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High glucose-induced cytotoxicity plays a critical role in the pathogenesis of diabetic kidney
disease (DKD). The present study aimed to investigate the potential nephroprotective effect of
Sa-khan (Piper, Piperaceae) against high glucose-induced cytotoxicity in a human proximal
tubular epithelial cell line. The cytotoxicity induced by high glucose in HK-2 cells, a human
proximal tubular epithelial cell line, was studied using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. The wound scratch assay was performed to evaluate
the migration capability of HK-2 cells. Treating cells with high glucose significantly reduced the
viability of HK-2 cells (p < 0.001). Sa-khan crude extract (SCE) at concentration of 0.031
mg/mL was found to increase the viability of high glucose-induced HK-2 cells (p = 0.013). In
addition, high glucose significantly increased the migration capability of HK-2 cells (p < 0.001).
Furthermore, SCE at concentrations of 0.016 and 0.031 mg/mL abolished the increased
migration capability of high glucose-induced cells (p < 0.001). This study shows that Sa-khan
crude extract displays a potential protective effect against high glucose-induced proximal tubular

cell injury.
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Introduction

Diabetic kidney disease (DKD) is a progressive microvascular
complication of diabetes mellitus." Epidemiological studies have
shown that diabetes affects more than 425 million people.® According
to the high prevalence of diabetes, the incidence of DKD is rising
rapidly, with approximately 40% of diabetic patients developing
DKD.* High glucose-induced proximal tubular injury plays an
important role in the development and progression of DKD.
Anatomically, the proximal tubule is the part of the nephron that is
directly contiguous with the parietal epithelium of Bowman’s capsule.
The proximal tubule reabsorbs 100% of the glucose filtered by the
glomeruli. In diabetic patients, a high glucose transport status in the
proximal tubular cells may be the initial cause of proximal tubular
injury.? This injury is generally caused by an inability of the cells to
compensate for the increased glucose uptake during hyperglycemia.*
In addition, glucose entry into proximal tubular cells occurs in an
insulin-independent manner, which makes proximal tubular cells
highly sensitive to hyperglycemia, leading to interstitial inflammation
and fibrosis.® The de-differentiation of injured proximal tubular cells
leads to structural changes and functional alterations. De-differentiated
proximal tubular cells may migrate across the basement membrane to
become myofibroblasts, key producers of the extracellular matrix.®
Increasing evidence suggests that consistent de-differentiation of
injured proximal tubule cells may play an important role in
tubulointerstitial fibrosis and DKD progression.” Sa-khan (Piper,
Piperaceae) is usually found in the northeastern and northern parts of
Thailand.® It has been used in traditional medicine as a carminative
and tonic element.’ The previous study indicates that Sa-khan contains
phenolic compounds and shows anti-oxidant properties.™
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However, the beneficial effect of Sa-khan on renal tubular cells in
response to hyperglycemia remains incompletely elucidated. The main
aim of this study was to evaluate the protective effects of Sa-khan
extract against high glucose-induced cytotoxicity in a human proximal
tubular epithelial cell line.

Materials and Methods

Preparation of the plant extract

Stems of Sa-khan were purchased in June 2016 from local markets
(Phayao, Thailand). The plant specimen was identified by a plant
taxonomist and deposited by a curator associated with Queen Sirikit
Botanic Garden Herbarium (QBG number 111859). The plant extract
was prepared as previously described.™ Briefly, 800 g of air-dried Sa-
khan was ground and macerated in 1,000 mL of absolute methanol for
approximately 24 h at room temperature. The mixture was filtered
through Whatman No. 1 filter paper and evaporated using a rotary
evaporator at 55°C. The Sa-khan crude extract (SCE) was weighed and
stored at -20°C.

Cell culture

HK-2 cells, a normal human proximal tubular epithelial cell line, were
purchased from the American Type Culture Collection (Manassas,
VA, USA). The cells were maintained in low glucose Dulbecco's
Modified Eagle’s Medium (Gibco, NY, USA) supplemented with 10%
fetal bovine serum under sterile conditions at 37 °C and 5% CO, with
95% humidity. The cells were treated with 0.05% trypsin-EDTA
(Gibco, NY, USA) for passaging when they reached 70-80%
confluence.

Cytotoxic effect of SCE on HK-2 cells

The MTT assay was performed on HK-2 cells to evaluate the
cytotoxicity induced by SCE. Briefly, HK-2 cells (2 x 10% cells/well)
were seeded into a 96-well plate and allowed to adhere for 48 h at 37
°C. Four concentrations of SCE (0.004, 0.008, 0.016, and 0.031
mg/mL) were prepared by dissolving the SCE in the medium and
incubated with the cells for 24 h. Then, cells were incubated with 0.5
mg/mL MTT at 37 °C for another 3 h. Subsequently, the medium was
removed and dimethyl sulfoxide (DMSO) was added to each well.
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Optical density (OD) was quantified using a microplate reader at 540
nm. The percentage of cell viability was calculated using the formula:
percentage of cell viability = [(X-B)/Y] x 100, where X is the optical
density of cells treated with SCE, B is the optical density of the blank,
and Y is the optical density of cells without the plant extract (control).

Effect of SCE against high glucose-induced cell cytotoxicity

In order to investigate whether SCE can reduce high glucose-induced
cytotoxicity, cells were treated with a high glucose concentration in
the presence and absence of SCE. HK-2 cells were seeded at a density
of 2 x 10% cells/well in a 96-well plate and pre-incubated with 5.5 mM
glucose for 48 h. The cells were then treated with 60 mM glucose
(high glucose; HG) alone or combined with various concentrations of
SCE (0.004, 0.008, 0.016, and 0.031 mg/mL) and further incubated for
24 h, followed by the MTT assay. The cells were treated with 5.5 mM
glucose alone as the low glucose control (LG).

Cell migration analysis

The effect of SCE on the migration capability of HK-2 cells was
assessed using a wound scratch assay. HK-2 cells were seeded into 6-
well plates at a density of 2 x 10* cells/well and cultured in medium
containing 5.5 mM glucose until they formed a near-confluent cell
monolayer. A horizontal wound was generated in the monolayer using
a sterile 200 pL plastic pipette tip. Remnants of cell debridement were
removed by washing three times with pre-warmed phosphate-buffered
saline. Cells were treated with 5.5 mM glucose (LG), 60 mM glucose
(HG), or 60 mM glucose plus different concentrations of SCE (0.016
and 0.031 mg/mL). Images of the horizontal wounds were captured at
0, 12, and 24 h after scratching to calculate cell migration as the
percentage of wound closure as follows: percentage of wound closure
= [(Ao-A)/Ag] x 100, where Ao represents the area of the initial
wound, and A; represents the remaining area of the wound at the point
of measurement.

Statistical analysis

Statistical analyses were carried out using STATA version 14. Data
were expressed as mean + SD. The differences between the groups
were determined using an independent t-test. A two-tailed value of p <
0.05 was considered statistically significant.

Results and Discussion

In Thailand, Sa-khan (Piper, Piperaceae) has been extensively used in
Thai traditional medicine.” The stem of this plant has long been used
as carminative, antiflatulent, and tonic element.® The plant extract has
been demonstrated to exhibit various activities including anti-cancer,™
anti-microbial,* anti-inflammation,"® and anti-oxidant.'® However,
there are few reports on the protective activity of this medicinal plant
in proximal tubular epithelial cell.'® The cytotoxicity of SCE in HK-2
cells was assessed after treatment for 24 h with different
concentrations of SCE. As shown in Figure 1, the viability of HK-2
cells was not affected by treatment with SCE ranging from 0.004 to
0.031 mg/mL. To determine whether high glucose-induced cell
toxicity in HK-2 cells is modulated by treatment with SCE, the cell
viabilities were measured using the MTT assay after 24 h of
incubation. The results revealed that cell viability decreased under
high glucose conditions compared with that in the low glucose control
group (p < 0.001), as shown in Figure 2. However, cell viability was
significantly increased in the high glucose-induced cells treated with
0.031 mg/mL of SCE compared with the high glucose group (p =
0.013). Proximal tubular injury plays an important role in the
development and progression of DKD. Because of their functional and
structural characteristics, the proximal tubular epithelial cells of the
nephron can be easily injured by a variety of potentially damaging
factors that can trigger an oxidative stress, inflammatory, and pro-
fibrotic response.**™ High glucose induced-cytotoxicity is the major
cause of proximal tubular cell injury in diabetic patients. In this study,
the result revealed that SCE significantly ameliorated the loss of cell
viability induced by high glucose. In recent years, increasing evidence
supports that an elevated glucose transport state and local hypoxia in
the proximal tubular epithelial cells of diabetic patients may be

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

important factors in causing proximal tubular epithelial cell injury.'5*

In diabetes, the proximal tubular epithelial cells need a large amount
of ATP as an energy source to reabsorb excess glucose. In addition,
ATP production generates superoxide, which can be converted into
reactive oxygen species (ROS) and lead to proximal tubular epithelial
cell injury.™ Increasing evidence supports that oxidative stress is an
important factor in the damage of proximal tubular epithelial cells by
high glucose. For example, Coughlan et al. demonstrated that the
increasing production level of ROS may exceed the capacity of the
local antioxidants, a biomarker of renal mitochondrial dysfunction in
diabetes.” In addition, Lee et al. noted that high glucose induced
mitochondrial fragmentation in HK-2 cells.”® Moreover, high glucose
increased the level of the apoptotic markers such as Bax,*! and
cleaved-caspase-3.22 Recent research indicates that the SCE contains
phenolic compounds and shows anti-oxidant properties, which may
have protective effects against oxidative stress.” The effect of SCE on
the migration capability of HK-2 cells was assessed using a wound
scratch assay. High glucose increased HK-2 cell migration compared
with the low glucose control group as shown in Figure 3. Wound
closure of high glucose-induced cells was significantly faster than that
of low glucose control group at both 12 h and 24 h after scratching (p
<0.001).
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Figure 1: Viability of HK-2 cells. SCE: Sa-khan crude extract.
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Figure 2: The effect of SCE against high glucose-induced cell
cytotoxicity.

SCE: Sa-khan crude extract. LG: cells with 5.5 mM glucose. HG: cells
with 60 mM glucose. * indicates significantly different from the low
glucose group (p < 0.05), * indicates significantly different from the
high glucose group (p < 0.05).
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Figure 3: The effect of SCE on HK-2 cell migration. SCE: Sa-
khan crude extract. LG: cells with 5.5 mM glucose. HG: cells
with 60 mM glucose. " indicates significantly different from the
high glucose control group (p < 0.001).

SCE treatment significantly abolished the increased migration
capability of high glucose-induced cells (p < 0.001). High glucose
stimulated de-differentiation and epithelial-mesenchymal transition
(EMT) of proximal tubular epithelial cell, playing a critical role in
initiating and progressing renal fibrosis in DKD. EMT is a process by
which epithelial cells lose their cell-cell adhesion and cell polarity.
This process may lead to the gain of migratory and invasive properties
in epithelial cells and transformation to mesenchymal cells. In this
study, we revealed that high glucose increased migration of HK-2
cells. Many studies have indicated that high glucose induces the EMT
process in renal tubular epithelial cells. For example, Zhang et al.
demonstrated that a high concentration (60 mM) of glucose
significantly induced EMT in HK-2 cells.?* In addition, high glucose
increased the expression of the mesenchymal marker o-SMA but
deceased the epithelial marker E-cadherin in HK-2 cells.”® The result
of the present study demonstrated that SCE significantly reduced
migration of high glucose-induced HK-2 cells. Overall data indicated
the potential protective effect of SCE against high glucose-induced
proximal tubular cell injury. This effect could be a new alternative
explanation for the beneficial effects of SCE. However, further
intensive studies are needed to identify the exact mechanism of action
of Sa-khan crude extract.®?’

Conclusion

The present study provided novel evidence that SCE could increase
cell viability and suppress cell migration of high glucose-induced HK-
2 cells. Taking together, these findings demonstrate the potential
protective effect of SCE against high glucose-induced proximal
tubular cell injury.
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