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Abstract

Dendrobium genus was reported to contain alkaloid, bibenzyl, fluorenone, phenanthrene,
sesquiterpenoid, and phenolic acid, which have biological properties. Our aim was to investigate
the protective effect of an aqueous extract of Dendrobiummobile Lindl (DNE) against cisplatin-
induced acute kidney injury (AKI). Quantification of four phenolic acids (4-hydroxybenzoic,
vanillic, syringic, and ferulic acid) in DNE was determined using the HPLC-photodiode array
method. Possible protective effects against cisplatin-induced nephrotoxicity were investigated
using in-vitro (porcine kidney cells; PK15) and in-vivo (Sprague Dawley rat) studies. Among the
four phenolic acids, 4-hydroxybenzoic acid was the most abundant. In the in-vitro study, DNE
pretreatment partially prevented decrement of viability after cisplatin (15 pg/mL) treatment in
the both the MTT and crystal violet assays. Moreover, relative to cells treated with cisplatin
alone, the DNE (50 pg/mL)-pretreated cells showed a ~30% increase in glutathione levels and a
~15% decrease in reactive oxygen species. The expression of p53 was also decreased in DNE-
pretreated cells (p < 0.05). In the in-vive study, the renal function index decreased to normal
levels in groups pretreated with DNE (300 and 500 mg/kg); histopathological alterations and
apoptotic cells were also attenuated. Moreover, DNE pretreatment ameliorated oxidative
stress in the kidney, as evidenced by recovered antioxidant enzyme levels and decreased
lipid peroxidation. DNE, by decreasing oxidative stress, was found to have a protective effect
against cisplatin-induced nephrotoxicity. Based on these findings, DNE might be beneficial
when treating cisplatin-induced AKI.
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Introduction

The incidence of acute kidney injury (AKI) is
still rising, and the associated mortality has been
largely unchanged over the past two decades (1).
Due to its rapid progression and life-threatening
characteristics, prevention is the most important
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strategy in AKI treatment.

Cisplatin (cis-Diammineplatium II
dichloride), a platinum-containing anticancer
drug, is widely used for the solid cancers such
as ovarian, and head and neck carcinomas
(2). Despite its clinical efficacy, dose related
nephrotoxicity limits long-term cisplatin-based
chemotherapy, which occurs in about one-
third of patient undergoing cisplatin treatment
(3). In cisplatin nephrotoxicity, cisplatin could
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selectively accumulate in the kidney through the
mediated transport system and activates multiple
signaling pathways, resulting in renal tubule cell
necrosis and apoptosis (4, 5). Previous studies
have reported that the oxidative stress has been
recognized as an important factor that contributes
to cisplatin nephrotoxicity and glutathione
synthesis inhibition and antioxidant depletion
have been regarded as a major pathogenic factors
(5, 6). In this aspect, many studies have focused
on oxidative stress as a therapeutic target (7, 8).

There has been a growing interest in
traditional herbal medicine as a source for
novel therapeutic agents for AKI. Numerous
compounds from different fruits and plants
were tested, such as quercetin, lycopene, and
platycodin D, which possess antioxidant capacity
without toxic side effects (9-11). Dendrobium
nobile Lindl is an herbal medicine that has been
used clinically in China and several Southeastern
Asian countries to maintain tonicity of the
stomach and promote body fluid production
(12). Recently, the Dendrobium genus has been
found to contain compound, that have biological
effects, including alkaloid, bibenzyl, fluorenone,
phenanthrene, sesquiterpenoid and phenolic acid
(13, 14). Moreover, the polysaccharide fraction
of D. nobile has been found to have antitumor
and antioxidant activities (15, 16).

The aims of the present study were to: 1)
determine the phenolic acid compounds in an
aqueous extract of D. nobile Lindl (DNE) using
the HPLC-photodiode array. (PDA) method,
and 2) explore the protective effect of the DNE
against cisplatin-induced AKI using both in-
vitro and in-vivo models.

Experimental

Chemicals

4-Hydroxybenzoic acid (purity, >99.0%),
syringic acid (>95.0%), vanillic acid (>97.0%),
cisplatin  (=99.0%), captopril (=98.0%), and
crystal violet solution were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Ferulic
acid (purity >98.0%) was obtained from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan).
D. nobile was purchased from Omniherb
(Yeongcheon, Korea). The origin of the sample
was confirmed taxonomically by Professor Je-
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Hyun Lee, Dongguk University, Gyeongju,
Republic of Korea. A voucher specimen (NO.
KIOM-AO15) was deposited in storage at the
Basic Herbal Medicine Research Group, Korea
Institute of Oriental Medicine.

Preparations of DNE and standard solution

Dried D. nobile (60 g) was extracted with
distilled water (600 mL) by reflux for 2 h. The
extracted solution was filtered through filter
paper, evaporated to dryness and freeze-dried
(5.19 g). The yield of the water extract obtained
was 17.5%. A lyophilized sample (20 mg) was
dissolved in distilled water (10 mL) and mixed.
The solution was filtered through a SmartPor
GHP syringe filter (0.2 um.pore size, Woongki
Science, Seoul, Korea). The stock solutions of
the four reference standards were dissolved in
methanol (1.0 mg/mL) and stored below 4°C.

HPLC analysis

A Shimadzu LC-20A HPLC system
(Shimadzu Co., Kyoto, Japan) with a PDA
detector was employed in this study. The data
were processed using LCSolution software
(Version 1.24; Shimadzu Co., Kyoto, Japan).
The analytical column used for separation was
a Gemini C18 column (250 x 4.6 mm; particle
size 5 um; Phenomenex, Torrance, CA, USA)
and was maintained at 40°C. The mobile phases
for chromatographic separation were carried out
using a gradient elution of solvent A (1.0% v/v
aqueous acetic acid) and solvent B (1.0% v/v
acetic acid in acetonitrile). The gradient flow of
the two-solvent system was as follows: 5% B (0
min), 5-70% B (40 min), 70-100% B (45 min),
100% B (50 min), 100-5% B (55 min), and 5% B
(70 min). Analysis was performed at a flow-rate
of 1.0 mL/min with a detection wavelength of
254 nm. The injection volume was 10 pL.

Cell viability assay

For all assays, PK15 cells were seeded at
a density of 1 x 10* cells/mL in 96-well plates
with regular growth medium. The experiments
were carried out on the following day. The effect
of DNE on the cisplatin-treated PK15 cells was
assessed using MTT and crystal violet assays.
PK15 cells were treated with ascorbic acid
(positive control, 1.7 mg/mL) and DNE (0, 50,
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100 and 200 pg/mL) 2 h before cisplatin (15 pg/
mL) treatment; after cisplatin treatment, the cells
were incubated for 24 h. The MTT assay was
performed using the EZ-Cytox Cell Viability
assay kit (Daeil, Seoul, Korea) according to the
manufacturer’s protocol. The crystal violet assay
was carried out based on a previous report with
minor modifications (17).

Reactive oxygen species and glutathione
levels in PK15 cells

For both the reactive oxygen species (ROS)
and the glutathione (GSH) assays, cells were
pretreated with ascorbic acid (positive control,
1.7 mg/mL) and DNE (0 and 50 png/mL). After 2
h, the cells were treated with cisplatin (15 pg/mL)
and incubated for 24 h. The ROS contents were
determined using the dihydrodichlorofluoroscein
diacetate (Invitrogen, Carlsbad, CA, USA)
method with some modification (18). The level
of GSH was determined with a Glutathione
Assay Kit (Northwest, WA, USA) according to
the manufacturer’s protocol.

Western blot of p53

PK15 cells were prepared in the same manner
as described for the ROS and GSH assays. After
incubation, the cells were lysed with lysis buffer
(20 mM Tris-HCI pH 8, 150 mM NacCl, protease
inhibitor cocktail). After the protein assay, a 30
pg protein sample was separated using 12%
SDS-PAGE. The proteins were transferred onto a
nitrocellulose membrane in a Semi-Dry Transfer
system from Bio-Rad (Hercules, CA, USA).
After blocking, the membrane was incubated
with primary antibody anti-p53 (1:300; Santa
Cruz Biotechnologies, Santa Cruz, CA, USA).
Horseradish peroxidase-conjugated anti-mouse
IgG (1:5000; Santa Cruz Biotechnologies) was
used for p53 detection. Immunoreactivity was
visualized using an enhanced chemiluminescence
detection kit (Amersham Pharmacia Biotech,
Piscataway, NJ, USA).

Animal study

Four-week-old male Sprague Dawley (SD)
rats were obtained from Orient Bio (Seongnam,
Korea) and acclimated to laboratory conditions
(25 £ 0.2°C, 50% relative humidity, 12 h light/
dark cycle) for 1 week before experimentation.
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All animals were supplied with standard chow
(Charles River Inc., Richmond, IN, USA) and
water ad libitum. Healthy SD rats (n = 30) were
randomly allocated into 6 groups (n = 5/group)
and treated for 28 days with each compound
orally as follows: group 1 (control, distilled
water; DW), group 2 (cisplatin alone, DW +
cisplatin), group 3 (100 mg/kg of captopril +
cisplatin), groups 4-6 (100, 300 and 500 mg/
kg of DNE + cisplatin). Captopril, angiotensin-
converting enzyme inhibitor, was used as
a positive control drug, which is known to
alleviate cisplatin-induced nephrotoxicity by
its antioxidant properties and renin-angiotensin
system inhibitory effect (19, 20). On day 23,
cisplatin (5 mg/kg) was injected intraperitoneally
to induce AKI, except for the control group. On
day 27, the urine of each animal was collected
over 24 h for urine volume analysis; 3 h after
the lasttreatment, the-animals were anesthetized
with an intraperitoneal injection of a combination
of zolazepam and tiletamine (Zoletil; Virbac).
The experimental protocols were approved (No.
CNU-00070) by the Institutional Animal Care
and Use Committee of Chungnam National
University (Daejeon, Korea). Blood samples
were collected from the inferior vena cava and
separated by centrifugation at 800 g for 15
min, and the serum blood urea nitrogen (BUN)
and creatinine (CRE) were determined on a
dry chemistry system (IDEXX Laboratories,
Westbrook, ME, USA). The left kidney was
quickly removed for histopathological analysis.
The other kidney was removed and used in
the GSH (Northwest, WA, USA) and the
malondialdehyde (MDA ; Northwest, WA, USA)
assays. The assays were conducted according to
the manufacturer’s protocol.

Histopathological examination

The left kidney was fixed immediately in
a 10% buffered formalin phosphate solution,
embedded in paraffin and cut into 5 um sections
and processed for histological staining. These
serial tissue sections were either stained
with haematoxylin and eosin (H&E) for
histopathological examination or subjected to
TUNEL staining. Apoptotic nuclei were detected
by the TUNEL method using an apoptosis
detection kit (Millipore, Bilerica, MA, USA)
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Figure 1. Chemical structures of the phenolic acid compounds in Dendrobium nobile Lindl aqueous extracts. 1) 4-hydroxybenzoic acid,

2) vanillic acid, 3) syringic acid, 4) ferulic acid.

according to the manufacturer’s protocol. All of
the stained slides were analyzed under the light
microscope.

Statistical analysis

Data are presented as mean values + standard
error of mean (SEM). Significant differences
among the experimental groups were determined
using the one-way analysis of variance
(ANOVA) test followed by Tukey’s post hoc
analysis. Values of P < 0.05 were considered to
be statistically significant.

mAU

Results

HPLC analysis

Figure 1 shows the chemical structures of
the four phenolic ‘acids in DNE. Quantitation
of  the phenolic acids was achieved

using PDA detection at 254 nm (Figure 2).

The line equations and correlation
coefficients ) of  the calibration
curves and the identified contents of the
phenolic acids in DNE are summarized in
Table 1.
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Figure 2. HPLC chromatographs of the standard sample (A) and the standardized Dendrobium nobile Lindl aqueous extract (B) measured
at a wavelength of 254 nm. The numbers indicate each phenolic acid: 1) 4-hydroxybenzoic acid, 2) vanillic acid, 3) syringic acid, 4)

ferulic acid.
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Figure 3. Effect of Dendrobium nobile Lindl extract (DNE) on cisplatin-treated PK15 cells. The cells were treated with ascorbic acid
(AA, 1.7 mg/mL) and different concentrations of DNE 2 h before cisplatin (15 pg/mL) treatment, and incubated for 24 h before one of the
following assays was performed: A) MTT assay, B) crystal violet assay, C) GSH assay, D) ROS assay, and E) p53 western blot analysis.
Values are expressed as mean + SEM for triplicate experiments. *p < 0.05, a significant difference in comparison with the control cells,
#p < 0.05, a significant difference in comparison with cells treated with cisplatin alone.

In-vitro study

The effect of DNE on cell viability, oxidative
status and p53 expression were evaluated in
cisplatin-treated PK 15 cells (Figure 3). The data
are expressed as the percentage relative to the
control level. In the viability assay, ascorbic acid
(a potent antioxidant used as the positive control)
prevented a viability decrement after cisplatin-
treatment (p < 0.05). DNE pretreatment partially
recovered viability when compared to cells

treated with cisplatin alone; DNE at 50 ug/mL
demonstrated the highest viability in the both
MTT (80.8+4.9, p <0.05; Figure 3A) and crystal
violet (64.8+0.7, p > 0.05; Figure 3B) assays.
The GSH content was decreased after cisplatin
treatment to about 80%; the decrecased GSH
level was restored almost to the control level in
the DNE-pretreated cells (p < 0.05; Figure 3C).
In the ROS assay, cisplatin treatment increased
ROS generation up to about 140% compared
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Table 1. HPLC analysis data for four standard components and the contents of four compounds in the Dendrobium nobile Lindl aqueous

extract.

Contents
Compound Linear range Correlation LOD LOQ
p (ng/mkL) coefficient (r?) (ng/mL) (ng/mL)
Mean (mg/g) SD RSD (%)

4-hydroxybenzoic acid 0.08-10.00 0.9998 0.014 0.045 3.0 0.06 1.927
Vanillic acid 0.08-10.00 0.9999 0.021 0.068 0.9 0.01 1.567
Syringic acid 0.08-10.00 0.9998 0.012 0.041 1.3 0.02 1.653
Ferulic acid 0.08-10.00 1.0000 0.012 0.041 2.1 0.04 1.857

The limits of detection (LOD) and of quantification (LOQ) were determined using signal-to-noise (S/N) ratios of 3 and 10, respectively.

to the control group. Treatment with 50 pg/mL
DNE slightly decreased cisplatin-induced ROS
production to about 130% (p < 0.05; Figure 3D).

In the western blot assay, pS3 expression
was markedly increased after cisplatin treatment
(Figure 3E). However, pretreatment with
DNE suppressed cisplatin-induced p53 over-
expression to 85 & 3.3% of the control group (p
<0.05).

In-vivo study

Effect of DNE on renal physiology and
oxidative status

No adverse effects were observed in the
animals during the study. Cisplatin-induced
renal function disruption was confirmed in the
renal function index. BUN and CRE, and urine
volume were significantly increased about 5-,
17-, and 2-fold, respectively, after cisplatin
injection (Table 2). Meanwhile, DNE treatment
improved the disrupted renal function index and
urine volume, along with ameliorating body
weight loss (p < 0.05).

The antioxidant activity of the DNE in
cisplatin-induced renal injury was assessed
by measuring GSH and MDA levels in the
kidney (Table 2). Cisplatin treatment markedly
increased the level of MDA in the kidney,
whereas the tissue GSH level was significantly
decreased when compared to the control (p <
0.05). In groups treated with DNE, the MDA
level was decreased to about 50% (especially
in the 500 mg/kg group) compared to the group
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treated with cisplatin alone. These groups also
had increased GSH content (p < 0.05).

Effect of DNE on histopathological alteration

Thecontrol group cellshad an intactcytoplasm
with a normal structure. In contrast, tubular
detachments with a broad loss of the brush border
were observed in the cells of the cisplatin alone
group (Figure 4). In the DNE-pretreated group
(especially at the concentration of 500 mg/kg),
relatively well-preserved proximal tubules with
reduced cell swelling were observed, although a
slight desquamation and relative atrophy of the
tubular epithelial cells were still present (Figure
4). Cisplatin-induced apoptosis in the kidney
tissues was also detected using TUNEL staining
(Figure 5). The percentage of TUNEL-positive
cells markedly increased in the group treated
with cisplatin alone. Although the decrement of
apoptotic cell was not dose-dependent, the DNE-
pretreated group showed a decreased proportion
of apoptotic cells compared to the cisplatin-
alone group (p < 0.05).

Discussion

For a long time, fruits and medicinal plants
that have an antioxidant effect have been used to
reduce oxidative stress (21). Among these natural
antioxidants, phenols and phenolic acids are
considered to be the most active (22). Phenolic
acids are a major class of polyphenols, which are
widely distributed in the daily diet (23). Previous
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Figure 4. Effect of Dendrobium nobile Lindl extracts (DNE) on the cisplatin-treated rat kidney. H&E staining was used to assess tissue
damage. (A) Control; (B) cisplatin alone; (C) captopril (100 mg/kg) pretreatment; (D) DNE (100 mg/kg) pretreatment; (E) DNE (300
mg/kg) pretreatment; (F) DNE (500 mg/kg) pretreatment group. All rats given orally each compound for 28 days. On day 23, cisplatin
(5 mg/kg) was injected intraperitoneally to induce acute kidney injury. Tubular epithelial cells remained in the proximal tubules (arrows)
in the S3 segments of proximal tubules of the outer stripe of the outer medulla (OSOM). The proximal tubules showed almost normal

morphology (stars). Bar; 200 um (A-F), 100 um (A'-F").

studies have demonstrated a relationship
between the magnitude of antioxidant activity
and the quantity of phenolic substances (24).
Recently, a polysaccharide from the Dendrobium
genus was reported to have an antioxidant
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effect  with radical-scavenging activity (15,
25). Our study found that an aqueous extract
of D. nobile contained phenolic acids including
4-hydroxybenzoic acid, vanillic acid, syringic
acid, and ferulic acid. In DNE, 4-hydroxybenzoic
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Figure 5. Effect of Dendrobium nobile Lindl extracts (DNE) on cisplatin-induced apoptosis in kidney. TUNEL staining was hired to
assess apoptosis. (A) Control; (B) cisplatin alone; (C) captopril (100 mg/kg) pretreatment; (D) DNE (100 mg/kg) pretreatment; (E)
DNE (300 mg/kg) pretreatment; (F) DNE (500 mg/kg) pretreatment group. All rats given orally each compound for 28 days. On day 23,
cisplatin (5 mg/kg) was injected intraperitoneally to induce acute kidney injury. The presence of TUNEL-positive cells was measured by
the image analyzer. Values are expressed as mean + SEM. *p < 0.05, a significant difference in comparison with the group treated with
cisplatin alone, #p < 0.05, a significant difference in comparison with the control group.
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Table 2. Effect of Dendrobium nobile Lindl aqueous extract (DNE) on serum biochemical parameters, oxidative status and body weight

in cisplatin-induced acute renal failure rats.

Rats (n=5/group) were given orally distilled water (DW), captopril (100 mg/kg) and DNE (100, 300 and 500 mg/kg) once daily for
28 days for each group. After 23 days of treatment, cisplatin (5 mg/kg) was intraperitoneally injected except in saline injected control.

Values are expressed as mean + SEM, "p < 0.05, a

significant difference in comparison with the control group, “p < 0.05, a significant difference in comparison with the cisplatin alone

treated group.

Grou BUN CRE GSH MDA Body weight Urine
p (mg/dL) (mg/dL) (nmol/g tissue) (nmol/g tissue) gains (g) Volume (mL)
Control 16.3+6.4 0.4+0.1 22.6+1.7 12.4£1.0 19410 8+0
Cisplatin 83.0£12.7* 6.9+£1.7* 7.8+1.3% 81.2+£12.9% -114£7* 16+0.6*
Captopril + cisplatin 18.0+4.2# 1.8+0.7# 16.5+4.0 14.6+8.0# -10+6 10£1.2
DNE (100 mg/ke) + 70.0425.5%  3.4+1.1# 17.342.2 51.348.9 ] 1441.7%
cisplatin
DNE (300 mg/ke) + 15.0£2.0¢ 1.440.1# 23.6+3.9% 437432 3424 1120.9
cisplatin
DNE (500 mg/ke) + 120£7.074  3.1+1.0# 24.6+2.4¢ 4140+1 8% g2 8+1.1#
cisplatin

acid was relatively abundant. It is well known
that the structure of phenolic compounds is a
key determinant of their radical scavenging
activity and the antioxidant activity increase
with increasing degree of hydroxylation (26).
Although the antioxidant activity of phenolic
acids depends on the number and position of
the hydroxyl group, 4-hydroxybenzoic acid, a
monohydroxybezoic acid, it'is recognized as
an effective hydroxyl radical scavenger due to
its propensity for hydroxylation and the high
reactivity of the hydroxyl radical (27).

Many studies on the pathogenesis of
cisplatin nephrotoxicity have focused on the
oxidative stress induced by its direct toxicity
and ROS known to induce apoptosis through
the generation of hydroxyl radicals, and that an
increase in the intracellular GSH concentration
reduces the tissue damage caused by free
radicals (10, 11, 28). GSH is a major antioxidant
that protects cellular components from the ROS-
derived damages (29). In this study, decreased
GSH levels were observed in the cisplatin-
treated cells, which might have resulted from
the formation of cisplatin-GSH conjugates. In
contrast, DNE-pretreated cells showed recovered
GSH concentrations, almost comparable to the
control cells, with reduced ROS production; this
indicates a recovered antioxidant status. Several
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studies have reported that accumulated cisplatin
in renal cells causes DNA damage and oxidative
stress leading to apoptosis, which is related to
the p53 signaling pathway (30, 31). p53 is a
tumor-suppressor protein that acts in response to
various forms of cellular damage derived from
oxidative stress, and regulates the proliferative
process (32). Moreover, cisplatin-induced p53
signal in caspase dependent apoptosis was
confirmed by p53 null mouse model (33). In
this study, DNE pretreatment down-regulated
a cisplatin-induced p53 expression in-vitro and
reduced apoptotic cells were found in the in-vivo
TUNEL staining study.

In order to evaluate the protective effect of
DNE against cisplatin-induced cell injury, the
viability of the PK15 cells was tested using
an MTT and crystal violet assay. Even though
the recovery tendency was different, DNE
pretreatment recovered cell viability. The
different viability rates might be due to the
different endpoints measured in each assay.
The MTT assay is based on the function of
mitochondrial dehydrogenase, while the crystal
violet assay stains the nuclei of adherent cells
(34).

In the in-vivo model, DNE demonstrated
a protective effect against cisplatin-induced
AKI. Owing to its major side effects, cisplatin-
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induced nephrotoxicity model was frequently
used to simulate AKI and renal failure (35).
In this study, an elevation in serum BUN and
CRE levels confirmed the presence of renal
injury after cisplatin treatment. In contrast,
the DNE-pretreated group showed decreased
BUN and CRE levels with reduced weight loss
after cisplatin injection. The S3 segment of
the proximal tubule is an injury site specific to
cisplatin-induced nephrotoxicity, and is where
water uptake mainly occurs (36). Four weeks
of DNE pretreatment decreased urine volume
almost to control group levels.

The antioxidant effect of DNE in the rat
model was consistent with the results of the
in-vitro study. A decreased GSH and increased
MDA levels were found in the group treated
with cisplatin alone; the decreased level of
antioxidants might lead to the elevation of
lipid peroxidation, which was determined by
MDA levels, which is an end product of lipid
peroxidation. Meanwhile, the DNE treatment
dose-dependently increased the GSH level.
Lipid peroxidation could induce the cellular
damages present in ROS-induced organ damage
(37). In this study, MDA content in the kidney
decreased in the DNE-pretreated group, which
indicates decreased oxidative damage. Taken
together, pretreatment with DNE attenuated the
cisplatin-induced progressive oxidative damage
of the kidney by enhancing the antioxidant
marker (GSH) and lowering the oxidative stress
marker (MDA).

A Thistopathological study was performed
to confirm the' protective  effects of DNE
in the kidney tissue: Twenty-eight days of
DNE treatment (especially at a concentration
of 500 mg/kg) reduced cisplatin-induced
histopathological alterations in the region of the
proximal tubule. Moreover, DNE pretreatment
markedly the decreased TUNEL-positive cell
number although the effect was not dose-
dependent.

Conclusions

In the present study, DNE, which contains
phenolic acids, was found to have a protective
effect against cisplatin-induced nephrotoxicity
both in-vitro and in-vivo. DNE treatment
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enhanced cell viability and ameliorated renal
damage by decreasing oxidative stress. Thus,
DNE could potentially be used in the prevention
of AKI. Further studies are needed to determine
the therapeutic window of DNE for clinical
application.
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