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ABSTRACT

Introduction: Chronic kidney disease (CKD) is characterized by fibroblast activation, myofibroblast formation, and
up-regulation of transforming growth factor-p1 (TGF-$1) that may activate Snail in fibroblast to myofibroblast transi-
tion. Ethanol extract of Yacon leaves is known to have a renoprotective effect on diabetic nephropathy but its effect
in the CKD model is unknown. This experimental study aimed to elucidate the effect of ethanol extract from Yacon
leaves in attenuating renal failure in a CKD mice model. Methods: Male Swiss-Webster mice (3 months, 30-40
grams, n=25) underwent 5/6 subtotal nephrectomy (SN) to induce CKD. The mice were divided into five groups: SN,
SN mice with oral treatment of Yacon leaves ethanol extract with doses 0.735 pg/kg (SN+YK1), 1.47 pg/kg (SN+YK2),
and 2.94 pg/kg (SN+YK3), and a Sham operation (SO) group with aquadest 0.1% supplementation. Mice were eutha-
nized on day 14 after the operation and kidneys were harvested. Paraffin sections were used for histological analysis.
Immunostaining was done for quantifying fibroblasts and myofibroblasts. We performed RT-PCR to measure TGF-B1
and Snail mRNA expressions. Results: The SN group had significantly higher fibroblast number, myofibroblast frac-
tion area, TGF-B1 and Snail mRNA expressions compared to the SO. The fibroblasts number (p<0.001) and myofibro-
blast fraction areas (p<0.001) were significantly lower in Yacon treated-groups compared to the SN group. RT-PCR
analysis showed lower mRNA expressions of TGF-B1 and Snail, but no significant differences were found among the
various Yacon treated-groups. Conclusion: Ethanol extracts of Yacon leaves improved kidney damage in male mice
with 5/6 subtotal nephrectomy model.
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INTRODUCTION

Chronic kidney disease (CKD) is a significant threat
to world health. It is estimated that more than 10% of
the adult global population has CKD (1,2). CKD in the
United States (US) is still a major health problem that
affects many middle-aged and elderly people (3). Based
on data from 2010, the prevalence of CKD in adults was
10.4% of men and 11.8% of women (4). Worldwide, the
number of cases of CKD is growing rapidly, especially in
developing countries such as Indonesia.

The progression of CKD results in loss of renal
function leading to end-stage renal disease (ESRD)

as well as death (5). The main characteristic of CKD
that is considered to be a common endpoint is renal
fibrosis. This characteristic begins with the formation of
myofibroblasts, inflammation, and damage to the renal
epithelial architecture (6,7). Many cells play a role in
renal fibrosis including fibroblasts, tubule epithelial
cells, endothelial cells, vascular smooth muscle cells,
mesangial cells, and podocytes (8,9). Fibroblasts
differentiate to myofibroblasts during kidney fibrosis
(10). Myofibroblasts can be identified by the presence of
a-SMA expression. In normal kidneys, the myofibroblast
with the a-SMA marker are absent in interstitial areas
(10) (10). Furthermore, the expression of myofibroblast
represents early markers of type | and type Il collagen
(11).

Transforming growth factor-p1 (TGF-B1) is a cytokine
that acts as the main mediator of renal fibrosis. The
interaction of TGF-B1 and its molecules called Smads
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contributes to renal fibrosis. The components of Smads,
which are involved in the development of renal fibrosis,
are the proteins: Smad2/Smad3 (11). In addition, TGF-p1
plays an important role in epithelial-mesenchymal (EMT)
transition. The most common biochemical change
associated with EMT is a decline in the E-cadherin
expression that signifies changes in epithelial cells to
mesenchymal. This change can cause epithelial cells to
lose their cells and extracellular matrix. The decrease of
E-cadherin is governed by Snail (12,13).

Snail has three isoforms: Snaill, Snail2, and Snail3.
Snail1 is an E-cadherin receptor that acts as a cell
adhesion molecule and has an important role in the
formation and maintenance of the complex tissue
integrity stimulated through Smad2/Smad3. As a result,
Snail will increase the proliferation of fibroblasts into
myofibroblasts, fibronectin, and accumulation of the
extracellular matrix (14). Some research has shown that
kidney damage in diabetic nephropathy that is mediated
by TGF-B/Smads signals can be prevented using Yacon
leaves extract (15).

Yacon (Smallanthus sonchifolius) is a plant that
originates from the Andean mountains and is known
as the insulin leaf by the herbal community. This plant
consists of roots, stems, leaves, and yellow flowers (16).
The Yacon leaves have active compound ingredients
such as sesquiterpene lactones (STLs), flavonoids, and
phenolic acids. STLs are known for their highly toxic
properties. Flavonoids act as a protective repair agent of
the kidneys and have the activity of inhibition towards the
angiotensin-converting enzyme (ACE) (16). The effects of
Yacon on renal failure by the angiotensin system require
further study. In addition to other phenolic acids, Yacon
leaves are also known to contain compounds such as
protocatechuic acid, gentisic acid, chlorogenic acid,
vanillic acid, caffeic acid, epicatechin, p-Coumaric
acid, ferulic acid, sinapic acid, and quercetin (17).
Chlorogenic acids are known for their anti-oxidant and
anti-inflammatory properties (18).

The applications of ethanol extracts of Yacon leaves
for the treatment of diabetes mellitus and prevention of
cardiovascular disease have been widely studied but
experimental research is still required to further study
the effects of these extracts on chronic renal failure
with the subtotal nephrectomy 5/6 model (19). Based
on these facts, this research aimed to investigate the
effect of Yacon leaves ethanol extracts in preventing
the number of fibroblasts, myofibroblast area fraction,
TGF-B1 and Snail expressions in chronic renal failure
with 5/6 subtotal nephrectomy model.

MATERIALS AND METHODS
Animal Subjects and Subtotal Nephrectomy (SN) model

This study was approved by the Medical and Health
Research Ethics Committee of the Faculty of Medicine,

Public Health and Nursing, Universitas Gadjah Mada
based on the certificate of ethical eligibility with number
KE/FK/262/EC/2018. Male Swiss-Webster mice (n = 25,
3-months old of age, 30-40 grams body weights) were
obtained from the Integrated Research and Testing
Laboratory (LPPT) unit 4, Universitas Gadjah Mada,
Indonesia. Mice were housed in cages owned by the
Department of Anatomy, Faculty of Medicine, Public
Health and Nursing, Universitas Gadjah Mada, with
a light-dark cycle of 12:12 hours. Mice were fed with
standard chow and had access to water ad libitum.
The 5/6 subtotal nephrectomy (SN) procedure was
performed to induce chronic renal failure. Briefly, mice
were anesthetized with an intraperitoneal injection
of sodium pentobarbital (0.1 mg/kg). The right flank
from the posterior abdominal wall was opened. Then,
the kidney uninephrectomy procedure was performed
through ligating the vessels followed by kidney excision.
At the following day, the superior and inferior poles of
contralateral kidney were removed. The Sham Operation
(SO) Procedure was used for control group with an open
procedure without the 5/6 subtotal nephrectomy.

The mice were divided into five groups: SO (Sham-SN
+ aquadest 0.1%), SN (SN + aquadest 0.1%), and three
groups treated with different oral Yacon leaves ethanol
extract administration doses: 0.735 pg/kg (SN+YKT),
1.47 pg/kg (SN+YK2), and 2.94 pg/kg (SN+YK3). The
ethanol extract of Yacon leaves was administered via
oral gavage for 14 days. Then, on the following day,
mice were euthanized.

Yacon Leaves Ethanol Extract

Yacon leaves ethanol extract were obtained from
Wonosobo, Central Java, Indonesia. Later identified
in the Plant Systematic Section, Faculty of Biology,
Universitas Gadjah Mada. Yacon leaves ethanol extract
were macerated in 70% ethanol at Pharmacology and
Therapy Laboratory, Faculty of Medicine, Public Health
and Nursing, Universitas Gadjah Mada. Briefly, we
used 0.5 kg of dry leaves soaked in 3 L of ethanol, then
the leaves were separated, and dried to get the water
extract of dry leaves. The process was repeated for this
study. Then, we also did Thin Layer Chromatography to
evaluate the flavonoid content in the extract. We used
the previously established dose of Yacon extract based
on the previous study in diabetic conditions (15). Then,
we did dose assessment with the conversion factor from
rat to mouse to determine the dose. We performed tests
with three different doses to assess the possibility of
dose-dependent differences in the effects found in this
study.

Kidney harvesting

For euthanasia, mice were anesthetized with injection
of sodium pentobarbital (0.1 mg/kg), then the abdomen
and thorax were opened. Organs were perfused with
Phosphate Buffer Saline (PBS) from the left ventricle. Left
kidney tissue was then harvested, and the anterior part
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was kept in RNA later for RNA extraction. The posterior
part was fixated in Normal Buffer Formalin (NBF) for
24 hours, and used for the paraffin embedded tissue
process.

Immunostaining

Paraffin sections with 4 pum thickness was used for
the following analyses. Immunohistochemical (IHC)
staining was done for PDGFRp antibody (1:200;
Abcam, ab32570) to detect fibroblasts and done for
a-SMA  (1:400; Sigma, A2547) antibody to detect
myofibroblasts. Briefly, after deparaffinized, paraffin
sections were heated in citrate buffer (10 nM Sodium
Citrate, 0.05% Tween20) pH 6, then incubated in 3%
H202 in PBS. Slides were incubated with the primary
antibodies for overnight. At the following days, the slides
were incubated with the secondary antibodies for 1 hour
(Finetest, IHC008), and probed with diaminobenzidine
(DAB) (Finetest, IHC008). Quantification of fibroblasts
and myofibroblasts were done using Image) software
with 15 fields in each sample with 400X magnification.

Reverse Transcriptase PCR Examination

RNA was extracted from kidney tissue using Genezol
(GENEzol™, Cat No. GZR100). cDNA was synthesized
using ReverTra-Ace (TOYOBO Co; Ltd, TRT-101x10).
Reverse transcription-polymerase chain reaction (RT-
PCR) was done to examine the expression of the
following genes: TGF-1 (forward: 5" -TTC CGC TGC
TAC TGC AAG TCA - 3/, reverse 5 — GGG TAG CGA
TCG AGT GTC A - 3’), Snail (forward: 5 — CTG CTT
CGA GCC ATA GAA CTA AAG - 3/, reverse: 5" — GAG
GGG AAC TAT TGC ATA GTC TGT - 3’) and GAPDH
(forward: 5" — TTG CTG TTG AAG TCG CAG GAG -
3’ reverse: 5 — TGT GTC CGT CGT GGA TCT GA -
3’) was used as housekeeping gene. The following
PCR conditions were used: 35 cycles with temperature
initial denaturation 94°C for 2 minutes, denaturation
94°C for 10 seconds, annealing 58°C for 30 seconds
and 72°C for 72 minutes for 1 minute ended with the
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end extension phase with the condition of 72°C for
10 minutes then electrophoresis using 2% of gel red.
Expressions of TGF-$1 and Snail were quantified based
on densitometry analysis of the band with GAPDH for
normalization using ImageJ software.

Statistical Analysis

Data were presented in meanz standard deviation (SD)
and statistical analysis was done using SPSS 22 software
for Windows (IBM Corp., Chicago). Values of p<0.05
were used for measuring significance among the groups
when comparing the average number of fibroblasts,
area fraction of myofibroblast, and levels of TGF-p1
and Snail. The data had normal distribution and were
analyzed by one-way ANOVA test and continued with
Post-hoc test.

RESULTS

Yacon treatment attenuated total fibroblast number
Immunostaining revealed positive staining of PDGFRp
in the interstitial areas on day 14 of SN which indicated
the fibroblast number. SN induced a significant higher
fibroblast number compared with the levels in the SO
group. The histologic picture of the number of renal
fibroblasts in the SN group showed the presence of
brown positive cells in the interstitial areas through
semiquantitative examination on day 14 of SN
indicating the fibroblast cell number. These findings
were associated with lower fibroblast cell number in the
SN+YK1, SN+YK2, and SN+YK3 groups compared with
the SN group (p<0.05) (Fig. 1).

Yacon treatment attenuated myofibroblast area fraction
Immunostaining revealed positive staining of a-SMA in
the interstitial area after 14 days of SN which indicated
myofibroblast formation. SN induced a significantly
higher number of myofibroblast fraction areas compared
with the levels in the SO group. These finding were
associated with lower myofibroblast fraction areas in the

Figure 1: Yacon treatment
attenuated total fibroblast
number. A. Representative
| picture of fibroblast activa-
| tion in each group. Positive
staining revealed fibroblast
expansion in interstitial ar-
eas. B. Quantification of
fibroblast cell number. *
p<0.05 vs SO; # p<0.05 vs
SN SN. Bar = 50pm.

YKI1 YK2
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SN+YKT, SN+YK2, and SN+YK3 groups compared with
the SN group (p<0.05) (Fig. 2).

Yacon treatment downregulated TGF-B1 and Snail
mRNA expressions

SN groups had significantly higher TGF-p1 expression
compared to the SO. This finding showed lower SN
induced TGF-B1 secretion. Meanwhile, the Yacon
leaves ethanol extract affected the regulation of TGF-f1
mRNA expression compared to the SN group. On the
other hand, we found slightly higher expression of Snail
in the SN group compared to the SO. Quantification
resulted in a reduction in TGF-B1 and Snail expressions
in the YK group compared with the SN group (Fig. 3).
These finding were associated with lower TGF-$1 and
Snail mRNA expressions in the SN+YK1, SN+YK2,
and SN+YK3s groups compared with the SN group
(p<0.001). We did not find any significant difference
of TGF-1 mRNA expressions between the YK1, YK2
and YK3 groups. However, we also did not find any
significant difference in Snail mMRNA expressions among
the various Yacon treated-groups.
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DISCUSSION

SN is considered a relevant model for CKD. It is
characterized by fibroblast activation, myofibroblast
formation, and TGF-p1 up-regulation. SN induces
profibrotic growth factors such as TGF-p1, and this
profibrotic ~ signaling inhibition attenuates kidney
fibrosis. Many cells play a role in renal fibrosis such
as fibroblasts, tubule epithelial cells, endothelial cells,
vascular smooth muscle cells, mesangial cells, and
podocytes (8,9). In this study, Yacon leaves ethanol
extract administration reduced interstitial fibrosis.
Fibroblasts differentiate to myofibroblasts during kidney
fibrosis (10). Myofibroblasts can be identified by a-SMA
expression. In normal conditions, myofibroblasts
cannot be found in the kidney interstitial space (10,20).
Increased a-SMA expression represents the early markers
of mesangial damage including fibronectin, type | and
[l collagen (21). Fibronectin serves as a site for the
formation of matrix extension, increased collagen,
and other fibronectin molecules thus increasing the
expression of TGF-B1 (22). Yacon leaves ethanol extract

»<0.003

% - Figure 2: Yacon treatment attenu-

ated myofibroblast area fraction.
*# A. Representative picture of myofi-

broblast formation in each group.
# Positive staining revealed myofi-
broblast expansion in interstitial
areas (red arrow). B. Quantifica-
tion of myofibroblast cell number.
* p<0.05 vs SO; # p<0.05 vs SN.
Bar = 50pm.

<005

Figure 3: Yacon treatment down-
regulated TGF-B1 and Snail mRNA
expression. A. Representative pic-
tures of TGF-f1 and Snail mRNA
expression after SN and Yacon
leaves ethanol extract treatment. B.
Densitometric analysis of TGF-B1
and Snail mRNA expression after
RT-PCR. *p<0.05 VS SO, #p<0.05
VS SN.
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can decrease fibrosis through decreased fibronectin
expression (19).

Yacon leaves ethanol extract have active compound
ingredients such as sesquiterpene lactones (STLs),
flavonoids, and phenolic acids. The beneficial effects
of Yacon leaves ethanol extract are from polyphenol
compounds which act as free radical inhibitors in
lipid peroxidation and cause decreased production
of vasoactive mediators that play a role in increasing
renal dysfunction (23). The Yacon leaves’ content of
phenolic acids have also been known to contain various
compounds, namely the chlorogenic acid with its known
antioxidant and anti-inflammation properties (17,24,25).
The common mechanism of free radical inhibition by
phenolic antioxidants is through redox reactions that
will decrease hydrogen and reactive oxygen levels.
Flavonoid acts as a protector for improvement in the
kidney (26). In addition, Yacon leaves also contain
melampolide compounds. STLs have the activity of
forming nitric oxide (NO) (27). Nitric oxide (NO) may
play a role in inflammatory and vasodilation reactions
(28). However, at excessive levels, NO can play a
direct role in various mechanisms of tissue injury such
as causing endothelial damage with thrombosis and
inactivation of permeability. The nucleotide-binding
oligomerization domain (NOD) mechanism starts from
cellular necrosis and ends with apoptosis (27).

Other studies have also mentioned that Yacon leaves
ethanol extract can decrease the proliferation of
fibroblast cells and myofibroblasts, while decreasing the
apoptotic level in the group that obtained the ethanol
extract of Yacon leaves (29). These results are similar to
other in vitro studies, where the Yacon leaves ethanol
extract could inhibit the production of a-SMA through
inhibition of myofibroblast-fibroblast activity and
inhibit myofibroblast proliferation by inhibiting TGF-p1
expression by reducing the receptor expression of the
reseptoma (15,20). Mechanisms of chronic renal failure
in the 5/6 subtotal nephrectomy model will lead to
inflammation that will make the macrophages present
in the interstitial space of the kidney. Macrophages
then produce cytokines used in tubular apoptosis,
activation and proliferation of fibroblasts. One of
the pro-fibrotic cytokines in action is TGF-pl. TGF-B1
binds to the TGF-B1 receptors in the membrane, then
phosphorylates the Smad2 and Smad3 proteins. Smad2/3
phosphorylation may activate gene transcription,
which results in fibroblasts activation and proliferation
into myofibroblasts to form an extracellular matrix
(30,31). Yacon leaves ethanol extract can inhibit signal
transduction of TGF-p/Smad by inhibiting recruitment of
pSmad3 to the promoter area at the TGF-f gene target in
the diabetic nephropathy model (15).

As a result of continued induction of the CKD the disease
progression causes increased inflammatory responses
and triggers fibrosis progression (12). The central factor

which contributes to fibrosis progression with fibroblast
recruitment, proliferation and activation is Transforming
Growth Factor-f (TGF-p), then lead to formation of
myofibroblast and production of extracellular matrix
(32). Myofibroblast formation occurs through TGF-B1
inducing mesenchymal transition from many cells,
such as endothelial cells and epithelial cells (33). The
most common biochemical changes associated with
EMT are a decrease in expression E-cadherin which
signifies changes in epithelial cells to mesenchymal.
This change can cause epithelial cells to lose their
cells and extracellular matrix (12,13). Some genes
also contribute to this phenotype transformation, such
as Snail which is increased by TGF-B1. Epithelial cells
transition to mesenchymal cells (EMT) is promoted by
snail (12,13,34-36) (12,13, 18). Other condition also
demonstrated role of snail in mesenchymal transition,
such as obstructive nephropathy (37), and tumor
progression (36). The Snail is an E-cadherin receptor that
acts as a cell adhesion molecule and plays an important
role in the formation and maintenance of the complexity
of complex tissues stimulated by Smad2/Smad3. As a
result, Snail will increase the proliferation of fibroblasts
into myofibroblasts, fibronectin, and accumulation of
extracellular matrix. The cytokine that plays a central
role is TGF-B1 which is involved in the activation and
proliferation of fibroblasts. TGF-B1 will enhance the EMT
process through the Smad2/Smad3 receptors with the
change into mesenchymal cells marked by a decrease
in the expression of E-cadherin (21,38). In a model of
kidney fibrosis, Snail expression upregulation occurs in
seven day which represented tubular injury and early
event of fibrogenesis process in this model (39).

This finding is similar to other in vitro studies, in which
the Yacon leaves ethanol extract can decrease fibrosis
by the inhibitory mechanism of TGF-p1 expression by
reducing the expression of its receptor so that it can
inhibit the activity of Snail which is the E-cadherin
receptor gene. When the E-cadherin receptor is inhibited,
the E-cadherin transcription will return to normal (40).
This inhibitory mechanism occurs via a specific Snail
transcription factor that inhibits E-cadherin so that the
EMT mechanism is also inhibited (41). Based on results
of our study, it revealed attenuation of fibrosis associated
with downregulation of TGF-B and snail, thus inducing
reduction of fibroblast activation and myofibroblast
formation.

This study also demonstrated the lower dose of Yacon
extract has more protective effect, although our reference
dose was based on the highest dose from previous study
(15). The difference of subject selection and model
may have some effect in the dose responses, since
mice were used instead of rats in this study. The animal
model was also different. Diabetes Mellitus (DM) with
hyperglycemia was used in the previous study, which is
a model with slow progression to induce kidney injury,
while we used the 5/6 subtotal nephrectomy which
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demonstrated rapid disease progression to induce kidney
injury. Not elucidating the difference in the effect of the
Yacon doses may become another of the limitations of
this study, while cytotoxic analysis of the Yacon extracts
needs to be done by the future research for continuation
of this study.

CONCLUSION

We conclude that the administration of Yacon leaves
ethanol extract ameliorates kidney fibrosis through
reducing fibroblast number, myofibroblast fraction area,
and downregulating the mRNA expressions of TGF-B1
and Snail.
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