reperfusion injury (IRI) is the main cause of acute kidney injury (AKI) which leads to
the inflammation epithelial apoptosis and interstitial fibrosis as the chronic consequenses. Centella asiatica (CeA)
has been known to have various pharmacological effects such as, anti-inflammatory, antioxidant, anti-fibrosis, and,
anti-apoptosis. We aimed to elucidate the role of CeA in inhibiting kidney injury and infammatory mediators due to
kidney IRI. Methods: Kidney IRl were performed with bilateral renal pedicles clamping in Swiss background mice (3
months-old, 30-40 grams) for 30 minutes (IR group, n=6), then terminated at day 7 after operation. At the next day,
the mice that have been underwent bilateral kidney IRl were administered per-orally with ethanolic extract of CeA
(210 mg/kg of BW, CeAl group, n=6, and 420 mg/kg of BW, CeA2 group, n=6). The Sham Operation (SO group,
n=6) was used as control. At the day 7 after the surgery, the mice were sacrificed and the kidneys were harvested.
The kidney was used to assess tubular injury, interstitial fibrosis, and macrophage number, and another kidney was
used to assess the mRNA expression of TLR4. Data were quantified using SPSS 22. Results: Kidney IRl produced sig-
nificantly higher tubular injury, interstitial fibrosis and macrophage number (p<0.05) compared to SO with upregu-
lating TLR4 mRNA expression (p<0.05). CeA treatment attenuated the tubular injury, interstitial fibrosis, macrophage
number, and TLR4 mRNA expression which obviously shown in higher-dose of CeA (p<0.05). Conclusion: CeA
ameliorates tubular injury, kidney fibrosis, and inflammatory mediators due to kidney IRI.

Keywords: Centella asiatica, Kidney ischemic-reperfusion injury, Tubular injury, Interstitial fibrosis, Inflammation

Corresponding Author:
Nur Arfian, PhD

Kidney ischemic-reperfusion injury (IRl) causes an
imbalance between oxygen supply and demand which

Email: nur_arfian@ugm.ac.id
Tel: +62-2746492521 / +62-8112640306

INTRODUCTION

Acute Kidney Injury (AKI) is strongly associated with
increased both long term and short-term morbidity
and mortality rate. AKI can increase the risk of Chronic
Kidney Disease (CKD) and End Stage Renal Disease
(ESRD) (1). The progression of AKl to CKD and ESRD
could occur faster in people with history of CKD (2).
Kidney ischemic/reperfusion injury (IRI) is a common
cause of AKI. Kidney transplantation has a high risk
of ischemic/reperfusion injury (3). Acute kidney injury
in developing countries often occurs due to ischemic/
reperfusion injury, as a result of volume depletion due
to severe diarrhea, vomiting, and/or shock (4). Several
studies of AKI in experimental animals have used a
model of kidney ischemic/reperfusion injury (IRI) (5).

leads to the accumulation of metabolic waste that
causes tubular epithelial cell death (6). Tubular damage
and other mechanisms that occur due to hypoxic
conditions cause impairment of kidney function (7). The
pathophysiology of kidney IRl is still not fully known,
but several mechanisms that contribute to ischemia/
reperfusion injury have been formulated (8). Malek and
Nematbaksh mentioned that one of the mechanisms
involved in ischemia/reperfusion injury is inflammation.
Inflammation will aggravate the initial damage to
the kidneys that has occurred due to renal ischemic
conditions (9).

Many components are involved in the inflammatory
response. One of the main components that play
an important role in the inflammatory response is
macrophages (6). The number of macrophages is
increased afterischemic/reperfusion injury. Macrophages
play a role in producing Reactive Oxygen Species
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(ROS) and various inflammatory mediators which then
aggravate ischemic reperfusion injury (10). In addition
to macrophages, the toll-like receptor 4 (TLR4) is also
known to have an important role in the inflammatory
cascade of renal ischemic/reperfusion injury. Toll-like
receptors are pattern recognition receptors to detect
pathogens and material released by the damaged cells.
TLR4 will detect material released from damaged
cells during ischemic/reperfusion injury, and trigger
activation of the innate immune response which has
an important contribution in the inflammatory cascade
of ischemic/reperfusion injury. The study revealed
that TLR4 inhibition has a protective effect on kidney
ischemic/reperfusion injury (11).

The treatment with herbal plants is widely developed
and is believed to be an alternative therapy for various
diseases. There have been many studies on herbal
substances that are beneficial in kidney healing, one of
which is Centella asiatica (CeA). This plant is a tropical
medicinal plant that thrives in Southeast Asian countries,
including Indonesia (12). CeAhas been widely consumed
both as spices, vegetables, and has been processed into
drinks since centuries ago. In Malaysia and Indonesia,
this plant is known as the gotu kola (13). The main
components of Centella asiatica are saponin (glycoside),
namely asiatic acid, madecasic acid, terminolic acid,
and triterpenes glycoside ester derivatives (asiaticosides,
A asiaticoside, B asiaticoside, and madecassoside) (14).

CeA belongs to the Apiaceae family. It extract has been
shown to have extensive pharmacological roles, such
as wound healing, scar management, and anticancer
activity (12).  Anti-inflammatory effect of ethanolic
extract of CeA believes inhibit inflammatory process in
kidney disease (15). The asiatic acid component has been
known to have various pharmacological effects such as,
anti-inflammatory, antioxidant, anti-fibrosis (16), anti-
apoptosis, and anti-glycative (17). Madecassoside is
also known to have anti-inflammatory and antioxidant
activity (12). Asiaticoside has been shown to be effective
in enhancing immune responses and has a role in
anti-inflammatory, anti-viral, and accelerating wound
healing (18). Triterpenes in CeA have also been shown
to reduce ischemic/reperfusion-injury in some organs in
animals, including myocardial infarction and cerebral
ischemic reperfusion (19). This study elucidated effect of
CeAextractin kidney IRI, especially in TLR-4 expression.

MATERIALS AND METHODS

Kidney Ischemic/Reperfusion injury (IRI) model

Kidney ischemic-reperfusion injury (IRI) was performed
with bilateral renal pedicles clamping for 30 minutes in
twenty-four male Swiss background mice (3 months old,
30-40 grams) which were obtained from the Experimental
Animal Care Unit (UPHP) LPPT of Universitas Gadjah
Mada. Mice were randomly divided into 4 groups: Sham
operated mice for control (SO group, n=6), mice with

kidney IRI model (IR group, n=6), mice with IR and treated
with 2 doses of ethanolic extract of CeA, which were 210
(CeA1 group, n=6) and 420 (CeA2 group, n=6) mg/Kg
body weight. Kidney IR was performed to induce acute
kidney injury (AKI). Briefly, mice were anesthetized with
sodium pentobarbital (10 mg/kg) intraperitoneally. The
abdomen was opened, renal pedicles were visualized
then clamped with non-traumatic vascular clamp for 30
minutes, then reperfused. Mice were terminated at day7
after kidney IRI procedure.

Mice were housed in a 50x30x15 cm plastic cage
according to their group with maximum 3 mice each
cage. The cage environment was kept under 12:12
hours natural light-dark cycle, 21°C temperature, and
humidity of 40-60%. Mice were fed with standard
chow and water ad libitum. This study was done after
approval from Ethical Committee of Faculty of Medicine,
Universitas Gadjah Mada, based on a statement letter of
ethical expediency (KE/FK/0190/EC/2017).

Centella asiatica ethanolic extract

The Centella asiatica (CeA) leaves were obtained from
Merapi Farma Herbal, Kaliurang, Sleman, Special Region
of Yogyakarta. Then, it was macerated with 70% ethanol
(the absolute ethanol was dissolved in distilled water) in
the Integrated Research and Testing Laboratory (LPPT)
of Universitas Gadjah Mada. The ethanolic extract of
CeA was administered using oral gavage single dose
after the surgery for 7 days. Each mouse received 0.3 mL
of ethanolic extract of CeA. The CeA dose was chosen
according to our previous study (20).

Kidney harvesting

Mice were terminated at day 7 after operation. Mice
were anesthetized with sodium pentobarbital (10 mg/
kg) intraperitoneally and then the abdomen and thorax
were opened to visualize the heart and kidney. Organs
were perfused with 0.9% NaCl from left ventricle using
Perista pump (Atto®; Cat. No. SJ-1211H). The left
kidney was harvested, half was kept in RNA later® for
RNA extraction and the other half was fixated in 4% PFA
in PBS for paraffin making.

Interstitial fibrosis area fraction and tubular injury
quantification

Paraffin  sections with 4pm of thickness was
deparaffinized and stained with sirius red (SR) to quantify
the fraction area of interstitial fibrosis. The image was
captured using the OptilLab software (Olympus; Cat. No.
CX22) in 400x magnification of 15 fields each sample.
The areas were randomly chosen in cortex and medulla.
The interstitial fibrosis area fraction was qualitatively
quantified using Image) software.

The tubular injury scores were determined through
a semiquantitative scoring system. Ten-fields were
examined for each kidney, and the lesions were graded
from 0 to 4 (0, no change; 1, changes affecting <25%
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of the section; 2, changes affecting 25 to 50% of the
section; 3, changes affecting 50 to 75%, and 4, changes
affecting more than 75% of the section), according to
the area with tubulointerstitial lesions (tubular atrophy,
tubular dilatation, loss of brush border intraluminal
casts, interstitial inflammation and fibrosis). The score
index of each mouse was expressed as a mean value of
all scores obtained.

Immunohistochemistry (IHC) staining of CD68

The paraffin sections were cut into 4pum thickness
then deparaffinized and rehydrated. Then, the slides
were heated using for antigen retrieval purposes using
citrate buffer pH 6 (Biogear, BGCB-002) for 15 minutes.
After that, the slides were incubated using background
snipper (Biocare, BS966IL10) followed by primary
antibody of anti-CD68 (1:200 dilution, Abcam, ab955)
incubation for overnight. At the next day, the slides were
incubated with secondary antibody for 1 hour, and DAB
solution with same kit (Biocare, STU700L10). Then, the
slides were captured using OptiLab software (Olympus;
Cat. No. CX22) in 400x magnification of 20 fields each
sample.

Reverse Transcriptase-PCR (RT-PCR)

The RNA from kidney tissue was extracted using Trizol
RNA solution (GENEzolTM; GZR100) and the RNA
concentration was quantified using nanodrop. The
cDNA was synthesized using 5xRT-buffer (Toyobo,
TRT-101), random primer (TAKARA®, 3801), dNTP
(TAKARA®, 4030), ReverTra-Ace (Toyobo®; TRT-101).
Reverse transcriptase-polymerase chain reaction (RT-
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PCR) was carried out to examine the following cDNAs:
TLR4  (F:  5-GGGCCTAAACCCAGTCTGTTTG-3,
R: 5-GCCCGGTAAGGTCCATGCTA-3"); and
GAPDH (F: 5-TGTGTCCGTCGTGGATCTGA-3’, R:
5-TTGCTGTTGAAGTCGCAGGAG-3’). PCR conditions
were 94°C denaturation for 10 s, annealing at 60°C for
30 sec and extension 72°C for 1 min final extension
phase ends with the conditions of 72°C for 10 minutes.

Statistical analysis

Data were analyzed by using one-way ANOVA test for
normally distributed and Kruskal-Wallis for data were
not normally distributed. The values of p<0.05 were
considered statistically significant. Statistical analyses
were accomplished using SPSS Software version 22.0
(SPSS Inc., Chicago).

RESULTS

CeA ameliorated tubular injury and interstitial fibrosis
in kidney IRI

Kidney ischemic-reperfusion injury (IRl) markedly
enhanced an increase of tubular injury and interstitial
fibrosis. We showed day 7 of IR induced a significant
increase of tubular injury (p<0.01, p=0.008) and

interstitial ~ fibrosis (p<0.01, p=0.008). After CeA
treatment, the tubular injury (p<0.01, p=009) and
interstitial injury (p<0.01, p=0.014) were lower

significantly, however, low-dose of ethanolic extract of
CeA more obviously ameliorated tubular injury (p<0.01,
p=016) and interstitial fibrosis (p<0.01, p=0.021) (Figure
1).
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Figure 1: Centella asiatica reduced tubular injury and interstitial fibrosis. A. Representative figures of tubular injury and inter-
stitial fibrosis. B-C. Effect of ethanolic extract of CeA in kidney ischemic/renal injury. The tubular injury was highly profound in
IRl group and decreased after CeA treatment. The percentage of interstitial fibrosis was remarkably expressed IRI group, then it
ameliorated after CeA treatment. Scale bar 100pm. Objective 400X. The data represent average=SD. *=p<0.01 vs SO, **=p<0.05

vs SO, #=p<0.01 vs IR, ##=p<0.05 vs IR.
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CeA inhibited upregulation of TLR4 and CD68 mRNA
expression in kidney IR injury

Then, we showed that kidney IR remarkably increased
the CD68 protein expression (p<0.01, p=0.000) based on
IHC quantification and TLR4 mRNA expression (p<0.05,
p=0.016) compared to the SO group. Administration of
high-dose of CeA (CeA2 group) afforded downregulation
of the CD68 protein expression (p<0.01, p=0.000)
and TLR4 mRNA expression (p<0.05, p=0.014). Low-
dose CeA (CeAl group) more remarkably inhibited the
macrophage accumulation with lower macrophage
number, however there was no significant difference of
TLR4 mRNA expression compared to IR group (Figure
2).
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DISCUSSION

Kidney IRl causes an imbalance between the oxygen
supply and demand, and the accumulation of metabolic
waste that causes tubular epithelial cells to damage, and
then to death (6). The degree of tubular injury is assessed
by the loss of brush borders, epithelial thinning/atrophy,
epithelial dilation, and presence of intraluminal cast.
We showed that the IR group had the highest tubular
injury compared to the SO group. The severity of tubular
injury in the IR group was clearly evident with the loss
of brush borders in the apical proximal tubular epithelial
cells. During the ischemic period, the cytoskeleton
is distorted, causing missed location of adhesion
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Figure 2: Inflammatory mediators were downregulated during CeA treatment. A-B. Representative image and quantification of
total macrophage number in IR group. After CeA treatment, the TLR4 mRNA expression and CD68 protein expression downreg-
ulated. Scale bar 100pm. Objective 400X. The data represent average+SD. *=p<0.01 vs SO, **=p<0.05 vs SO, #=p<0.01 vs IR,

##=p<0.05 vs IR.

molecules (tight junction and adherent junction) and
disturbing the polarity of proteins in basolateral and
apical epithelial cells. These events cause the brush
borders of microvilli dislodged into the lumen (3). The
tubular epithelial cells undergo thinning or atrophy
due to the detachment of the apoptotic tubular cells
from the basement membrane. The living tubular cells
are also detached from the basement membrane, and
migrate to the basement membrane left by the apoptotic
cells and then differentiate. Epithelial thinning causes
leakage from the lumen to the peritubular interstitial,
especially in the increased intraluminal pressure due to
cellular debris so that the tubular lumen appears dilated
(21). The IR group had more intraluminal cast than
the other groups. Intraluminal cast is formed by a high
Na+ concentration so the Tamm-Horsfall monomeric
glycoprotein is converted into a gel-like polymer, then
joins the necrotic tubular cells and microvilli brush
borders (22).

In our study, the group treated with CeA ethanolic
extract (CeAl and CeA2) had lower severity of tubular
injury than the IR group, although higher than the SO
group. Improvement of IRl is indicated by attenuation of
the tubular injury severity (23). According to Devajaran
(2006), the initiation phase (loss of brush border and
damage to the polarity and cytoskeleton of cells)
in ischemic/reperfusion injury will continue to the
extension phase (cell apoptosis, desquamation, lumen
obstruction, and inflammatory response), then the
maintenance phase will occur when there is a balance
between tubular cell death and repair (as a result of the
differentiation of living tubular cells). The administration
of CeA can be expected to accelerate the progression
from the extensive phase to the maintenance phase and
prevent the progression from the initiation phase to the
extension phase. It significantly reduced the severity of
tubular injury in the kidney IRl in mice. Unfortunately,
there have been no studies on the effects of CeA extract
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on kidney IRI, so the renoprotective pathway of CeA is
still unknown. Most existing studies include the effects
of CeA extract on ischemic/reperfusion injury in organs
other than the kidneys, such as the heart and cerebrum.

The CeA group showed low degree of tubular injury
than IR group. It can be explained by the antioxidant
effects of Centella asiatica extract. ROS plays a role
in the pathophysiology of ischemic/reperfusion injury
by causing protein oxidation, lipid peroxidation, DNA
damage, and inducing cell apoptosis (24). In cerebral
ischemic/reperfusion studies, Centella asiatica extract
increases the work efficiency of superoxide dismutase
(SOD) and gluthatione (GSH) as antioxidant (25). Asiatic
acid which is an active substance in Centella asiatica
increases the activity of catalase, SOD, and glutathione
peroxidase (GPx) (26). The pathophysiology of kidney
IRl also involves ROS. The administration of CeA causes
a decrease in ROS so that the inducible nitrite oxide
synthase (iNOS) expression is inhibited, then decreases
NO production through NF-kB (noncanonical pathway)
inactivation (27). The reduction of ROS reduces the
disruption of the cytoskeleton in tubular cells, and
maintains the integrity and viability of tubular cells.
Thus, the group treated with Centella asiatica showed
lower degree of tubular injury than IR group.

A study conducted by Prakash & Kumar (2012) using
a mice model of neurotoxicity induced by aluminium
revealed that the active component of CeA causes
the reduction of Caspase activity thereby reduces
the number of apoptotic cells. This is similar to the
apoptotic mechanism in kidney ischemic/reperfusion
injury through the caspase pathway (7,28).

Kidney IRI leads to abnormal repair of the kidneys which
induces post-ischemic fibrosis (6). The degree of renal
interstitial fibrosis after IRl was measured histologically
by calculating the fibrosis fraction area with Sirius red
staining. This is in accordance with previous studies
which stated an increase in collagen production as a
component of the extracellular matrix after kidney IRI
(6,29).

The main role in producing extracellular matrix is
myofibroblasts. Based on the theory, there are 5
mechanisms regarding the myofibroblast formation:
interstitial fibroblast activation, pericyte differentiation,
phenotypic conversion of tubular epithelial cells
and endothelial cells, and aggregation of circulating
fibrocytes. This activation process of interstitial
fibroblasts and epithelial-mesenchymal transition (EMT)
and endothelial-mesenchymal transition (EndoMT) is
mediated by one of profibrogenic cytokines, TGF-p1
(29).

Our study also showed reduction of macrophage
accumulation with downregulating TLR4 mRNA

expression in CeA2 group. Inflammation is an important
component in the pathogenesis of kidney IRI (8). Toll-
like receptor 4 (TLR4) is a component that induces
innate immune response that causes inflammation in
kidney ischemic/reperfusion injury (30). During acute
kidney injury, TLR4 activation initiates an inflammatory
response characterized by the production of chemokines,
attracting the immune cells, and producing pro-
inflammatory cytokines via the NF-kB pathway. TLR4
expression increases after kidney IRIl. The study stated
that TLR4 expression in tubular epithelial cells increased
on the first day to day 5 after reperfusion (31).

Wau, et al. (2010) found out that an increase in TLR4
expression was triggered by an increase in endogenous
ligands from TLR4, such as high mobility group box
1 (HMGB1) protein and bigcerans. HMGB1 is an
inflammatory mediator in initial phase of kidney IRI
(32). HMGBI is a protein found in nucleus of almost
all eukaryotic cells. HMGB1 works to stabilize the
nucleosomes and acts as a transcription factor. HMGB1
is released passively from damaged/dead cells due
to kidney ischemic conditions. The study found that
HMGBT1 expression rose on the first day to day 5 after
reperfusion. Research revealed that inflammatory
factors HMGBT1 play a role in linking early cell damage
with an inflammatory cascade during kidney ischemic
reperfusion injury. The study also showed that HMGBT
inhibition may reduce the inflammation in kidney
ischemic/reperfusion injury (33). The activation of
TLR4 by HMGBT1 causes the activation of NF-xB.
NF-kB activation further triggers transcription of pro-
inflammatory cytokines such as TNF-a, IL-18, MCP-1,
and IL-6. The cytokines then bind to their receptors
on renal tubular cells. The bond between the ligand
and receptor will cause an inflammatory cascade that
worsen kidney damage. Research shows inhibition of
the HMGB1-TLR4 pathway can reduce kidney damage
due to ischemic/reperfusion injury (32).

The number of macrophages after kidney IRI increased
rapidly and peaked on day 7 and remained high on
day 14 (34). Another study done by Boventre and
Yang (2011) revealed that the number of macrophages
immediately rose at 1 hour after IRI, peaked after 24
hours, and lasted up to 7-14 days (6). Our study showed
significantly increased number of macrophages in
IR compared to SO group. According to the previous
studies which stated that the number of macrophages
increased 7 days after kidney ischemic/reperfusion
injury. Macrophage infiltration into kidney tissue is
mediated by C-C motifs of chemokine receptor 2 (CCR2)
and C-X3-C motifs of chemokine receptor 1 (CX3CR1),
both of which are receptors for different chemokines.
Monocyte chemoattractant protein-1 (MCP-1) is the
main ligand for CCR2, while CX3CR1 is a receptor for
fractalkine ligand. CCR2 and CX3CRT1 are known to play
an important role in the accumulation of macrophages
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to kidney tissue (35).

MCP-1 is the most potent chemoattractant in attracting
monocyte. There was a significant increase in MCP-1
two hours after reperfusion. The study showed that the
increase in MCP-1 was followed by an increase in the
NF-kB transcription factor. Previous research also found
that NF-xB inhibition had an effect on the inhibition of
mRNA MCP-1. This showed that the increase in MCP-1
is mediated by NF-kB. This increase in MCP-1 plays an
important role in increasing macrophage infiltration after
kidney ischemic/reperfusion injury (36). Centella asiatica
has been reported to have anti-inflammatory effects
(37). The main active substances in Centella asiatica
are saponins/triterpenoids, including asiaticosides and
madecasoside. Madecassoside (MA), the main terpenoid
in Centella asiatica, is known to have a protective effect
on ischemic/reperfusion injury to the heart through the
Akt/GSK-3/HIF-1 pathway (38). Centella asiaticahas also
been shown to reduce the expression of TLR2 and TLR4
in striatum of mice given 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) (37). This study was revealed
the effect of Centella asiatica on attenuation of tubular
injury, interstitial fibrosis, and macrophage infiltration
in mice with kidney IRI. Furthermore, in higher dose of
CeA (420 mg/Kg of BW) treatment, we found reduction
of macrophage infiltration and TLR4 mRNA expression.

CONCLUSION

In conlusion, the Centella asiatica has a potent anti-
inflammatory effect which can be used to inhibit
macrophage accumulation and TLR4 mRNA expression
which leading to inhibition of tubular injury and
interstitial fibrosis in kidney IRl model.
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