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ABSTRACT: We previously reported that Hibiscus sabdariffa polyphenol extracts (HPE) are beneficial for diabetic
nephropathy. Since an epithelial to mesenchymal transition (EMT) is critical in renal fibrosis, the present study aimed to
investigate whether HPE could prevent EMT of tubular cells. Treatment of HPE reduced angiotensin II receptors (AT)-1 and
transforming growth factor #1 (TGF-f1) evoked by high glucose and recovered the increased vimentin and decreased E-
cadherin. HPE decreased fibronectin, thus avoiding EMT and accompanying fibrosis. AT-1 was upstream to TGF-f1, while there
were recruitment signals between AT-1 and TGF-f1. Scan electron microscopy (SEM) and immunohistochemistry (IHC)
revealed that the interacting filaments of tubular cells disappeared when treated with high glucose, and type IV collagen of
tubulointerstitial decreased in diabetic kidneys. Treatment of HPE recovered morphological changes of cell junction and
basement membrane. We suggest that HPE has the potential to be an adjuvant for diabetic nephropathy by regulating AT-1/

TGF-f1 and EMT.
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B INTRODUCTION

Diabetes mellitus is 1ncreas1ng worldwide and has a profound
impact on human health." Despite improvements in the
diagnosis and management of diabetes, most diabetic patients
progress to renal dysfunction, with hyperglycemia and
hypertension being the main risk factors. However, many
patients still continue to develop diabetic nephropathy despite
intensive efforts to achieve optimal control of these parameters.
Once renal function begins to deteriorate, there is concern
about the dosage of most antidiabetic drugs since the metabolic
and pharmacological controls become more difficult and
comphcated Hence, new treatment paradigms are needed
urgently.”

Hibiscus sabdariffa, whose calyces are used as a daily drink in
North Africa and Middle and South Asia, was shown to be
bioeffective in many ways.”* At least 18 phenolic compounds
were found in the polyphenol extracts of H. sabdariffa L. calyx
(HPE).> HPE attenuated the high glucose-induced injuries via
regulating connective tissue growth factor (CTGF) and
receptor of advanced glycation end-products (AGEs).® It was
suggested that HPE improved oxidative markers and prevented
renal damage in type 1 diabetic rats.” Using a type 2 diabetic rat
exhibiting insulin resistance,® we recently demonstrated the
effects of HPE on antihyperglycaemia, antlhyperhpldaemla,
weight recovery, and modulation of pathogenic signals.’
Besides, we have successfully shown that HPE has benefit in
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preventing diabetic nephropathy by inhibiting albuminuria and
hyperfiltration and reversing renal fibrosis and the expressions
of angiotensin II receptors (AT).9

Renal fibrosis, characterized by abnormal accumulation of
extracellular matrix (ECM) in glomeruli and tubulointersti-
tium,">"" is a common feature occurring in chronic kidney
disease and diabetic nephropathy.'” Although the expanded
interstitial fibroblasts result in fibrosis,'> emerging evidence
suggests that epithelial to mesenchymal transition (EMT) of
renal tubular epithelial cells plays a critical role in renal fibrosis.
Decreasing E-cadherin and increasing vimentin, tubular
epithelial cells undergo a phenotypic transformation into
matrix-producing fibroblasts.'* It was reported that high
glucose induced EMT and increased the synthesis fibronectin
in rat NRK-52E cells. Treatment of AT-1 antagonist attenuated
high glucose-induced TGF-f1 elevation and ERK1/2 phos-
phorylation thus reduced EMT."

In the present study, we observe the high glucose-induced
EMT of human tubular cells—the molecular alteration, signal
transduction and morphologic changes with electron-micro-
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scopic and immunohistological examinations—and investigate
whether HPE would prevent or relieve the occurrence of EMT.

B MATERIALS AND METHODS

Preparation of HPE. Hibiscus sabdariffa L. calyx was purchased
from Taitung Area Farmer’s association. HPE was prepared as
previously reported, and its chemical composition was analyzed with
liquid chromatography—tandem mass spectrometry (LC—MS/MS).’
At least 18 phenolic compounds were found in HPE, including
hibiscus acid, hibiscus acid 6-methyl ester, gallic acid, 5-hydroxyme-
thylfurfural, protocatechuic acid, S-caffeoyl quinic acid, feruloyl
derivative, chlorogenic acid, 4-caffeoyl quinic acid, caffeic acid, galloyl
ester, feruloyl qunic derivative, kaempferol-3-glucoside, quercetin
derivative, tiliroside, delphinidin-3-sambubioside, cyanidin-3-sambu-
bioside and one unidentified compound (shown in the Supporting
Information).

Cell Culture. HK-2 cells were cultured in keratinocyte serum free
medium (KSFM, Gibco BRL) with S ng/mL epidermal growth factor
and 40 pug/mL bovine pituitary extract. The cells were grown in a
humidified incubator at 37 °C in an atmosphere of 5% CO, and 95%
air. HK-2 cells were inoculated into a 6 cm dish at a density of 5 X 10°
cells for 24 h and then treated with 30 mM of glucose with or without
various concentrations (0.05—S mg/mL) of HPE for 48 h. Cells were
then harvested and processed for Western blot analysis. For testing the
signal cascades, Telmisartan, the angiotensin receptor blocker, was
purchased from Toronto Research Chemicals, Canada. TGF-f1
receptor kinase inhibitor was from Calbiochem, Germany.

Cytotoxicity Assay. HK-2 cells were seeded at a density of 1 X 10°
cells/mL in a 24-well plate and incubated with compounds at various
concentrations for 24 h. Thereafter, the medium was changed and cells
were incubated with 3-(4,5-dimethylthiazol-2-yl)-2, S-diphenyltetrazo-
lium bromide (MTT, 0.5 mg/mL) for 4 h. The viable cell was directly
proportional to the production of formazan. Following dissolution in
isopropanol, the result was read at 563 nm with a spectrophotometer
(Hitachi, U-3210).

Western Blot Analysis. Cells were harvested into lysis buffer
containing SO mM Tris-HCI (pH 6.8), 10% glycerol, 2% SDS, and 5%
mercaptoethanol and then lysed by sonication. Cell lysate was
centrifuged at 4 °C, 10000 rpm for 20 min, and the supernatant was
collected as the protein sample. After quantifying, equal amounts of
protein samples (S0 pg) were subjected to 10% SDS-polyacrylamide
gel electrophoresis and transferred to nitrocellulosemembranes
(Millipore, Bedford, MA). Membranes were blocked with 5% nonfat
milk powder with 0.1% Tween-20 in TBS and then incubated with the
primary antibody at 4 °C overnight against the following targets: AT-1
(1:1000), AT-2 (1:1000), TGF-$1 (1:500), vimentin (1:1000), E-
cadherin (1:500), and fibronectin (1:1000). Antibodies of AT-1 and
AT-2 were from Epitomics, CA. Antibodies of TGF-f1 and vimentin
were from Santa Cruz, CA. Antibodies of fibronectin and E-cadherin
were from Novus biological, USA. Afterward, membranes were washed
three times with 0.1% Tween-20 in TBS and incubated with the
secondary antibody (1:5000) conjugated to horseradish peroxidase
(GE Healthcare, Little Chalfont, Buckinghamshire, UK.). Band
detection was thereafter revealed by enhanced chemiluminescence
using ECL Western blotting detection reagents and exposed in
FUJFILM Las-3000 (Tokyo, Japan). Protein quantitative was
determined by densitometry using FUJFILM-Multi Gauge V2.2
software.

Scan Electron Microscopy (SEM). Cells were inoculated on
coverslips in a 24-well plate at a density of 4 X 10* cells per well. After
various treatments, culture media was removed and samples were
rinsed with PBS. The samples were fixed in 2.5% glutaraldehyde and
2% paraformaldehyde for 30 min, washed with PBS for 10 min, and
then dehydrated with alcohol gradient at 70%, 80%, 90% (1S min for
each conc.), 95% (10 min, twice), and 100% (10 min, three times) in a
critical point dryer (HCP-2, Hitachi Ltd, Tokyo, Japan). After
mounted onto aluminum stubs and sputter coated with gold, samples
were examined using a scanning electron microscope (Hitachi 2400).
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Diabetic Animals. The animal experimental project was approved
by the Animal Model Experimental Ethics Committee of Chung-Shan
Medical University based on the European Community guidelines
(IACUC approval No: 1007). A type 2 diabetic model was carried out
according to our previous publication.” Briefly, male Sprague—Dawley
(SD) rats (weight 250 + 20 g) were divided into several groups (n = 8
for each group), including the control (normal diet), FAT + STZ
(high fat diet and streptozocin injection), FAT + STZ + low HPE
(with 100 mg/kg HPE added), and FAT + STZ + high HPE (with 200
mg/kg HPE added). Safety evaluation revealed that HPE did no harm
to liver, kidney or cardiovascular tissue. After rats were sacrificed, the
kidney chops were added to radioimmunoprecipitation assay (RIPA)
buffer and protein inhibitors and homogenized at 4 °C. The tissue
homogenates were centrifuged (10000X g for 20 min at 4 °C), and the
resulting supernatants (whole-tissue extracts) were used for Western
blot analysis.

Immunohistochemistry (IHC). The kidneys were fixed in 4%
paraformaldehyde, embedded in paraffin, sectioned into 4 pm, and
processed for IHC examination. The primary antibody of type IV
collagen (1:1000) was from Novus biologicals. Immunostain was
completed using the UltraSensitive S—P kit (Maxim Co., streptavidin
peroxidase method).

Statistical Analysis. The statistical software SPSS v.12.0 was used
to analyze the data. One-way ANOVA was performed (p < 0.05),
while Bonferroni’s Multiple Comparison was used for post test.

B RESULTS

HPE Is Nontoxic to HK Cells in the Whole Experiment.
At first, we tried the nontoxic dose range of HPE in HK-2 cells.
Cell viability was not significantly altered by 0.0S mg/mL—1
mg/mL. However, nearly 80% of cells died as the dose reached
5 mg/mL. Hence, 1 mg/mL of HPE was used as the maximum
dose in the whole experiment (Figure 1).
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Figure 1. Cytotoxicity test of HPE. HK-2 cells were incubated for 24 h
with or without different concentrations of HPE. Cell viability was
calculated as percentage compared with the control group. Data are
presented as means + SD (n = 3) and analyzed with ANOVA. **%p <
0.001, compared with the control.

HPE Reduces High Glucose-Induced AT-1. Cells were
cultured under normal or high glucose concentrations. Figure 2
shows that AT-1 was elevated 2.7 fold by 30 mM of glucose.
Treatment of HPE dose-dependently reduced the expression of
AT-1 evoked by high glucose; 0.5 and 1 mg/mL significantly
reduced AT-1 by 76 and 87%, respectively, even below the level
of the control. The expression of AT-2 was also increased by
high glucose and inhibited by HPE. Noticeably, HPE per se did
not alter the AT expressions (Figure 2A).

HPE Reduces High Glucose-Induced TGF-f#1. Com-
pared with the control, high glucose increased the level of TGF-
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Figure 2. Effect of HPE on AT and TGF-f1. HK-2 cells were
incubated for 24 h under normal or high glucose (30 mM) condition
with or without different concentrations of HPE. Cell proteins were
extracted and analyzed with Western blot. (A) AT-1 and AT-2, (B)
TGF-p1. Protein levels were calculated as fold compared with the
control. Data are presented as means + SD (n = 3) and analyzed with
ANOVA. #p < 0.0S, compared with the control. *p < 0.05, **p < 0.01,
compared with the high glucose-treated.

Pl to 1.85 folds, and treatment of HPE dose-dependently
reduced the level of TGF-f1. Especially at the dose of 1 mg/
mL, HPE completely abolished high glucose-stimulated TGF-
P1 elevation (Figure 2B).
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HPE Inhibits High Glucose-Induced EMT. Figure 3A
shows that high glucose increased vimentin to 3 folds and
decreased E-cadherin by half. The expressions of vimentin and
E-cadherin were recovered dose-dependently by HPE,
indicating the effect of HPE on preventing EMT.
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Figure 3. Effect of HPE on vimentin, cadherin, and fibronectin. HK-2
cells were incubated for 24 h under normal or high glucose (30 mM)
condition with or without different concentrations of HPE. Cell
proteins were extracted and analyzed with Western blot. (A) Vimentin
and cadherin, (B) fibronectin. Protein levels were calculated as fold
compared with the control. Data are presented as means + SD (n = 3)
and analyzed with ANOVA. # p < 0.0S, compared with the control. * p
< 0.05, compared with the high glucose-treated.

dx.doi.org/10.1021/jf4020735 | J. Agric. Food Chem. 2013, 61, 7545—7551



Journal of Agricultural and Food Chemistry

B-actin | - - S GEED D SN B-actin |-—-— — —l
TGF-p1 [ S S o e by | AT-1 [ | T |
B-actin[------] B-actin | we— ca— c— a— a— a—
* % *%
! *k f *%k
4 I * 44 [ *%
#H# * #H# XX
31 34
= ]
= S o4
> i) T
c T T T T T [ T | c Ll T Ll Ll L} Ll
| * *
* 2.04 f
T # *
2.54 5 I * 1l
1.5+
2.0
= 1.54 = 107
ﬁ' <
2 104 ’—X—‘ 0.5+
0.5+ 0.0 T T T T T
0.0~ r . T ; TGF-B R1 kinase inhibitor (uM) 05 1 2 -
Telmisartan (uM) 10 30 100 30 mM Glucose . . ) ) |
30 mM Glucose t t f t HPE 1 mg/ ml

HPE 1 mg/ mi

Figure 4. Signal cascades of AT-1, TGF-f1 and vimentin. (A) HK-2 cells were incubated for 24 h under high glucose with or without different
concentrations of Telmisartan, (B) HK-2 cells were incubated for 24 h under high glucose with or without different concentrations of TGF-# R1
kinase inhibitor. Cell proteins were extracted and analyzed with Western blot. Protein levels were calculated as fold compared with the control. Data
are presented as means + SD (n = 3) and analyzed with ANOVA. # p < 0.0S, ## p < 0.01, compared with the control. * p < 0.05, ** p < 0.01,

compared with the high glucose-treated.

HPE Inhibits High Glucose-Induced Fibroblast Differ-
entiation. We further observe the expression of fibronectin, a
typical marker of fibroblast. Figure 3B shows that high glucose
increased fibronectin up to 3 folds, and HPE dose-dependently
decreased fibronectin. These results implicate potentials of
HPE to avoid fibroblast generation and the accompanying
fibrosis.

HPE Inhibits the Cascades of AT-1-TGF-#1—Vimentin
Signals. Our pretest results revealed that AT-lantagonist
Telmisartan and TGF-f Rl kinase inhibitor per se did not
affect the changes of EMT (shown in the Supporting
Information). Blocking AT-1 with Telmisartan inhibited the
high glucose-induced elevation of TGF-$1 and vimentin. AT-1
seems to be the upstream of TGF-f1 (Figure 4A). In contrast,
low dose of TGF-f R1 kinase inhibitor did not interfere AT-1
expression. The interference can only be found by 2 yM of the
inhibitor (Figure 4B). Hence, TGF-f1 is the downstream of
AT-1. Compared with AT-1, blocking TGF-£1 more effectively
inhibits vimentin expression, implicating the pivotal role of
TGF-f1 on EMT.

HPE Improves the Junction of Renal Tubular Cells and
Intact of Basement Membrane. Cell—cell junction is an
important feature for endothelial cells. It was shown that cell
interacting filaments were abundant in the control but
disappear under the high glucose treatment. Addition of HPE
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recovered the generation of filaments, thus improving the
junctions among renal tubular cells (Figure 5).

Type IV collagen is the foundation for basement membrane.
Using a type 2 diabetic rat, we demonstrated that type IV
collagen decreased in diabetic kidneys (Figure 6A). Treatment
of low HPE is sufficient to recover the expression, and high
HPE even significantly increased type IV collagen. The
observation of IHC revealed that the outline of the tubular
region was destructed and expression of type IV collagen was
reduced (Figure 6B). Besides, as our recent publication
indicated, vacuole fusions and lipid accumulation were found
in the diabetic tubular region. Treatment of HPE restored the
tubular structure and completeness of the basement membrane.

B DISCUSSION

In the present study, we use the concentration 30 mM to mimic
high glucose status. Clinically the serum glucose level of
diabetic patients ranges from normal (80—100 mg/mL, which
is equivalent to 4.44—5.55 mM) to extremely high. Some
patients even reach 300—600 mg/mL persistently yet without
symptoms. According to the literature, 30 mM could be
expected to induce cellular changes at the indicated time. We
demonstrated that high glucose induces EMT of human tubular
cells, thus promoting the fibroblast generation via up-regulating
AT-1 and downstream TGF-f1. HPE inhibited the expressions
of AT-1, TGF-f1, and vimentin, while it recovered E-cadherin
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(A)

©)

Figure S. Effect of HPE on cell interacting filament. Cells under
different treatment were examined by SEM (40000x). (A) Control,
(B) high glucose-treated, (C) high glucose with 1 mg/mL of HPE.

loss induced by high glucose. The observation of SEM showed
that HPE prevents the filament loss and restores cell junctions
in renal tubular cells. Histological finding discovered that HPE
restored the tubular outline and type IV collagen expression in
diabetic kidneys.

EMT is an important process for embryonic development.
Moreover, it occurs under pathological conditions, including
cancer cell invasion and renal fibrosis.'”*®* EMT involves a loss
of epithelial cell adhesion, disrupted basement membrane, and
enhanced cell migration and invasion."” In addition to
measurement of protein markers, we performed the morpho-
logic observation to identify EMT. Analysis of SEM and IHC
proved that high glucose induced typical features of EMT, while
HPE prevented the alteration. In a model of chronic kidney
disease, destruction of basement membrane was observed in
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moderate and severe tubulointerstitial damage.18 In diabetes,
transitioned tubular epithelial cells are associated with
interstitial fibrosis and renal dysfunction.”® Our previous report
demonstrated the effect of HPE on inhibiting renal fibrosis of
type 2 diabetic rats,” which should partly attribute to the
improvement of EMT.

Hypertension is a critical risk factor for kidney disease.
Coexistence of hypertension and diabetes increases the
morbidity of renal damage. Nevertheless, in addition to
elevating blood pressure, angiotensin II adversely affects renal
perfusion and increases oxidative stress through its proliferative,
inflammatory and thrombotic effects, thus promoting the
progression of kidney disease.”’ Angiotensin II enhanced
mitogenesis and type I collagen production of NRK-49F
cells,”” whereas AT-1 blockers reduced oxidative stress and
inflammation in diabetic patients and attenuated early diabetic
nephropathy by improving microalbuminuria and related
pathogenic markers.>" In hypertensive type 2 diabetic patients
with elevated albumin excretion, losartan reduced TGF-f
urinary excretion, suggesting the protective effect of angiotensin
receptor blockade may include a reduction in renal TGF-$
production.”® Local renin-angiotensin system mediates high
glucose-induced EMT by stimulating AT-1 and the down-
stream TGF-f and then increasing extracellular matrix secretion
and renal interstitial fibrosis.'> The present study showed that
HPE improved EMT by regulating AT-1 and the inflammatory
cytokine TGF-f1. However, apart from the previous reports,
there existed recruitments between AT-1 and TGF-f1.
Blockade of TGF-p1 still attenuated the upstream AT-1
(Figure 4). In this experiment, we also found the similar
performance of AT-2. As reported, AT-2 could accompany but
counteract AT-1, thus regulating the blood pressure.”* Whether
HPE can directly influence blood pressure needs further
investigation.

Many phenolics identified in HPE were reported to be
antidiabetic. Caffeic acid promoted glycolysis and inhibited
gluconeogenesis in insulin-resistant hepatocytes. Caffeic acid
increased glycogen synthase but inhibited glycogen synthase
kinase, hepatic nuclear factor-4 and phosphoenol-pyruvate
carboxykinase.*® Caffeic acid protected the kidney from diabetic
injuries, reducing blood glucose, blood urine nitrogen (BUN)
and urine output, and improved clearance of creatinine (CCr).
Caffeic acid decreased plasma glycated hemoglobin (HbAlc),
urinary glycated albumin, renal AGEs, and renal levels of
interleukin (IL)-6, IL-1beta, tumor necrosis factor (TNF)-alpha
and MCP-1.>® Treatment of protocatechuic acid also reduced
plasma HbAlc, urinary glycative albumin, renal AGEs and
receptor of AGE (RAGE).”” Quercetin attenuated fasting and
postprandial hyperglycaemia, and reduced plasma HbAlc.*®
Chlorogenic acid lowered fasting plasma §lucose, TBARS and
lipid hydroperoxides in diabetic rats.”” Gallic acid was
antihyperglycaemic by decreasing hepatic hexokinase and
increasing glucose-6-phosphatase and fructose-1,6-bisphospha-
tase. It reduced oxidative stress by inhibiting superoxide
dismutase, catalase and glutathione peroxidase.” Gallic acid
stimulated insulin secretagogue by regenerating pancreas f-
islets, thus increasing plasma insulin and glucose tolerance.™!
Galloyl ester decreased oxidative stress and AGEs and
improved hepatic and renal function in type 2 diabetic db/db
mice, as well as down-regulating sterol regulatory element-
binding protein-1.*> Tiliroside derivative also possessed the
antidiabetic ability.*® All the above revealed that HPE and its
compositions have benefits to prevent diabetic damage. In the
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Figure 6. Effect of HPE on type IV collagen. Kidneys of normal and type 2 diabetic rats with or without HPE treatment were examined by Western
blot and IHC (200x). (A) Protein levels of type IV collagen. ** p < 0.01, compared with the diabetic group. (B) Histological expressions of type IV
collagen (brown staining as arrow-indicated). From left to right are normal, diabetic, and 200 mg/kg of HPE-treated diabetic groups, respectively.

present study, we have tested some of the HPE components. It
is suggested that gallic acid could especially prevent the high-
glucose-induced EMT of renal tubular cells (shown in the
Supporting Information). In addition, cholorogenic acid could
exert similar effect.

HPE potentially can be beneficial to prevent diabetic renal
damages. The action mechanism is suggested by regulating AT-
1/TGF-f1 and EMT of tubular cells.
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