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Abstract
Background: Gynura bicolor is a common vegetable in the Asia and has many physiological effects. We
aimed to investigate the renoprotective effects of G. bicolor alcohol extracts (GBAEs).

Methods: Rat kidney epithelial NRK-52E cell culture and kidney damage induction by tert-butyl
hydroperoxide (t-BHP) were used as experimental models. In this study, the antioxidative and anti-
in�ammatory activities, the levels of apoptosis and apoptosis-related molecules were analyzed in NRK-
52E cells following t-BHP-induced injury.

Results: The results showed the levels of thiobarbituric acid reactive substances (TBARS) and reactive
oxygen species (ROS) decreased by levels by 61-71% and 41-59%, respectively, in NRK-52E cells treated
with 0.5, 1, or 5 mg/ml GBAE combined with t-BHP compared with t-BHP-induced cells (p<0.05). The GSH
levels and GSH-to-GSSG ratio were increased in NRK-52E cells treated with 0.5, 1, and 5 mg/ml GBAE
combined with t-BHP compared to t-BHT-induced cells (p<0.05). The nitrite (NO), prostaglandin E2 (PGE2),
IL-6, and TNF-α levels of NRK-52E cells treated with 0.5, 1, and 5 mg/ml GBAE combined with t-BHP were
decreased compared with t-BHP-induced cells (p<0.05). In addition, Bcl-2 levels were increased after
treatment with 5 mg/ml GBAE combined with t-BHP, and the levels of Bax and poly (ADP-ribose)
polymerase (PARP) and the apoptosis percentage were decreased after treatment with 1 or 5 mg/ml
GBAE combined with t-BHP induction compared to after t-BHP induction alone (p<0.05).

Conclusions: These data showed that 5 mg/ml GBAE can protect against kidney cell damage induced by
t-BHP. The mechanism involves reducing cell damage and apoptosis through decreasing oxidative stress
and in�ammation.

Background
Gynura bicolor (Roxb. and Willd.) DC is usually used as a dietary vegetable in South Asia and the Far
East. The top and bottom of G. bicolor leaves are dark green and purple, respectively. Chen et al. (2012)
reported high contents of sesquiterpene compounds such as beta-caryophyllene, alpha-caryophyllene,
and alpha-copaene in G. bicolor [1]. Our previous studies showed that G. bicolor is rich in plant pigments,
such as chlorophyll, gallic acid, β-carotene, rutin, anthocyanidin, myricetin, and morin [2, 3]. Lu et al.
(2010) showed that there are abundant plant pigments in leaves that provide G. bicolor with its
pigmentation and may have physiological effects [4]. G. bicolor exhibits neuroprotective [5], liver-
protective [6], hypoglycemic [7], antioxidant [8, 9], and anticancer properties [10], promotes iron
bioavailability [3], has anti-in�ammatory effects [2], and improves atherosclerosis and immune regulate
[9, 11]. However, the renoprotective effects of G. bicolor are unclear. Moreover, an acute oral toxicity study
indicated that a methanol extract of G. bicolor has a negligible level of toxicity when administered orally
and is regarded as safe in experimental rats [12]. Additionally, in an in vitro hepatotoxic assessment of
pyrrolizidine alkaloids in G. bicolor, no signi�cant genotoxic toxic effects were detected [13]. G. bicolor is
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a safe dietary vegetable and traditional herb, and investigating the protective effects of G. bicolor on the
kidney could be bene�cial.

The kidneys have a very important role in various basic physiological functions, including blood pressure
control, salt and water homeostasis, acid-base balance, and calcium homeostasis [14]. Once renal
dysfunction occurs, it causes multiple pathologies. A variety of ischemic conditions, oxidative stress,
bacterial infection, sepsis, and toxicity can lead to kidney cell damage and death, which can result in
acute kidney injury (AKI) [15, 16]. In addition to AKI, diabetic complications, hypertension, obesity, and
autoimmunity lead to chronic kidney disease (CKD). Moreover, patients with AKI have a high risk of
developing CKD within 10 to 15 years [17]. Both AKI and CKD can lead to end-stage renal disease (ESRD).
CKD is an increasingly important public health issue in Taiwan and worldwide, with increasing incidence
and prevalence [18]. Oxidative stress often occurs with in�ammation. Oxidative stress and in�ammation
are two important factors involved in kidney cell damage [19]. Increasing antioxidative ability, such as by
increasing reactive oxygen species (ROS) scavenging and glutathione (GSH) levels, and inhibiting
excessive in�ammation, such as by decreasing cytokine release and in�ammatory molecule levels, are
potential ways to prevent and/or treat renal disease. For example, dipyridamole, a clinical kidney therapy
drug for proteinuria, reduces the in�ammatory response [20] and oxidative damage [21] to treat CKD. In
addition, chronic renal failure (CRF) causes kidney cell apoptosis along with kidney �brosis. Oxidative
stress and in�ammation are two major causes of apoptosis induction [22]. ROS production and
in�ammatory molecule release trigger the initiation of apoptosis, leading to cell death and kidney �brosis
[23]. Protecting kidney cells from apoptosis and �brosis is another approach to protect the kidney.

Previous studies showed that aqueous G. bicolor extracts can attenuate H2O2-induced injury in arti�cial
rat neurons (PC-12 cells) by decreasing ROS, IL-1β, IL-6, and TNF-α levels and increasing GSH levels and
GSH peroxidase activity [5]. Ethanol extracts of G. bicolor also protect against UVB-induced photodamage
in human skin keratinocytes (HaCaT cells) by inhibiting apoptosis [24]. Whether G. bicolor can protect the
kidney from damage is unknown.

The aims of this study were to investigate the renoprotective effects of G. bicolor alcohol extracts on rat
kidney epithelial NRK-52E cells induced by tert-butyl hydroperoxide (t-BHP).

Methods
Preparation of G. bicolor alcohol extract (GBAE)

Fresh G. bicolor was purchased from the agricultural production and marketing groups of Yuanshan
Village (Ilan, Taiwan). A voucher specimen of G. bicolor (TCF13549) has been deposited at National
Chung Hsieh University (NCHU, Taichung, Taiwan), and a G. bicolor specimen growing in the Department
of Forestry, NCHU was identi�ed by Yen Hsueh Tseng, Ph.D. GBAE was prepared according to our
previous method with some modi�cations [3]. After removal and cleaning, the leaves of G. bicolor were
blended in cold ethanol (4°C, w/v: 1/3). The cold homogenates were extracted by ultrasonication (40
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KHerz, Delta Ultrasonic Co., Ltd, New Taipei City, Taiwan) for 30 min twice in a 4°C cold room. The
extracts were centrifuged at 250 x g for 10 min at 4°C. The supernatant was concentrated under a rotary
evaporator (water bath at 55°C) (Eyela, Tokyo Rikakikai Co., Tokyo, Japan). Finally, the concentrated
product was dried in a freeze-dryer (Labconco Co., Kansas City, MO, US) at -43°C. The percent yields of
GBAE were 1.1% (w/w). The GBAE was kept at -20°C until use in the study.

Cell culture and treatment

NRK-52E cells, normal rat kidney epithelial cells, were purchased from the Bioresource Collection and
Research Center (Hsinchu, Taiwan). Cells were cultured on 30-mm or 60-mm culture plates with
Dulbecco’s modi�ed Eagle’s medium containing 42 mM L-glutamine, 100 units/mL penicillin, 100 μg/mL
streptomycin, and 10% (v/v) heat-inactivated fetal bovine serum (FBS; Gibco; Thermo Fisher Scienti�c,
Inc., Waltham, MA, USA) in an atmosphere of 5% CO2/95% air at 37°C. To prevent the serum from
interfering with oxidative stress induction, DMEM with the same additives as above, but without serum,
was used as the experimental medium.

NRK-52E cells were plated at a density of 1 x 105 per 30-mm culture dish or 1 x 106 per 60-mm culture
dish and were incubated until 80% con�uence was reached. The cells were treated with 0.5, 1, or 5 μg/mL
GBAE for 24 h and then stimulated with 50 μM t-BHP (Sigma-Aldrich Co., St. Louis, MO, US) for another
24 h. t-BHP was used in this study to induce oxidative stress and in�ammation [25]. The group treated
with 50 μM t-BHP alone served as the induced control group. GBAE was diluted in 95% ethanol, and cells
treated with 95% ethanol alone served as the control group. GBAE treatment (5 µg/mL) without t-BHP
treatment for 48 h was used as another control group.

Cell viability assay

The cell viability of NRK-52E cells was determined following the method described by Denizot and Lang
(1986) [26] to assess an optimum experimental dose of GBAE in this study. At the end of the experimental
treatment, the reaction was stopped by removing the medium. Then, the cells were incubated in DMEM
containing 0.5 mg/mL thiazolyl blue formazan (MTT; Sigma-Aldrich Co.) for an additional 3 h, and the
medium was removed and extracted by isopropanol for 15 min. The optical density (OD) of the
isopropanol fraction was measured at a wavelength of 570 nm in a Microplate Biokinetics Reader (Bio-
Tek Instruments, Winooski, VT, USA).

A phase-contrast inverted �uorescence microscope was used to evaluate morphological changes
(Olympus IX51, Olympus, Tokyo, Japan).

Lipid peroxidation and ROS level analysis

The lipid peroxide levels of NRK-52E cells were determined according to the method described by Fraga et
al. (1988) [27]. At the end of the experimental treatment, the reaction was stopped by removing the
medium and washing with cold phosphate-buffered saline (PBS, 3.2 mM Na2HPO4, 0.5 mM KH2PO4, 1.3
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mM KCl, 135 mM NaCl, pH 7.4). The cells were removed with a cell scraper with 100 mL of 20 mM
phosphate buffer containing 0.5% Triton X-100 and 10 mM butylated hydroxytoluene (BHT, in ethanol)
and centrifuged at 10000 x g at 4°C. Using 100 mL of cell upper suspension, 2 mL of 0.1 N HCl, 0.3 mL of
10% phosphotungstic acid, and 1 mL of 0.7% 2-thiobarbituric acid was added to the mixture. The
resulting mixture was heated for 30 min in boiling water, and thiobarbituric acid reactive substances
(TBARS) were extracted into 5 mL of n-butanol. After centrifugation at 3500 x g and 4℃ for 15 min, the
�uorescence of the butanol layer was measured with a �uorescence microplate reader (Bio-Tek
Instruments). The excitation and emission wavelengths were 515 nm and 555 nm, respectively, in a
�uorescence microplate reader (Bio-Tek Instruments). The total protein concentrations of NRK-52E cells
were determined as described by Lowry et al. (1951) [28].

At the end of the experimental treatment, the reaction was stopped by removing the medium. The
medium removed from each group was collected as the sample for the ROS level assay. The level of ROS
in NRK-52E cells was examined by Cellular ROS Assay Kit (ab113851, Abcam Inc., Cambridge, MA, USA)
according to the manufacturer's instructions.

GSH level analysis

At the end of the experimental treatment, the reaction was stopped by removing the medium and washing
with cold PBS. Samples for GSH (reduced form) and GSSG (oxidized form) determination were prepared
by adding 1 mL of 5% perchloric acid, which contained 2 mmol/L 1,10-phenanthroline, to each culture
plate. The plates were scraped, and the contents were centrifuged at 10,000 x g for 10 min. The acid-
soluble GSH in the hepatocellular supernatant was measured by HPLC [29]. Total protein levels of
cultured cells were determined using the method described by Lowry et al. (1951) [28]. The levels of GSH
and GSSG are presented as nmol/mg protein.

Nitrite (NO) and prostaglandin E2 (PGE2) determination

At the end of the experimental treatment, the reaction was stopped by removing the medium. The
medium removed from each group was collected as the sample for the NO and PGE2 level assays. The
nitrate levels of NRK-52E cells were determined following the Griess assay method [30] and were used as
an indicator of NO production in cells. The absorbance at 550 nm was measured and calibrated using a
standard curve of sodium nitrite prepared in culture medium.

The PGE2 levels of NRK-52E cells were measured by a competitive enzyme immunoassay (EIA) kit (ADI-
900-001, Cayman Chemical, Ann Arbor, MI). The concentrations of the mediator in the samples were
calculated according to reference calibration curves of the standards.

IL-1β, IL-6 and TNF-α assessment

At the end of the experimental treatment, the reaction was stopped by removing the medium. The
medium removed from each group was collected as the sample for the IL-1β, IL-6 or TNF-α level assays.
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In this study, the IL-1β, IL-6 and TNF-α levels in NRK-52E cells were assayed using Rat IL-1β/IL-1F2
DuoSet ELISA (R&D, DY501-05), Rat IL-6 DuoSet ELISA (R&D, DY506-05), and Rat TNF-α DuoSet
ELISA (R&D, DY510-05) kits, respectively (R&D Systems, Inc., Minneapolis, MN, US), according to the
manufacturer's instructions.

Apoptosis analysis

At the end of the experimental treatment, the reaction was stopped by removing the medium and washing
with cold PBS, and the cells were harvested and stained with an Annexin V-FITC/PI Apoptosis Detection
Kit (CE 1004) according to the manufacturer’s instructions.

Immunoblot analysis of apoptosis-regulated protein expression

At the end of the experimental treatment, the reaction was stopped by removing the medium and washing
with cold PBS. Then, the cells were harvested in 200 μl of lysis buffer (10 mM Tris-HCl, 5 mM EDTA, 0.2
mM phenylmethylsulfonyl �uoride, and 20 μg/ml aprotinin at pH 7.4). The total protein levels in NRK-52E
cells were determined using the method described by Lowry et al. (1951) [28].

For each sample, 10-20 μg of cellular protein was separated by 10% sodium dodecyl sulfate (SDS)
polyacrylamide gel electrophoresis [31] and transferred to polyvinylidene di�uoride membranes [32]. The
membranes were then incubated with anti-Bax, Bcl-2, and poly (ADP-ribose) polymerase (PARP)
antibodies at 37°C for 1 h, followed by incubation with a peroxidase-conjugated secondary antibody. The
bands were visualized using an enhanced chemiluminescence detection kit (RPN3243, Amersham Life
Science, Buckinghamshire, UK). For densitometric analysis, the blots were treated with enhanced
chemiluminescence substrate solutions and exposed using a ChemiDoc XRSþ System (Bio-Rad
Laboratories, Hercules, CA, USA).

Statistical analysis

The data were analyzed using the statistical analysis software SPSS for Windows, version 20.0 (SPSS
Inc., Chicago, IL, USA). One-way analysis of variance and Tukey’s multiple range tests were used to
evaluate the signi�cance of differences between mean values. abcdValues are signi�cantly different from
the other groups. A p-value less than 0.05 indicated a statistically signi�cant difference.

Results

GBAE protects NRK-52E cells from t-BHP-induced damage
The cell viability of NRK-52E cells treated with only t-BHP, (86.4 ± 1.2%) was signi�cantly decreased
compared to that of the control cells (100%) (P < 0.05) (Fig. 1). However, the cell viability of NRK-52E cells
treated with 0.5, 1 or 5 µg/mL GBAE and stimulated with t-BHP (97.6 ± 1.7%, 98.4 ± 1.5% and 98.1 ± 1.4%,
respectively) was not signi�cantly different from that of the control group (100%) (Fig. 1). In addition, the
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cell viability of the group treated with only 5 µg/mL GBAE for 48 h (98.5 ± 1.9%) did not differ from that of
the control group (100%). According to morphological examination by inverted microscopy, the cell
number and cell morphology did not signi�cantly differ among the groups treated with 0.5, 1 or 5 µg/mL
GBAE and stimulated with t-BHP, the group treated with only GBAE, and the control group. The cell
viability of the group treated with only 5 µg/mL GBAE did not differ from that of the control group. Thus,
treatment with 0.5, 1, or 5 µg/mL GBAE can protect the cell viability of NRK-52E cells from t-BHP-induced
damage, and GBAE is not toxic to NRK-52E cells.

GBAE reduced the oxidative stress of NRK-52E cells induced by t-BHP

According to the TBAR analysis, the treatment of NRK-52E cells with t-BHP signi�cantly increased TBAR
levels by 180% (P < 0.05) (Fig. 2A). However, after NRK-52E cells were incubated with 0.5, 1, or 5 µg/mL
GBAE and then stimulated with t-BHP, the TBAR levels were signi�cantly decreased by 47 to 72%
compared with those in the t-BHP-treated group (p < 0.05) (Fig. 2A). In addition, the TBAR levels of the
group treated with only 5 µg/mL GBAE did not differ from those of the control group.

In NRK-52E cells treated with only t-BHP, the ROS levels (100%) were signi�cantly higher than those in the
control cells (20.4 ± 3.4%) (P < 0.05) (Fig. 2B). The ROS levels of the group treated with only 5 µg/mL
GBAE did not differ from those of the control group. However, the ROS levels of NRK-52E cells did
signi�cantly decrease in the groups treated with 0.5, 1, or 5 µg/mL GBAE stimulated with t-BHP
(approximately 40.5–58.7%) (P < 0.05). These results demonstrate that GBAE reduces the oxidative stress
of NRK-52E cells induced by t-BHP.

To determine the antioxidative effects of GBAE on NRK-52E cells in this study, the intracellular GSH levels
of NRK-52E cells were analyzed. Figure 3C shows that the GSH levels of the group treated with only t-BHP
(26.9 ± 3.3 nmol/mg protein) were signi�cantly lower than those of the control group (51.7 ± 4.6 nmol/mg
protein) (P < 0.05) (Fig. 2C). The GSH levels of NRK-52E cells treated with 1 or 5 µg/mL GBAE and
stimulated with t-BHP (44.3 ± 3.7 and 51.0 ± 7.2 nmol/mg protein, respectively) were signi�cantly higher
than those in the group treated with only t-BHP (26.9 ± 3.3 nmol/mg protein) (P < 0.05). In addition, when
NRK-52E cells were treated with 0.5, 1, or 5 µg/mL GBAE and stimulated with t-BHP (7.4 ± 0.6, 10.7 ± 0.7
and 11.3 ± 0.5, respectively) (Fig. 3D), the GSH/GSSG ratio was signi�cantly higher than that of the group
treated with only t-BHP (4.5 ± 0.5) (P < 0.05). These results showed that GBAE can decrease oxidative
stress and increase intracellular GSH levels in NRK-52E cells induced by t-BHP.

GBAE alleviated the in�ammation of NRK-52E cells induced by t-BHP

Figure 3A and B show that compared with the control group, the t-BHP-only group had signi�cantly
increased levels of NO and PGE2(P < 0.05). The levels of NO and PGE2 in NRK-52E cells are presented in
Fig. 3A and 3B. The treatment of NRK-52E cells with 1 or 50 µg/mL GBAE combined with t-BHP
stimulation signi�cantly decreased NO levels by 20 and 22% and reduced PGE2 levels by 23 to 33%
compared with those in the t-BHP-treated group (100%) (Fig. 3A, B). These results showed that GBAE can
alleviate the in�ammatory response of NRK-52E cells under t-BHP induction.
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When the in�ammatory response was induced in NRK-52E cells by t-BHP, the IL-6 level was signi�cantly
higher than that in the control group (p < 0.05). However, the IL-6 levels of NRK-52E cells were signi�cantly
decreased after stimulation with 0.5, 1, or 5 µg/mL GBAE combined with t-BHP (54.9 ± 4.7, 54.1 ± 12.4,
and 69.1 ± 1.8%, respectively) compared with those after stimulation with only t-BHP (100%) (P < 0.05)
(Fig. 3C). Similar to the changes in IL-6 levels, the TNF-α levels of NRK-52E cells were signi�cantly
decreased by 4–7% after 1 or 5 µg/mL GBAE treatment compared with after t-BHP stimulation (P < 0.05)
(Fig. 3D). Figures 3C and 3D also show that the IL-6 and TNF-α levels of the group treated with only
5 µg/mL GBAE did not signi�cantly differ from those of the control group. In addition, IL-1β levels were
not different among the control group, the t-BHP-treated group, the groups treated with various
concentrations of GBAE and t-TBHP, and the GBAE-treated group (data not shown).

GBAE reduces the apoptosis and apoptosis-related molecule levels of NRK-52E cells induced by t-BHP

As shown in Fig. 4A, the levels of Bax in NRK-52E cells treated with 0.5 or 1 µg/mL GBAE and stimulated
with t-BHP were signi�cantly decreased by 78.5 ± 6.8 and 80.0 ± 4.4% compared to the group treated with
only t-BHP (p < 0.05). The Bcl-2 protein expression level of NRK-52E cells treated with 1 µg/mL GBAE and
t-BHP was signi�cantly increased by 134% compared with that of the cells treated with only t-BHP (p < 
0.05) (Fig. 4B). The PARP protein expression level of NRK-52E cells treated with 0.5, 1, or 1 µg/mL GBAE
and stimulated with t-BHP was signi�cantly increased by 10–21% compared with that of the t-BHP-
treated cells (p < 0.05). (Fig. 4C). In addition, when NRK-52E cells were treated with 0.5, 1, or 5 µg/mL
GBAE and stimulated with t-BHP, the apoptosis percentage was signi�cantly decreased by 21–22%
compared with that of the t-BHP-treated group (p < 0.05) (Fig. 4D). These results show that GBAE can
signi�cantly reduce the levels of apoptosis by regulating Bax, Bcl-2, and PARP expression.

Discussion
The present study showed that GBAE exhibits the potential to protect against the damage to the rat
kidney epithelial cell line, NRK-52E, induced by t-BHP. This protective mechanism is involved in the
decreased apoptosis of kidney epithelial cells by reducing oxidative stress and the in�ammatory
response.

Yoshitama et al. (1994) and Hayashi et al. (2002) showed that G. bicolor is rich in three major
anthocyanidins, namely, pelargonidin, delphinidin, and malvidin [33, 34]. Our previous studies showed
that various extracts of G. bicolor are rich in chlorophyll, �avonoid, and carotenoid family molecules, three
major plant pigment families, including chlorophyll, gallic acid, β-carotene, rutin, anthocyanidin, myricetin,
and morin [2, 3]. Recently, high contents of sesquiterpene compounds such as beta-caryophyllene, alpha-
caryophyllene, and alpha-copaene were found in G. bicolor [1]. These plant pigment constituents of G
bicolor are related to its physiological effects [4]. Previous studies have shown that these plant pigments
and phytochemical components have anti-in�ammatory, antioxidative stress, and proapoptotic effects.
Such as, Arjinajarn et al. (2017) showed that an anthocyanin-rich riceberry bran extract can prevent the
liver dysfunction and damage induced by gentamicin through its antioxidation, anti-in�ammatory, and
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antiapoptotic effects [35]. In addition, β-caryophyllene, a sesquiterpene compound, attenuates oxidative
stress, in�ammation, and apoptosis and prevents doxorubicin-induced acute cardiotoxicity in rats [36]. In
addition, pretreatment with β-carotene can protect against the nephrotoxicity induced by bromobenzene
by reducing oxidative stress and proin�ammatory and proapoptotic factors [37]. In the present study,
GBAE reduced apoptosis in NRK 52E cells induced by t-BHP, protecting against kidney cell damage. The
phytochromes of GBAE, such as quercetin, rutin, gallic acid, chlorophyll, β-carotene, anthocyanidin,
myricetin, and morin, may play an important role in reducing apoptosis in NRK-52E cells through
antioxidative stress and anti-in�ammatory responses.

In�ammation is a normal immune response to stimuli, such as pathogens, damaged cells, toxic
compounds, or irradiation [38]. However, a chronic in�ammatory response can lead to many chronic
diseases, such as cardiovascular disease, diabetes mellitus, cancer, and CKD [39]. Reduced chronic or
excessive in�ammatory responses protect from, decrease, or alleviate these chronic diseases [40].
Cytokines, such as IL-1β and TNF-α, released during the in�ammatory response trigger a series of
physiological effects, including increased ROS levels [41]. ROS not only help protect against extracellular
pathogens but also induce cell damage and cell death, i.e., apoptosis [42, 43]. In�ammation is one of the
major causes of kidney injury, and chronic in�ammation will lead to CKD, dialysis, and kidney failure.
Suppression of acute, chronic, or overexpression of in�ammation is a way to prevent kidney injury. In the
present study, GBAE signi�cantly decreased the levels of the cytokines IL-6 and TNF-α, and these
in�ammatory responses mediated the levels of NO and PGE2. This is a very bene�cial effect in reducing
kidney cell in�ammation and injury under oxidative stress. Previous studies have shown that the water
extract of Hedyotis diffusa (equal to 5.0 g/kg body weight) obviously protects against lipopolysaccharide
(LPS)-induced kidney in�ammation and kidney damage by suppressing the levels of TNF-α, IL-1β, IL-6,
and MCP-1 and promoting the levels of IL-10 in the serum of Kunming mice [44]. In kidney structural and
functional disorders in a CKD experimental model, quercetin attenuated LPS-stimulated apoptosis by
reducing the production of IL-6 and TNF-α in HK-2 cells [45]. Our previous study showed that GBAE can
reduce in�ammation by reducing NO and PGE2 levels and iNOS and COX-2 expression in RAW264.7 cells
induced by LPS [2]. The above results showed that G. bicolor has a renoprotective effect by reducing the
in�ammatory response.

In addition to the anti-in�ammatory effects of GBAE, it can also signi�cantly decrease ROS and TBARS
levels and increase GSH levels to prevent the oxidative stress that leads to cell damage under t-BHP
induction. Oxidative stress is one of the more important factors in kidney damage. For example, the
metabolism of food and medicine, physiological antioxidants, and antioxidant enzyme de�ciency are
sources of ROS and reactive nitrite species (RNS). Under conditions of antioxidative de�ciency, kidney
cells experience in�ammation, damage, �brosis, and death. Previous studies have also shown that
gravinol, a proanthocyanidin from grape seeds, has polyphenolic properties and potently inhibits lipid
peroxidation and decreases total RNS, O(2), NO, and ONOO(-) levels; its protective effect against high
glucose-induced kidney tubular epithelial cell damage attenuates diabetic nephropathy [46]. The acetone
and hydroethanol extracts of Phyllanthus phillyreifolius, a plant species indigenous to Reunion Island,



Page 10/22

protect against oxidative stress induced by H2O2 in the human embryonic kidney 293 (HEK293) cell line
by reducing ROS levels, increasing GSH levels, and activating SOD, catalase, and GPX activity [47]. The
ethanol extract of the root bark of Illicium henryi can decrease TNF-α, IL-1β, and IL-6 levels and increase
SOD activity and GSH levels in kidney tissue after lipopolysaccharide (LPS)-induced AKI in BALB/c mice
[48]. Previous studies have shown that G. bicolor aqueous extracts can attenuate H2O2-induced injury in
arti�cial rat neurons (PC-12 cells) by decreasing ROS, IL-1β, IL-6, and TNF-α levels and increasing GSH
levels and GSH peroxidase activity [5]. In the present study, GBAE signi�cantly enhanced cell
antioxidation ability and prevented kidney cell damage, indicating potential potential for kidney
protection.

Apoptosis usually plays an important role in the pathological process of kidney injury, CKD, and related
diseases, such as glomerulonephritis, acute and chronic kidney failure, diabetic nephropathy, and
polycystic kidney disease [23]. Especially in kidney epithelial cells or mesangial cells, some apoptotic
triggers, such as chemicals, drugs, oxidative stress, etc., induce apoptosis through extrinsic or intrinsic
pathways, leading to kidney cell death and �brosis [22, 49]. Therefore, reducing apoptosis may be one of
the therapeutic approaches for kidney disease. Previous studies have shown that colchicine has
anti�brotic and antiapoptotic effects in obstructed kidneys. An optimal dose of colchicine could reduce
apoptosis to prevent kidney disease progression [46]. Zeaxanthin can decrease MDA levels, increase SOD
activity, inhibit apoptosis, decrease ROS levels in mesangial cells in a high-sugar environment and
improve diabetic kidney disease [50]. In addition, cryptotanshinone (CTS), a component of Salvia
miltiorrhiza Bunge, can ameliorate ischemia/reperfusion injury in HK-2 cells, human proximal tubular
cells, in vitro partly by regulating Bax, Bcl-2, and caspase-3 expression to decrease apoptosis [51]. Li et al.
(2019) showed that an ethanol extract of G. bicolor can protect against UVB-induced apoptosis of skin
HaCaT cells by reducing Bax and caspase-3 mRNA expression and increasing Bcl-2 mRNA expression
[24]. In the present study, GBAE signi�cantly decreased the apoptosis of kidney epithelial NRK-52E cells
induced by t-BHP by decreasing the level of ROS and the expression of Bax, and PARP and increasing the
level of Bcl-2. This represents an important new �nding that the potential renoprotective effect of G.
bicolor may be due to a decrease in apoptosis.

As shown in Fig. 5, GBAE can protect NRK52E kidney epithelial cells from damage induced by t-BHP. The
major mechanism is that GBAE can reduce oxidative stress by increasing intracellular GSH levels and
reducing peroxidation. GBAE can also inhibit in�ammation by reducing TNF-α, IL-6, NO, and PGE2
production. After GBAE treatment, reduced oxidative stress and anti-in�ammation suppressed apoptosis
in NRK-52E cells by increasing Bcl-2 levels and decreasing Bax and PARP expression.

Conclusion
In summary, the present results showed that 5 µg/ml GBAE can protect against kidney cell damage
induced by t-BHP. The protective antioxidative and anti-in�ammation mechanism of GBAE involves a
reduction in cell damage and apoptosis. The molecular regulatory mechanisms of these antioxidative,
in�ammation and apoptosis-related molecules require further investigation.
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Figure 1

Effect of GBAE on the viability of NRK-52E cells induced by t-BHP. NRK-52E cells (1 × 105 cells/30-mm
plate) were seeded and cultured overnight. NRK-52E cells were treated with 0.5, 1, or 5 μg/mL GBAE for 24
h and then induced with or without 50 M t-BHP for another 24 h. The group treated with 50 μM t-BHP
alone served as an induced control group. GBAE was diluted in 95% ethanol, and cells treated with 95%
ethanol alone served as the control group. Cells treated with 5 μg/mL GBAE without t-BHP treatment for
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48 h were used as another control group. Cell viability (A) and morphological changes were examined.
Values are presented as the mean±SD (n=3). Values are signi�cantly different from the other groups, as
determined by Duncan’s test (p<0.05).

Figure 2

Effect of GBAE on the oxidative stress of NRK-52E cells induced by t-BHP. NRK-52E cells (1 × 105
cells/30-mm plate) were seeded and cultured overnight. NRK-52E cells were treated with 0.5, 1, or 5
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μg/mL GBAE for 24 h and then induced with or without 50 M t-BHP for another 24 h. The group treated
with 50 μM t-BHP alone served as an induced control group. GBAE was diluted in 95% ethanol, and cells
treated with 95% ethanol alone served as the control group. Cells treated with 5 μg/mL GBAE without t-
BHP treatment for 48 h were used as another control group. The levels of TBARS (A), ROS (B), and GSH
(C) and the GSH-to-GSSG ratio (D) were analyzed. Values are presented as the mean±SD (n=3). Values
are signi�cantly different from the other groups, as determined by Duncan’s test (p<0.05).

Figure 3
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Effect of GBAE on the in�ammatory response in NRK-52E cells induced by t-BHP. NRK-52E cells (1 × 105
cells/30-mm plate) were seeded and cultured overnight. NRK-52E cells were treated with 0.5, 1, or 5
μg/mL GBAE for 24 h and then induced with or without 50 M t-BHP for another 24 h. The group treated
with 50 μM t-BHP alone served as an induced control group. GBAE was diluted in 95% ethanol, and cells
treated with 95% ethanol alone served as the control group. Cells treated with 5 μg/mL GBAE without t-
BHP treatment for 48 h were used as another control group. The levels of NO (A), PGE2 (B), IL-6 (C) and
TNF-α (D) were analyzed. Values are presented as the mean±SD (n=3). Values are signi�cantly different
from the other groups, as determined by Duncan’s test (p<0.05).
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Figure 4

Effect of GBAE on apoptosis and the expression of apoptosis-related proteins in NRK-52E cells induced
by t-BHP. NRK-52E cells (1 × 106 cells/60-mm plate) were seeded and cultured overnight. NRK-52E cells
were treated with 0.5, 1, or 5 μg/mL GBAE for 24 h and then induced with or without 50 M t-BHP for
another 24 h. The group treated with 50 μM t-BHP alone served as an induced control group. GBAE was
diluted in 95% ethanol, and cells treated with 95% ethanol alone served as the control group. Cells treated
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with 5 μg/mL GBAE without t-BHP treatment for 48 h were used as another control group. Immunoblot
assays were performed to determine the expression levels of Bax (A), Bcl-2 (B), and PARP (C) in NRK-52E
cells and were quanti�ed using densitometry. The percentage of apoptosis (D) in NRK-52E cells was
analyzed. Values are presented as the mean±SD (n=3). Values are signi�cantly different from the other
groups, as determined by Duncan’s test (p<0.05).

Figure 5
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Possible mechanisms by which GBAE protects kidney epithelial NRK-52E cells from damage induced by t-
BHP.


