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Abstract: Use of the chemotherapeutic agent cisplatin (CDDP) in cancer patients is limited by the
occurrence of acute kidney injury (AKI); however, no protective therapy is available. We aimed to
investigate the renoprotective effects of Dendropanax morbifera water extract (DM) on CDDP-induced
AKI. Male Sprague-Dawley rats (six animals/group) received: Vehicle (control); CDDP (6 mg/kg,
intraperitoneally (i.p.); DM (25 mg/kg, oral); or DM + CDDP injection. CDDP treatment significantly
increased blood urea nitrogen (BUN), serum creatinine (sCr), and pro-inflammatory cytokines (IL-6
and TNF-α), and severely damaged the kidney architecture. Urinary excretion of protein-based AKI
biomarkers also increased in the CDDP-treated group. In contrast, DM ameliorated CDDP-induced
AKI biomarkers. It markedly protected against CDDP-induced oxidative stress by increasing the
activity of endogenous antioxidants and reducing the levels of pro-inflammatory cytokines (IL-6 and
TNF-α). The protective effect of DM in the proximal tubules was evident upon histopathological
examination. In a tumor xenograft model, administration of DM enhanced the chemotherapeutic
activity of CDDP and exhibited renoprotective effects against CDDP-induced nephrotoxicity without
altering chemotherapeutic efficacy. Our data demonstrate that DM may be an adjuvant therapy with
CDDP in solid tumor patients to preserve renal function.

Keywords: cisplatin; Dendropanax morbifera; renoprotective effect; antioxidants; chemotherapy;
xenograft model

1. Introduction

Cisplatin (CDDP) is one of the most effective chemotherapeutic agents used widely for the
treatment of malignant tumors in the testes, ovaries, cervix, lung, bladder, stomach, and many
other organs [1]. While CDDP induces various side effects including ototoxicity, gastrotoxicity,
myelosuppression, and allergic reactions [2,3], nephrotoxicity is one of the very serious side effects that
has been observed in clinical practice. CDDP-induced nephrotoxicity can present with various types of
symptoms including acute kidney injury (AKI), hypomagnesemia, renal tubular acidosis, hypocalcemia,
and hyperuricemia [4,5]. However, the most serious aspect of CDDP-induced complication is acute
kidney injury (AKI), which occurs in 20–30% of patients [6]. Clinical data have shown that approximately
one-third of patients experience AKI after CDDP therapy, with reduced glomerular filtration rate,
increased blood urea nitrogen (BUN) and serum creatinine (sCr), and imbalanced electrolytes [7,8].
CDDP-induced renal injury is generally characterized by tubular degeneration and necrosis localized
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to the S3 segment of the proximal tubules with loss of microvilli, alterations in the number and size of
lysosomes, and mitochondrial vacuolation [9].

Natural products are known to have protective effects against CDDP-induced AKI by scavenging
free radicals and modulating the antioxidant defense system [10]. In particular, dietary supplements are
popular complementary products for the prevention and therapy of renal injury. Dendropanax morbifera
(DM, D. morbifera) is traditionally used as a folk medicine for the treatment of various diseases
including inflammation, migraines, menstrual pain, and wind dampness [11,12]. Previous research
has demonstrated that the extracts of D. morbifera roots, leaves, and stems contain biologically active
compounds, such as polyphenols and polyacetylene, that exhibit potent antioxidant, anti-inflammatory,
anticancer, anticomplement, and antidiabetic properties [13–15]. In addition, the organic solvent
extracts of D. morbifera have potent antioxidant effects against cancer, diabetes, hepatic fibrosis,
and kidney toxicity [16–18]. However, the protective effects of the aquatic extract (DM) from leaves and
stems of D. morbifera against CDDP-induced AKI is not clearly understood. Thus, the aim of the present
study was to investigate the protective role of DM against CDDP-induced nephrotoxicity in an animal
model. To the best of our knowledge, this investigation is the first report to examine the molecular
mechanisms underlying the effects of DM on the prevention and strategy of CDDP chemotherapy.

2. Materials and Methods

2.1. Chemicals and Reagents

CDDP was purchased from Sigma-Aldrich (St. Louis, MO, USA) and was used to induce kidney
injury. CDDP was dissolved in normal saline (0.9% sodium chloride). Primary antibodies against
neutrophil gelatinase-associated lipocalin (NGAL), kidney injury molecule-1 (KIM-1), selenium binding
protein-1 (SBP1), and Ki-67 were purchased from Abcam (Cambridge, MA, USA). Assay kits used
to measure BUN and sCr were purchased from Abcam. Superoxide dismutase (SOD) and catalase
assay kits were purchased from Cayman Chemical (Ann Arbor, MI, USA). TUNEL assay kits were
purchased from Promega (Promega, Madison, WI, USA). All other chemicals used in this study were
purchased from Sigma-Aldrich.

2.2. Plant Material and Preparation of Water Extracts from D. morbifera

Aerial parts of D. morbifera were harvested from a cultivation farm at Gwangyang-si, Jeollanam-do,
Korea in October 2016. A voucher specimen was deposited in the specimen room, School of Pharmacy,
Sungkyunkwan University (SKKU-Ph-16-031). Dried aerial parts of D. morbifera (100 g) were extracted
with water at 95 ◦C (2 × 1 L, for 5 h), and the extracts were concentrated under reduced pressure to
prepare a water extract of D. morbifera with the constant volume of 1 L.

2.3. HPLC Analysis of the Water Extract of D. morbifera

To identify the potential bioactive components of DM extract, the High Performance Liquid
Chromatography (HPLC) analysis of DM extract were conducted using a reversed-phase (RP) C18

HPLC using gradient elution. HPLC analysis was performed using a Knauer HPLC system consisting
of a Manager 5000, two Pump 1000 devices, a UV Detector 2500, and a Phenomenex Kinetex C18
column (150 × 4.6 mm, 5 µm). The mobile phases consisted of acetonitrile (A) and/or water with
0.3% phosphoric acid (B). The gradient profile used was 5% A (0–5 min, isocratic elution), 5–15% A
(5–25 min, linear change), 15–30% A (25–35 min, linear change), 30% A (35–40 min, isocratic elution),
30–100% A (40–50 min, linear change), and 100% A (50–55 min, isocratic elution) at a flow rate of
1 mL/min. The column oven temperature and UV absorption were set at 30 ◦C and 254 nm wavelength,
respectively. Standard working solutions for 3 major components were prepared by serial dilution with
methanol/water (1:1) to yield concentrations of 500, 200, 100, and 50 µg/mL, respectively. Three major
components were detected as major peaks at 254 nm and quantified using a regression equation for
each compound (Figure 1).
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Figure 1. Preparation of Dendropanax morbifera water extract (DM) and experimental design of 
cisplatin (CDDP)-induced nephrotoxicity in rats. Rats were randomly divided into four groups: The 
control group, which received normal saline; the CDDP (6 mg/kg, single intraperitoneal (i.p.) 
injection) group; the CDDP (6 mg/kg, single i.p. injection) + DM (25 mg/kg/day) group; and the DM 
(25 mg/kg/day) group. The DM was administered orally for 10 days. 

2.4. Experimental Design 

Male Sprague-Dawley rats (6 weeks old, 200 ± 5 g) were purchased from Charles River 
Laboratory Animal Resources (OrientBio, Sungnam, Korea). All animals were maintained in a 
specific-pathogen free (SPF) room with a 12 h light/dark cycle under automatically controlled 
temperature (23 ± 0.5 °C) and humidity (55 ± 2%) conditions. Tap water and rodent chow were 
provided ad libitum. All animals were acclimated for 1 week before experiments. The experimental 
protocol was approved for ethical procedures and scientific care by the Sungkyunkwan University 
Institutional Animal Care and Use Committee (SKKUIACUC2018-08-13-2). 

CDDP (6 mg/kg) was dissolved in normal saline (0.9% sodium chloride) and intraperitoneally 
(i.p.) injected into rats once over 10 days to induce kidney injury. Then, the rats were divided into 
four groups (n = 6 per group), as shown in Figure 1. These groups included: Vehicle control (normal 
saline, i.p.), CDDP (6 mg/kg, i.p.), pretreatment with CDDP (6 mg/kg) 1 h prior to the administration 
of DM (25 mg/kg/kg), and DM alone (25 mg/kg, dissolved in deionized distilled water). At the end of 
the experiment, all animals were sacrificed after fasting for 24 h. The kidney was isolated for 
histological and other analyses. After the collection of blood samples at 60 min, serum was separated 
by centrifugation at 4000 rpm. Kidney and serum samples were immediately stored at −80 °C until 
analysis. 

2.5. Urinalysis and Serum Biochemical Analysis 

For urine collection, the animals were moved into a metabolic cage for 24 h before euthanizing. 
Total urine samples were collected over a 24 h period, and the exact urine volume was recorded. The 
urine samples were immediately centrifuged at 900× g for 10 min to remove impurities. Urine stored 
at −80 °C was slowly dissolved at 4 °C to use for analysis. The rats were fasted overnight and 
anesthetized by exposure to CO2. Blood was collected from the abdominal aorta and immediately 
centrifuged for 10 min at 1500× g. The serum samples were then immediately stored at −80 °C until 
analysis. Biochemical analysis of various parameters, including sCr and BUN, was performed using 
a Hitachi 912 Automatic Analyzer (Roche Diagnostics, Sandhofer, Mannheim, Germany). 

Figure 1. Preparation of Dendropanax morbifera water extract (DM) and experimental design of cisplatin
(CDDP)-induced nephrotoxicity in rats. Rats were randomly divided into four groups: The control
group, which received normal saline; the CDDP (6 mg/kg, single intraperitoneal (i.p.) injection) group;
the CDDP (6 mg/kg, single i.p. injection) + DM (25 mg/kg/day) group; and the DM (25 mg/kg/day)
group. The DM was administered orally for 10 days.

2.4. Experimental Design

Male Sprague-Dawley rats (6 weeks old, 200 ± 5 g) were purchased from Charles River Laboratory
Animal Resources (OrientBio, Sungnam, Korea). All animals were maintained in a specific-pathogen
free (SPF) room with a 12 h light/dark cycle under automatically controlled temperature (23 ± 0.5 ◦C)
and humidity (55 ± 2%) conditions. Tap water and rodent chow were provided ad libitum. All animals
were acclimated for 1 week before experiments. The experimental protocol was approved for ethical
procedures and scientific care by the Sungkyunkwan University Institutional Animal Care and Use
Committee (SKKUIACUC2018-08-13-2).

CDDP (6 mg/kg) was dissolved in normal saline (0.9% sodium chloride) and intraperitoneally
(i.p.) injected into rats once over 10 days to induce kidney injury. Then, the rats were divided into
four groups (n = 6 per group), as shown in Figure 1. These groups included: Vehicle control (normal
saline, i.p.), CDDP (6 mg/kg, i.p.), pretreatment with CDDP (6 mg/kg) 1 h prior to the administration
of DM (25 mg/kg/kg), and DM alone (25 mg/kg, dissolved in deionized distilled water). At the
end of the experiment, all animals were sacrificed after fasting for 24 h. The kidney was isolated
for histological and other analyses. After the collection of blood samples at 60 min, serum was
separated by centrifugation at 4000 rpm. Kidney and serum samples were immediately stored at
−80 ◦C until analysis.

2.5. Urinalysis and Serum Biochemical Analysis

For urine collection, the animals were moved into a metabolic cage for 24 h before euthanizing.
Total urine samples were collected over a 24 h period, and the exact urine volume was recorded.
The urine samples were immediately centrifuged at 900× g for 10 min to remove impurities. Urine
stored at −80 ◦C was slowly dissolved at 4 ◦C to use for analysis. The rats were fasted overnight and
anesthetized by exposure to CO2. Blood was collected from the abdominal aorta and immediately
centrifuged for 10 min at 1500× g. The serum samples were then immediately stored at −80 ◦C until
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analysis. Biochemical analysis of various parameters, including sCr and BUN, was performed using a
Hitachi 912 Automatic Analyzer (Roche Diagnostics, Sandhofer, Mannheim, Germany).

2.6. Histopathological Examination

Sections of the left kidney were fixed in 10% neutral phosphate-buffered formalin (pH 7.4) and
dehydrated through ascending grades of alcohol and embedded in paraffin. Tissues were sliced into
approximately 5 µm thick sections and deparaffinized with xylene (3 × 7 min). The sections were
rehydrated in a graded alcohol series, washed with deionized water, and stained with Haemotoxylin
and Eosin (H&E) (Sigma-Aldrich, St. Louis, MO, USA) for 8 min. The slices were then washed under
running tap water for 5 min and rinsed with 10 drops of 95% alcohol. After washing with alcohol,
the sections were counterstained in eosin-phloxine solution for 1 min, dehydrated using 95% alcohol,
with two changes of absolute alcohol for 5 min, and cleared in two changes of xylene for 5 min.
Finally, the tissues were mounted with a xylene-based mounting medium. The histopathological
findings were determined by examining the samples through a light microscope (Nanoscope Systems,
Daejeon, Korea).

2.7. Determination of Antioxidant Enzyme Activity

Catalase content was measured following the manufacturer’s instructions for the assay kit
(Abcam, Cambridge, MA, USA). Kidney tissues were washed with Phosphate-buffered saline (PBS),
homogenized in ice-cold assay buffer, and centrifuged (10,000× g) for 15 min at 4 ◦C. The supernatant was
transferred to a new sterile tube and stored at 4 ◦C. Catalase was measured using a UV spectrophotometer
at 570 nm. Catalase activity was expressed as nmol/min/mL protein and quantitated using a standard
curve. SOD content was measured using the manufacturer’s analytical kit (Cayman chemical, Ann
Arbor, Michigan, USA). Kidney tissues were washed with PBS, homogenized in HEPES buffer
(containing EGTA, mannitol, sucrose, pH 7.2) and centrifuged at 1500× g for 5 min at 4 ◦C. Each sample
was added to the kidney tissue samples and the SOD content was measured at 440 nm. SOD was
expressed as U/mL and quantified using a standard curve. SOD (U/mL) = [(Sample linearized rate
(LR) – y− intercept/slope) × 0.23 mL/0.01 mL] × sample dilution.

2.8. Analysis of Inflammatory Cytokines

The effects of DM extracts on the levels of CDDP-induced inflammatory cytokines were
measured by ELISA assay kits (Abcam). All cytokine-based assays were performed according
to the manufacturer’s instructions. Key cytokines including TNF-α, IL-1β, IL-6, and IL-10 levels were
assessed from standard plots.

2.9. Western Blot Analysis

Frozen urine was thawed approximately 1 h before analysis; thereafter, it was vortexed and
centrifuged at 3000× g to filter out impurities. Frozen kidney samples were homogenized in
PRO-PREPTMTM protein extract solution (iNtRON, Seongnam, Korea) and centrifuged at 12,000× g
for 10 min. Protein concentrations were measured using a protein assay kit (Bio-Rad, Hercules, CA,
USA) according to the manufacturer’s instructions. Equal amounts of protein (10 µg) were loaded
onto 6–15% SDS-PAGE gel. After electrophoresis, the gels were transferred to a polyvinylidene
difluoride (PVDF) membrane (Millipore, Billerica, MA, USA). After transfer, the membranes were
blocked at 25 ◦C for 1 h using 10 mM Tris-Cl, pH 7.6, 100 mM NaCl, and 0.5% Tween 20 (TNT buffer)
containing 5% skim milk. Then, the membrane was incubated with primary antibodies against KIM-1
(1:500), SBP1 (1:500), and NGAL (1:500) at 4 ◦C for overnight and washed twice, for 1 min each time.
Subsequently, membranes were incubated with anti-mouse IgG (1:20,000) or anti-rabbit IgG (1:20,000)
horseradish peroxidase (HRP)-conjugate for 60 min at room temperature. Once incubated with the
secondary antibody, membranes were washed once for 1 min and twice for 10 min with PBS-Tween 20.
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Finally, the blots were developed by using an enhanced chemiluminescence (ECL)-plus kit (Amersham
Biosciences, Amersham, Buckinghamshire, UK).

2.10. Immunohistochemical Examination

Slide sections of kidney and tumor tissues were treated with xylene and ethanol and then boiled
in sodium citrate buffer for 20 min. Tissue sections were treated with 5% H2O2 for 15 min to inactivate
endogenous peroxidase. Kidney slides were reacted with KIM-1 (1:1000), SBP1 (1:1000), and NGAL
(1:1000) antibodies. Slides were reacted with Ki-67 (1:1000) at 4 ◦C for 24 h. The secondary anti-rabbit
IgG (VECTOR laboratories, Burlingame, CA, USA) was allowed to react at room temperature for
30 min. HRP-streptavidin reagent (VECTOR laboratories) was reacted at room temperature for 30 min.
Following staining by DAB (Dako, Agilent, Santa Clara, CA, USA) and hematoxylin (Dako), the slides
were fixed on a cover glass using a mounting solution after ethanol and xylene treatment. Slides were
observed at 200×magnification by a confocal K1-fluo microscope (Nanoscope Systems, Daejeon, Korea).

2.11. TUNEL Assay

Apoptosis was evaluated according to the TUNEL method using the DeadEnd™ Colorimetric
TUNEL System (Promega, Madison, Wisconsin, USA). The kidney sections were deparaffinized with
xylene and rehydrated through a graded series of ethanol and digested with proteinase K (20 µg/mL)
for 20 min. The sections were washed twice in PBS and incubated with reaction buffer for 5 min.
dUTP-digoxigenin was incorporated in the presence of working-strength terminal deoxynucleotide
transferase (TdT) for 1 h at 37 ◦C in a humidified chamber. After the reaction was terminated using
stop-wash buffer, the anti-digoxigenin conjugate was applied and the color was allowed to develop in
3,3′-diaminobenzidine hydrochloride (DAB) with hydrogen peroxide as the substrate for 30 min in the
dark. The sections were washed in running buffer for 5 min and counterstained with haematoxylin for
5 min. Finally, slides were observed at 100×magnification using a K1-fluo microscope (Nanoscope
Systems, Daejeon, Korea).

2.12. In Vivo Tumor Xenograft Model

Four-week-old male BALB/c nude mice weighing approximately 20 g (Japan SLC Inc., Hamamatsu,
Shizuoka, Japan) were housed under controlled temperature conditions (22 ± 2 ◦C) and a 12 h
light/dark cycle in laminar flow cabinets with filtered air. The mice were handled using aseptic
procedures. The experimental procedure was approved by the Institutional Animal Care Committee
of Sungkyunkwan University (SKKUIACUC2018-11-01-1). Mice were injected subcutaneously with
HCT-116 cells (2 × 107 cell/0.1 mL) in serum-free medium containing 50% Matrigel™ (BD Biosciences,
Franklin Lakes, NJ, USA). Mice were divided into 4 groups (6 animals per group): (a) Treatment with
0.2 mL PBS vehicle; (b) CDDP treatment (4 mg/kg, i.p.); (c) administration of both DM (25 mg/kg/day,
oral gavage) + CDDP (4 mg/kg, i.p.); and (d) administration of DM (25 mg/kg/day) by oral gavage.
CDDP was injected once per week for 30 days. DM was administered daily for 30 days by oral gavage.
Tumor volume (V) was calculated using the standard formula, V (mm3) = 0.52 (ab2), where a is the
length and b is the width of the tumor. Body weight was recorded before drug administration and at
the time of experiment termination. On day 31, the mice were euthanized by CO2 asphyxiation.

2.13. Statistical Analysis

Statistical analyses were performed using GraphPad Prism (version 5.0 for Windows) statistical
software package (GraphPad Software, San Diego, CA, USA). The data are presented as the mean ±
standard deviation (SD). One-way analysis of variance (ANOVA) and Bonferroni tests were used to
determine the level of significance among the group. p < 0.05 was considered significantly different.
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3. Results

3.1. Phytochemical Characterization of DM

To characterize the DM, the major peaks were identified using reversed-phase HPLC analysis.
Further, three major peaks were observed in the HPLC-UV chromatogram of DM (Figure 2A) and were
identified as neochlorogenic acid, syringin, and chlorogenic acid by comparing their standard materials
(Figure 2B,C). Using regression equations of the three compounds, the contents of neochlorogenic
acid, syringin, and chlorogenic acid in the DM were calculated as 90.43, 33.24, and 125.23 µg/mL,
respectively (Figure 2D).

Fig. 2 

A 

B 

C 

D 

Regression equations and correlation coefficients (R2) for three standards 

Compounds Regression equations Correlation coefficients (R2) 

Neochlorogenic acid y = 0.0212x – 0.0066 0.9999 

Syringin y = 0.0336x + 0.5275 0.9994 

Chlorogenic acid y = 0.0273x + 0.3296 0.9997 

Figure 2. Phytochemical characterization of DM by HPLC analysis. (A) HPLC-UV chromatogram
for DM; (B) HPLC-UV chromatogram for three standard compounds (neochlorogenic acid, syringin,
and chlorogenic acid); (C) chemical structures of three major compounds in DM. (D) Regression
equations and correlation coefficients (R2) for the three standard compounds. HPLC analysis was
carried out via gradient elution on a Phenomenex Kinetex C18 column (150 × 4.6 mm, 5 µm). The flow
rate, column oven temperature, and UV wavelength for detection were set at 1 mL/min, 30 ◦C,
and 254 nm, respectively.

3.2. Effects of DM on Body and Kidney Weight Changes in CDDP-Treated Rats

Rats in the CDDP-treated group presented a significant decrease in body weight (Figure 3A).
The liver weight did not change in any of the experiment groups (Figure 3B). However, kidney weights
were considerably increased in the CDDP-treated group compared with the control group. In the DM
group, the kidney weight was significantly reduced compared with that in the CDDP group (Figure 3C).
Therefore, these results indicate that DM may protect against CDDP-induced kidney injury in rats.

3.3. Protective Effect of DM on CDDP-Induced AKI

As shown in Figure 4A, renal injury biomarkers (BUN and sCr levels) were significantly increased
in the CDDP-treated group compared with the control group. These results indicate the presence
of severe AKI in rats after CDDP (6 mg/kg, i.p.) injection. Administration with DM significantly
ameliorated BUN and sCr levels in CDDP-treated rats. However, no changes in BUN and sCr
were observed following DM administration alone. For histopathological examination, the proximal
tubules and glomerular damages were visualized using H&E staining. In the control group, normal
morphology in the glomeruli and the proximal tubules, as well as the vessels, were clearly shown in
the kidneys of rats (Figure 4B). However, abnormal injuries such as hydropic swelling and hypertrophy
in proximal tubules were observed in the kidneys of CDDP-treated rats. DM administration markedly
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protected CDDP-induced proximal tubular damage and disruption of renal architecture. Taken together,
these data indicate that DM administration showed protective effects against CDDP-induced proximal
tubular epithelial cell damage. In the rats administered DM alone, no changes in the structure or signs
of renal damage were observed. The histological examination results were very similar to the observed
serum biochemical parameters.
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Figure 3. Effects of DM on changes in body, liver, and kidney weights in rats treated with CDDP.
(A) Body weight changes in CDDP-treated rats. (B) Liver weight in CDDP-treated rats. (C) Kidney
weight in CDDP-treated rats. All values represent the mean ± Standard Deviation (SD) of six rats per
group. Statistical analyses were performed by one-way ANOVA followed by Tukey’s HSD (honest
significant difference) post hoc test for multiple comparisons. ## p < 0.01 compared to the control group;
** p < 0.01 compared to the CDDP-treated group.

3.4. Effect of DM on the Urinary Excretion of AKI Biomarkers in CDDP-Treated Rats

The urinary excretion of AKI biomarkers was measured by Western blotting. As shown in
Figure 5A, CDDP (6 mg/kg) treatment significantly increased the urinary excretion of KIM-1, NGAL,
TIMP-1, and SBP1 compared with the controls. However, the administration of DM (25 mg/kg)
markedly reduced the urinary excretion of these biomarkers in CDDP-treated rats. In immunochemical
staining, KIM-1 and SBP1 levels were mainly expressed in the damaged proximal tubules of the kidney
(Figure 5B). Similar to the changes in urinary biomarkers, KIM-1 and SBP1 were highly expressed in
the kidney of CDDP-treated animals. However, DM administration markedly reduced the expression
of KIM-1 and SBP1 in the kidneys of rats. Therefore, KIM-1 and SBP1 proteins were found to be
significantly excreted in the urine according to the degree of kidney damage.

3.5. Effect of DM on Antioxidant Enzyme Activity and Pro-Inflammatory Cytokines in CDDP-Treated Rats

The effects of DM on CDDP-induced oxidative stress were measured in the kidney.
The CDDP-treated group presented significant reductions in SOD and catalase activities (Figure 6).
However, administration of DM markedly elevated the antioxidant enzymes activity reduced in
response to CDDP-induced oxidative stress. Previous studies indicated that D. morbifera extract
was effective in attenuating the inflammatory response [19–21]. As demonstrated in Figure 6, levels
of pro-inflammatory cytokines such as TNF-α, IL-1β, and IL-6 were significantly increased in the
CDDP-treated group, with a 1.5-fold induction in the levels of these cytokines. However, administration
of DM exerted a significant inhibitory effect on pro-inflammatory cytokines in CDDP-treated rats
(Figure 6). IL-10 levels were significantly reduced in CDDP-treated rats by DM administration.
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3.4. Effect of DM on the Urinary Excretion of AKI Biomarkers in CDDP-Treated Rats 

The urinary excretion of AKI biomarkers was measured by Western blotting. As shown in 
Figure 5A, CDDP (6 mg/kg) treatment significantly increased the urinary excretion of KIM-1, NGAL, 
TIMP-1, and SBP1 compared with the controls. However, the administration of DM (25 mg/kg) 
markedly reduced the urinary excretion of these biomarkers in CDDP-treated rats. In 
immunochemical staining, KIM-1 and SBP1 levels were mainly expressed in the damaged proximal 
tubules of the kidney (Figure 5B). Similar to the changes in urinary biomarkers, KIM-1 and SBP1 
were highly expressed in the kidney of CDDP-treated animals. However, DM administration 

Figure 4. Effects of DM on CDDP-induced nephrotoxicity in rats. (A) Serum biochemical parameters
were measured in CDDP-treated rats. Values are the mean ± SD of six rats per group. Statistical
analyses were performed using one-way ANOVA followed by Tukey’s HSD post hoc test for multiple
comparisons. ## p < 0.01 compared to the control group; ** p < 0.01 compared to the CDDP-treated
group. (B) H&E staining of representative kidney tissues from all experimental groups. Black arrows
indicate renal tissue necrosis and infiltration in the proximal tubules. Magnification ×100.
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markedly reduced the expression of KIM-1 and SBP1 in the kidneys of rats. Therefore, KIM-1 and 
SBP1 proteins were found to be significantly excreted in the urine according to the degree of kidney 
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3.5. Effect of DM on Antioxidant Enzyme Activity and Pro-Inflammatory Cytokines in CDDP-Treated Rats 

The effects of DM on CDDP-induced oxidative stress were measured in the kidney. The 
CDDP-treated group presented significant reductions in SOD and catalase activities (Figure 6). 
However, administration of DM markedly elevated the antioxidant enzymes activity reduced in 
response to CDDP-induced oxidative stress. Previous studies indicated that D. morbifera extract was 
effective in attenuating the inflammatory response [19–21]. As demonstrated in Figure 6, levels of 
pro-inflammatory cytokines such as TNF-α, IL-1β, and IL-6 were significantly increased in the 
CDDP-treated group, with a 1.5-fold induction in the levels of these cytokines. However, 
administration of DM exerted a significant inhibitory effect on pro-inflammatory cytokines in 
CDDP-treated rats (Figure 6). IL-10 levels were significantly reduced in CDDP-treated rats by DM 
administration. 

Figure 5. Effect of DM on acute kidney injury biomarkers in CDDP-treated rats. (A) Changes in
the urinary excretion of KIM-1, NGAL, TIMP-1, and SBP1. The Western blot results represent three
separate experiments. (B) Immunohistochemical staining of KIM-1 and SBP1 in the kidney of the rat.
Magnification ×100.
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Figure 6. Effect of DM on antioxidant enzyme activities and pro-inflammatory cytokine levels in
CDDP-treated rats. The activities of superoxide dismutase (SOD) and catalase were measured in the
kidney of rats. Pro-inflammatory cytokines levels were measured in the serum of rats. Values are the
mean ± SD of six rats per group. Statistical analyses were performed using one-way ANOVA followed
by Tukey’s HSD post hoc test for multiple comparisons. # p < 0.05 and ## p < 0.01 compared to the
control group; * p < 0.05 and ** p < 0.01 compared to the CDDP-treated group.

3.6. Effect of DM on Apoptosis in the Kidney of CDDP-Treated Rats

To investigate the CDDP-induced renal damage, apoptosis-related proteins were measured in
the kidney. We clearly observed that significant increases in the expression of p53 and Bax proteins
levels in kidney tissue of rats treated with CDDP (Figure 7A,B). In contrast, Bcl-2 expression was
significantly reduced in CDDP-treated rats. However, administration of DM markedly ameliorated
the expression of CDDP-induced apoptosis-related proteins. CDDP-induced apoptosis in the kidney
was also confirmed using the TUNEL assay on kidney sections. As shown in Figure 7C, a significant
increase in the number of TUNEL-positive cells was found in the kidneys of rats treated with CDDP.
However, DM administration dramatically reduced the number of TUNEL-positive cells, indicating
that DM has antiapoptotic properties against CDDP-induced renal injury.

3.7. Renoprotective Effects of DM on CDDP-Induced Tumor Xenograft Model

To evaluate the anticancer effects of CDDP in a xenograft tumor model, nude mice were inoculated
with HCT-116 cells and treated with CDDP (4 mg/kg, i.p., once per week) or DM (25 mg/kg/day)
for four weeks. Animals in the CDDP-treated group showed a significant decrease in body weight
(Figure 8A). In CDDP-treated groups, tumor volumes and tumor weights were significantly reduced
relative to the control group. Administration of DM dramatically suppressed tumor growth in a similar
pattern to that observed in CDDP-treated animals (Figure 8B,C). Immunochemical staining revealed
that the antitumor activity of CDDP and DM against colon tumor cell proliferation is related to a
reduction in Ki-67 in tumor tissues (Figure 8D). These results indicate that combination treatment with
DM and CDDP leads to a potentiation of CDDP-mediated anticancer activity. Therefore, DM did not
interfere with the anticancer efficacy of CDDP in the tumor xenograft model.
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Figure 7. Effects of DM on apoptosis in the kidney of CDDP-treated rats. (A) The expression of p53, Bax,
and Bcl-2 in the kidney of CDDP-treated rats was measured by Western blot analysis. β-Actin expression
was used as the loading control. The Western blot results represent three separate experiments. Each
group of blots is the same exposure of a gel; each experiment was repeated more than three times.
(B) Representative graphs indicated the fold changes of Western blot data. Values are the mean ±
SD of triplicate experiments. Statistical analyses were performed using one-way ANOVA followed
by Tukey’s HSD post hoc test for multiple comparisons. ## p < 0.01 compared to the control group;
* p < 0.05 and ** p < 0.01 compared to the CDDP-treated group. (C) Detection of apoptosis via TUNEL
assay in the kidney tissues of rats. Black arrowheads represent a high expression of TUNEL-positive
cells. Magnification ×100.

In the tumor xenograft model, kidney weights were significantly increased in the CDDP-treated
group compared with those in the control group. However, administration of DM reduced kidney
weight to levels similar to those of the control group (Figure 9A). Therefore, these data indicate that DM
protects against kidney damage induced by CDDP in tumor models. Serum BUN and sCr levels were
also significantly increased in the CDDP-treated group compared with the control group (Figure 9A).
These results indicate the presence of severe kidney damage in tumor-bearing mice treated with
CDDP (4 mg/kg). Administration of DM significantly reduced the levels of BUN and sCr in mice
treated with CDDP. No changes in BUN or sCr were observed following treatment with DM alone
(Figure 9A). Similar to the results of the rat study, administration of DM significantly reduced the
levels of pro-inflammatory cytokines in the tumor xenograft model by CDDP treatment (Figure 9B).
As shown in Figure 9F, DM dramatically protected against CDDP-induced proximal tubular damage
and disruption of renal architecture.

To assess the expression of KIM-1 and SBP1 mediated by CDDP in kidney tissues of tumor-bearing
mice, protein levels of KIM-1 and SBP1 were assessed through Western blot analysis (Figure 10A).
The expression levels of NGAL, KIM-1, and SBP1 were observed in the kidneys of tumor-bearing mice.
As shown in Figure 10A,B, CDDP (4 mg/kg) treatment significantly increased the expression of KIM-1
and SBP1 compared with the controls. However, administration of the DM extract markedly reduced
NGAL and SBP1 levels in CDDP-treated tumor-bearing mice. We also measured the expression of this
biomarker via immunochemical staining (Figure 10C). NGAL, KIM-1, and SBP1 levels were mainly
expressed in the damaged proximal tubules of the kidney. In particular, KIM-1 and SBP1 were highly
expressed in the damaged proximal tubular area.
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indicate that combination treatment with DM and CDDP leads to a potentiation of CDDP-mediated 
anticancer activity. Therefore, DM did not interfere with the anticancer efficacy of CDDP in the 
tumor xenograft model. 
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In the tumor xenograft model, kidney weights were significantly increased in the 
CDDP-treated group compared with those in the control group. However, administration of DM 
reduced kidney weight to levels similar to those of the control group (Figure 9A). Therefore, these 
data indicate that DM protects against kidney damage induced by CDDP in tumor models. Serum 
BUN and sCr levels were also significantly increased in the CDDP-treated group compared with the 

Figure 8. Effect of DM on CDDP-induced nephrotoxicity in tumor xenograft mice. (A) Effect of DM on
body weight changes in tumor xenograft mice treated with CDDP. (B) Each graph indicates the mean
tumor volumes in tumor xenograft mice after treatment with drugs for 30 days. (C) Each bar represents
the mean tumor weight. Statistical analyses were performed using one-way ANOVA followed by
Tukey’s HSD post hoc test for multiple comparisons. ## p < 0.01 compared to the control group.
(D) Immunohistochemical staining for Ki-67 in tumor tissues. Magnification ×100, Scale bar = 100 µm.
Representative immunohistochemical images were captured under a 40× objective lens.
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control group (Figure 9A). These results indicate the presence of severe kidney damage in 
tumor-bearing mice treated with CDDP (4 mg/kg). Administration of DM significantly reduced the 
levels of BUN and sCr in mice treated with CDDP. No changes in BUN or sCr were observed 
following treatment with DM alone (Figure 9A). Similar to the results of the rat study, 
administration of DM significantly reduced the levels of pro-inflammatory cytokines in the tumor 
xenograft model by CDDP treatment (Figure 9B). As shown in Figure 9F, DM dramatically protected 
against CDDP-induced proximal tubular damage and disruption of renal architecture.  

 

Figure 9. Protective effect of DM on CDDP-induced nephrotoxicity in tumor xenograft mice 
transfected with HCT-116 cells. (A) Kidney weight, nephrotoxicity biomarkers, and inflammatory 
cytokine levels were measured in the serum of tumor-bearing mice treated with CDDP. Values are 
the mean ± SD of six mice per group. Statistical analyses were performed using one-way ANOVA 
followed by Tukey’s HSD post hoc test for multiple comparisons. ## p <0.05 and ## p <0.01 compared to 
the control group; *p <0.05 and **p <0.01 compared to the CDDP-treated group. (B) Representative 
histology of H&E-stained kidney sections in the experimental groups of a tumor xenograft mouse 
model. At 31 days, CDDP-induced acute kidney injury (AKI) mice presented an enlarged cortex with 
glomerular sclerosis (arrowheads). The cortex from CDDP-treated mice exhibited a normal-sized 
renal cortex and a lower incidence of tubular and medulla injury and displayed a normal histological 
structure of thin tubules and collecting ducts. Images are representative of three animals per 
experimental group (magnification ×100, bar = 100 µm). 

To assess the expression of KIM-1 and SBP1 mediated by CDDP in kidney tissues of 
tumor-bearing mice, protein levels of KIM-1 and SBP1 were assessed through Western blot analysis 
(Figure 10A). The expression levels of NGAL, KIM-1, and SBP1 were observed in the kidneys of 
tumor-bearing mice. As shown in Figure 10A,B, CDDP (4 mg/kg) treatment significantly increased 
the expression of KIM-1 and SBP1 compared with the controls. However, administration of the DM 
extract markedly reduced NGAL and SBP1 levels in CDDP-treated tumor-bearing mice. We also 
measured the expression of this biomarker via immunochemical staining (Figure 10C). NGAL, 
KIM-1, and SBP1 levels were mainly expressed in the damaged proximal tubules of the kidney. In 
particular, KIM-1 and SBP1 were highly expressed in the damaged proximal tubular area.  

Figure 9. Protective effect of DM on CDDP-induced nephrotoxicity in tumor xenograft mice transfected
with HCT-116 cells. (A) Kidney weight, nephrotoxicity biomarkers, and inflammatory cytokine levels
were measured in the serum of tumor-bearing mice treated with CDDP. Values are the mean ± SD of
six mice per group. Statistical analyses were performed using one-way ANOVA followed by Tukey’s
HSD post hoc test for multiple comparisons. ## p < 0.05 and ## p < 0.01 compared to the control
group; * p < 0.05 and ** p < 0.01 compared to the CDDP-treated group. (B) Representative histology of
H&E-stained kidney sections in the experimental groups of a tumor xenograft mouse model. At 31
days, CDDP-induced acute kidney injury (AKI) mice presented an enlarged cortex with glomerular
sclerosis (arrowheads). The cortex from CDDP-treated mice exhibited a normal-sized renal cortex
and a lower incidence of tubular and medulla injury and displayed a normal histological structure of
thin tubules and collecting ducts. Images are representative of three animals per experimental group
(magnification ×100, bar = 100 µm).
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CDDP-treated group. (C) Representative immunohistochemical staining of KIM-1, NGAL, and SBP1 
in the kidney of mice with CDDP-induced nephrotoxicity. Original magnification ×100, scale bar: 50 
µm. 
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The kidney is one of the organs most vulnerable to CDDP-induced complications [22,23]. In 
order to prevent CDDP-induced AKI without affecting the therapeutic index, novel strategies have 
been investigated in cancer patients receiving CDDP chemotherapy [24–26]. However, no specific 
recommended drugs have been introduced. Recently, various drug manipulations have been 
proposed for protection against CDDP-induced AKI, including N-acetylcysteine, theophylline, and 
antioxidants. However, no treatments have been established that have no effect on the therapeutic 
efficacy of CDDP, and no clinical trials have demonstrated a protective effect of such treatments on 
CDDP-induced AKI. 

D. morbifera exerts anti-inflammatory and antioxidant properties in various pathologies [17,18]. 
Nevertheless, the protective effects of the aquatic extracts from this plant against CDDP-induced 
AKI have not been investigated. Only a few studies have indicated the renoprotective effects of D. 
morbifera against CDDP- or cadmium-induced nephrotoxicity [27,28]. Therefore, we investigated the 
renoprotective effects of DM in CDDP-induced AKI through a comparison of renal injury 
biomarkers and antioxidant properties. To the best of our knowledge, this is the first study to 
demonstrate the protective effects of DM extracts against CDDP-induced AKI without affecting the 
anticancer therapeutic efficacy of CDDP. 

In this study, exposure to a therapeutic dose of CDDP (6 mg/kg, i.p.) markedly induced AKI, as 
assessed by changes in the expression of renal function biomarkers such as sCr and BUN, which 
were significantly increased in CDDP-treated rats. Furthermore, rats with CDDP-induced AKI 
presented significant increases in relative kidney weight, urinary excretion of KIM-1, SBP1, NGAL, 
inflammatory cytokines, and fibrosis biomarkers, which are indicative of renal dysfunction. In 
contrast, DM administration markedly reduced these AKI biomarkers and protected against the 
development of AKI induced by CDDP. To investigate whether DM extract could attenuate 

Figure 10. Protective effect of DM on nephrotoxicity biomarkers in CDDP-induced nephrotoxicity in
tumor xenograft mice transfected with HCT-116 cells. (A) Nephrotoxicity biomarkers were measured
in the kidney of mice. Representative Western blots of NGAL, KIM-1, and SBP1 from triplicate
experiments are shown. (B) Densitometric analysis showed the expression of SBP1, KIM-1, and NGAL
in the kidney of mice with CDDP-induced nephrotoxicity. ** p < 0.01 compared to the CDDP-treated
group. (C) Representative immunohistochemical staining of KIM-1, NGAL, and SBP1 in the kidney of
mice with CDDP-induced nephrotoxicity. Original magnification ×100, scale bar: 50 µm.

4. Discussion

The kidney is one of the organs most vulnerable to CDDP-induced complications [22,23].
In order to prevent CDDP-induced AKI without affecting the therapeutic index, novel strategies
have been investigated in cancer patients receiving CDDP chemotherapy [24–26]. However, no specific
recommended drugs have been introduced. Recently, various drug manipulations have been proposed
for protection against CDDP-induced AKI, including N-acetylcysteine, theophylline, and antioxidants.
However, no treatments have been established that have no effect on the therapeutic efficacy of CDDP,
and no clinical trials have demonstrated a protective effect of such treatments on CDDP-induced AKI.

D. morbifera exerts anti-inflammatory and antioxidant properties in various pathologies [17,18].
Nevertheless, the protective effects of the aquatic extracts from this plant against CDDP-induced
AKI have not been investigated. Only a few studies have indicated the renoprotective effects of
D. morbifera against CDDP- or cadmium-induced nephrotoxicity [27,28]. Therefore, we investigated the
renoprotective effects of DM in CDDP-induced AKI through a comparison of renal injury biomarkers
and antioxidant properties. To the best of our knowledge, this is the first study to demonstrate
the protective effects of DM extracts against CDDP-induced AKI without affecting the anticancer
therapeutic efficacy of CDDP.

In this study, exposure to a therapeutic dose of CDDP (6 mg/kg, i.p.) markedly induced AKI,
as assessed by changes in the expression of renal function biomarkers such as sCr and BUN, which were
significantly increased in CDDP-treated rats. Furthermore, rats with CDDP-induced AKI presented
significant increases in relative kidney weight, urinary excretion of KIM-1, SBP1, NGAL, inflammatory
cytokines, and fibrosis biomarkers, which are indicative of renal dysfunction. In contrast, DM
administration markedly reduced these AKI biomarkers and protected against the development of
AKI induced by CDDP. To investigate whether DM extract could attenuate CDDP-induced AKI, we
measured sensitive biomarkers for nephrotoxicity in the urine. Similar to the changes in BUN and
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sCr, the levels of KIM-1, NGAL, TIMP-1, and SBP1 were markedly reduced in CDDP-treated rats
following DM administration. These results are consistent with those of our previous study showing
that the urinary excretion of AKI biomarkers was significantly elevated after CDDP exposure [29].
These protein-based biomarkers were observed in the urine following injury to the proximal tubule,
in which the loss of reabsorption is generally indicative of injury to the tubular epithelium [30–32].
In this study, administration of DM protected against CDDP-induced AKI, indicating that the urinary
excretion of KIM-1, NGAL, and TIMP-1 was significantly reduced in CDDP-treated rats.

Although the pathological mechanisms underlying CDDP-induced AKI are unknown, oxidative
and inflammatory stress have been widely researched. Several inflammatory cytokines and chemokines
are elevated in rats with CDDP-induced nephrotoxicity [33–35]. Our results also indicated that CDDP
can induce the production of TNF-α, IL-1β, and IL-6 in the serum of rats. These results are similar to
those previously reported showing that CDDP can induce the production of TNF-α, IL-1β, and IL-6
and decrease antioxidant enzyme activity [36]. However, this increase was only small compared
with the control values. We also found that DM administration significantly reduced CDDP-induced
increases in pro-inflammatory cytokines. The present results clearly indicate a substantial degree
of oxidative stress in renal tissues of CDDP-treated mice. This was demonstrated by a significant
reduction of SOD and catalase activities in the kidney tissues. CDDP affects multiple enzymes that
protect cells from oxidative damage, including Cu, Zn-SOD, Mn-SOD, and catalase [37]. Decreased
SOD activity, as observed in this study, could lead to incomplete scavenging of superoxide anions
produced by CDDP accumulation in the kidney. Conversely, the decrease in catalase activity after
CDDP administration could account for the inability of the kidney to eliminate and scavenge reactive
oxygen species (ROS). Additionally, the oxidative stress observed in the current study may target
multiple molecules in the cells and damage structural components in cells, such as lipids, proteins,
and other organelles, with mitochondria being among the most affected.

Oxidative stress plays an important role in the pathogenesis of CDDP-induced renal injury through
the production of ROS [38–40]. The enhanced level of oxidative stress in the kidney of CDDP-treated
rats was associated with a significant increase in apoptosis. To confirm the CDDP-induced apoptosis,
we measured the population of apoptotic cells using the TUNEL assay. In CDDP-treated kidney
sections, a significant increase in TUNEL-positive cells was observed. Furthermore, administration of
DM extract conferred protection against apoptotic cell death in the kidneys of rats in the CDDP-induced
AKI group. Administration of DM extract significantly reduced the number of TUNEL-positive
cells in the kidneys of rats or in tumor-bearing mice by CDDP treatment. Therefore, the present
results demonstrate that CDDP induces oxidative damage in rat kidney, as evidenced by increased
numbers of TUNEL-positive cells found by immunohistochemical (IHC) analysis. Oxidative stress
is an important driver of CDDP-induced nephrotoxicity [41,42]. In a tumor xenograft model, we
further demonstrated that DM extract significantly reduced the urinary excretion of KIM-1 and
SBP1 in tumor xenograft mice by CDDP-mediated chemotherapy. Furthermore, we showed that
pro-inflammatory cytokines are effective targets against renal injury in CDDP chemotherapy. Therefore,
DM extract inhibits the production of pro-inflammatory cytokines and protects against CDDP-induced
renal injury. The major components of DM extract are chlorogenic acid and neochlorogenic acid,
which are among the most abundant polyphenol compounds in the diet. The renoprotective effect
of DM extract may also be attributed to their antioxidant properties. However, DM extracts contain
a large number of different types of compounds; therefore, further isolation work still needs to be
undertaken to elucidate their anti-inflammatory properties. Overall, these findings suggest that DM
extracts attenuate CDDP-induced AKI and that this protection may be due to their antioxidative and
anti-inflammatory activities.

5. Conclusions

The renoprotective effect of DM against CDDP-induced nephrotoxicity was evaluated in both rat
and tumor xenograft mice models. The present study highlights the potential role of DM in alleviating
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CDDP-induced renal dysfunction without affecting its antitumor activity by reducing ROS formation,
reducing pro-inflammatory cytokine production, and inhibiting apoptosis in the kidney. Therefore,
our results reveal that DM might be suitable for the protection of CDDP-induced AKI in cancer patients,
without affecting chemotherapeutic efficacy.

Author Contributions: All the authors were involved in the development of the study protocol and the
experimental design. All the authors read, commented on, and contributed to the submitted manuscript. Sample
collection and experiments were performed by J.S.K., K.S.K., J.Y.S., H.R.K., J.H.P., S.H.L. and D.E.L. Data were
analyzed by J.S.K., K.S.K., and J.Y.S. The manuscript was written by J.S.K. and J.H.K. and finalized by I.S.K., K.Y.L.,
B.M.L., and H.S.K. The authors declare that they have no competing interests.

Funding: This work was supported by the National Research Foundation of Korea (NRF) grants funded by the
Korean Government (NRF-2018M3A9C8021792, NRF-2019R1A2C2002923, and NRF-2017R1D1A1B03036571).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Siddik, Z.H. Cisplatin: Mode of cytotoxic action and molecular basis of resistance. Oncogene 2003, 22,
7265–7279. [CrossRef] [PubMed]

2. Wang, D.; Lippard, S.J. Cellular processing of platinum anticancer drugs. Nat. Rev. Drug Discov. 2005, 4,
307–320. [CrossRef]

3. Cepeda, V.; Fuertes, M.A.; Castilla, J.; Alonso, C.; Quevedo, C.; Pe’rez, J.M. Biochemical mechanisms of
cisplatin cytotoxicity. Anticancer Agents Med. Chem. 2007, 7, 3–18. [CrossRef] [PubMed]

4. Meyer, K.B.; Madias, N.E. Cisplatin nephrotoxicity. Miner. Electrolyte Metab. 1994, 20, 201–213. [PubMed]
5. Miller, R.P.; Tadagavadi, R.K.; Ramesh, G.; Reeves, W.B. Mechanisms of Cisplatin Nephrotoxicity. Toxins

2010, 2, 2490–2518. [CrossRef] [PubMed]
6. Awdishu, L.; Mehta, R.L. The 6R’s of drug induced nephrotoxicity. BMC Nephrol. 2017, 18, 124. [CrossRef]

[PubMed]
7. Patzer, L. Nephrotoxicity as a cause of acute kidney injury in children. Pediatr. Nephrol. 2008, 23, 2159–2173.

[CrossRef] [PubMed]
8. Oh, G.S.; Kim, H.J.; Shen, A.; Lee, S.B.; Khadka, D.; Pandit, A.; So, H.S. Cisplatin-induced kidney dysfunction

and perspectives on improving treatment strategies. Electrolyte Blood Press. 2014, 12, 55–65. [CrossRef]
9. Dobyan, D.C.; Levi, J.; Jacobs, C.; Kosek, J.; Weiner, M.W. Mechanism of cis-platinum nephrotoxicity: II.

Morphologic observations. J. Pharmacol. Exp. Ther. 1980, 213, 551–556.
10. Gowda, S.; Desai, P.B.; Kulkarni, S.S.; Hull, V.V.; Math, A.A.K.; Vernekar, S.N. Markers of renal function tests.

N. Am. J. Med. Sci. 2010, 2, 170–173.
11. Dos Santos, N.A.; Carvalho Rodrigues, M.A.; Martins, N.M.; Dos Santos, A.C. Cisplatin-induced

nephrotoxicity and targets of nephroprotection: An update. Arch. Toxicol. 2012, 86, 1233–1250. [CrossRef]
[PubMed]

12. Stewart, J.D.; Bolt, H.M. Cisplatin-induced nephrotoxicity. Arch. Toxicol. 2012, 86, 1155–1156. [CrossRef]
[PubMed]

13. Lai, Y.C.; Lee, S.S. Chemical constituents from Dendropanax dentiger. Nat. Prod. Commun. 2013, 8, 363–365.
[CrossRef]

14. Moon, H.I. Antidiabetic effects of dendropanoxide from leaves of Dendropanax morbifera Leveille in normal
and streptozotocin induced diabetic rats. Hum. Exp. Toxicol. 2011, 30, 870–875. [CrossRef] [PubMed]

15. Park, B.Y.; Min, B.S.; Oh, S.R.; Kim, J.H.; Kim, T.J.; Kim, D.H.; Bae, K.H.; Lee, H.K. Isolation and anticomplement
activity of compounds from Dendropanax morbifera. J. Ethnopharmacol. 2004, 90, 403–408. [CrossRef] [PubMed]

16. Hyun, T.K.; Kim, M.O.; Lee, H.; Kim, Y.; Kim, E.; Kim, J.S. Evaluation of anti-oxidant and anti-cancer
properties of Dendropanax morbifera Léveille. Food Chem. 2013, 141, 1947–1955. [CrossRef]

17. Akram, M.; Kim, K.A.; Kim, E.S.; Syed, A.S.; Kim, C.Y.; Lee, J.S.; Bae, O.N. Potent anti-inflammatory and
analgesic actions of the chloroform extract of Dendropanax morbifera mediated by the Nrf2/HO-1 pathway.
Biol. Pharm. Bull. 2016, 39, 728–736. [CrossRef]

18. Yang, H.Y.; Kim, K.S.; Lee, Y.H.; Park, J.H.; Kim, J.H.; Lee, S.Y.; Kim, Y.M.; Kim, I.S.; Kacew, S.; Lee, B.M.; et al.
Dendropanax morbifera ameliorates thioacetamide-induced hepatic fibrosis via TGF-β1/Smads pathways.
Int. J. Biol. Sci. 2019, 15, 800–811. [CrossRef]

http://dx.doi.org/10.1038/sj.onc.1206933
http://www.ncbi.nlm.nih.gov/pubmed/14576837
http://dx.doi.org/10.1038/nrd1691
http://dx.doi.org/10.2174/187152007779314044
http://www.ncbi.nlm.nih.gov/pubmed/17266502
http://www.ncbi.nlm.nih.gov/pubmed/7845323
http://dx.doi.org/10.3390/toxins2112490
http://www.ncbi.nlm.nih.gov/pubmed/22069563
http://dx.doi.org/10.1186/s12882-017-0536-3
http://www.ncbi.nlm.nih.gov/pubmed/28372552
http://dx.doi.org/10.1007/s00467-007-0721-x
http://www.ncbi.nlm.nih.gov/pubmed/18228043
http://dx.doi.org/10.5049/EBP.2014.12.2.55
http://dx.doi.org/10.1007/s00204-012-0821-7
http://www.ncbi.nlm.nih.gov/pubmed/22382776
http://dx.doi.org/10.1007/s00204-012-0887-2
http://www.ncbi.nlm.nih.gov/pubmed/22696163
http://dx.doi.org/10.1177/1934578X1300800322
http://dx.doi.org/10.1177/0960327110382131
http://www.ncbi.nlm.nih.gov/pubmed/20716587
http://dx.doi.org/10.1016/j.jep.2003.11.002
http://www.ncbi.nlm.nih.gov/pubmed/15013208
http://dx.doi.org/10.1016/j.foodchem.2013.05.021
http://dx.doi.org/10.1248/bpb.b15-00823
http://dx.doi.org/10.7150/ijbs.30356


Antioxidants 2019, 8, 256 15 of 16

19. Choo, G.S.; Lim, D.P.; Kim, S.M.; Yoo, E.S.; Kim, S.H.; Kim, C.H.; Woo, J.S.; Kim, H.J.; Jung, J.Y.
Anti-inflammatory effects of Dendropanax morbifera in lipopolysaccharide-stimulated RAW264.7 macrophages
and in an animal model of atopic dermatitis. Mol. Med. Rep. 2019, 19, 2087–2096. [CrossRef]

20. Kang, M.J.; Kwon, E.B.; Ryu, H.W.; Lee, S.; Lee, J.W.; Kim, D.Y.; Lee, M.K.; Oh, S.R.; Lee, H.S.; Lee, S.U.; et al.
Polyacetylene from Dendropanax morbifera alleviates diet-induced obesity and hepatic steatosis by activating
AMPK signaling pathway. Front. Pharmacol. 2018, 9, 537. [CrossRef]

21. Birhanu, B.T.; Kim, J.Y.; Hossain, M.A.; Choi, J.W.; Lee, S.P.; Park, S.C. An in vivo immunomodulatory
and anti-inflammatory study of fermented Dendropanax morbifera Léveille leaf extract. BMC Complement.
Altern. Med. 2018, 18, 222. [CrossRef] [PubMed]

22. Manohar, S.; Leung, N. Cisplatin nephrotoxicity: A review of the literature. J. Nephrol. 2018, 31, 15–25.
23. Kim, J.S.; Son, J.Y.; Kim, K.S.; Lim, H.J.; Ahn, M.Y.; Kwack, S.J.; Kim, Y.M.; Lee, K.Y.; Lee, J.; Lee, B.M.; et al.

Hepatic damage exacerbates cisplatin-induced acute kidney injury in Sprague-Dawley rats. J. Toxicol. Environ.
Health Part A 2018, 81, 397–407. [CrossRef] [PubMed]

24. Horie, S.; Oya, M.; Nangaku, M.; Yasuda, Y.; Komatsu, Y.; Yanagita, M.; Kitagawa, Y.; Kuwano, H.;
Nishiyama, H.; Ishioka, C.; et al. Guidelines for treatment of renal injury during cancer chemotherapy 2016.
Clin. Exp. Nephrol. 2018, 22, 210–244. [CrossRef] [PubMed]

25. Wang, H.; Kong, L.; Zhang, J.; Yu, G.; Lv, G.; Zhang, F.; Chen, X.; Tian, J.; Fu, F. The pseudoginsenoside F11
ameliorates cisplatin-induced nephrotoxicity without compromising its anti-tumor activity in vivo. Sci. Rep.
2014, 4, 4986. [CrossRef] [PubMed]

26. He, L.; Zhang, Y.; Kang, N.; Wang, Y.; Zhang, Z.; Zha, Z.; Yang, S.; Xu, Q.; Liu, Y. Anemoside B4 attenuates
nephrotoxicity of cisplatin without reducing anti-tumor activity of cisplatin. Phytomedicine 2019, 56, 136–146.
[CrossRef] [PubMed]

27. Kim, E.S.; Lee, J.S.; Akram, M.; Kim, K.A.; Shin, Y.J.; Yu, J.H.; Bae, O.N. Protective activity of Dendropanax
morbifera against cisplatin-induced acute kidney injury. Kidney Blood Press. Res. 2015, 40, 1–12. [CrossRef]
[PubMed]

28. An, N.Y.; Kim, J.E.; Hwang, D.; Ryu, H.K. Anti-diabetic effects of aqueous and ethanol extract of Dendropanax
morbifera Leveille in streptozotocin-induced diabetes model. J. Nutr. Health 2014, 47, 394–402. [CrossRef]

29. Kim, K.S.; Yang, H.Y.; Song, H.; Kang, Y.R.; Kwon, J.; An, J.; Son, J.Y.; Kwack, S.J.; Kim, Y.M.; Bae, O.N.; et al.
Identification of a sensitive urinary biomarker, selenium-binding protein 1, for early detection of acute
kidney injury. J. Toxicol. Environ. Health A 2017, 80, 453–464. [CrossRef]

30. Cheon, J.H.; Kim, S.Y.; Son, J.Y.; Kang, Y.R.; An, J.H.; Kwon, J.H.; Song, H.S.; Moon, A.; Lee, B.M.; Kim, H.S.
Pyruvate kinase M2: A novel biomarker for the early detection of acute kidney injury. Toxicol. Res. 2016, 32,
47–56. [CrossRef]

31. Hoffmann, D.; Fuchs, T.C.; Henzler, T.; Matheis, K.A.; Herget, T.; Dekant, W.; Hewitt, P.; Mally, A. Evaluation
of a urinary kidney biomarker panel in rat models of acute and subchronic nephrotoxicity. Toxicology
2010, 277, 49–58. [CrossRef] [PubMed]

32. McDuffie, J.E.; Ma, J.Y.; Sablad, M.; Sonee, M.; Varacallo, L.; Louden, C.; Guy, A.; Vegas, J.; Liu, X.; La, D.;
et al. Time course of renal proximal tubule injury, reversal, and related biomarker changes in rats following
cisplatin administration. Int. J. Toxicol. 2013, 32, 251–260. [CrossRef] [PubMed]

33. Ramesh, G.; Reeves, W.B. TNF-α mediates chemokine and cytokine expression and renal injury in cisplatin
nephrotoxicity. J. Clin. Invest. 2002, 110, 835–842. [CrossRef] [PubMed]

34. Humanes, B.; Camaño, S.; Lara, J.M.; Sabbisetti, V.; González-Nicolás, M.Á.; Bonventre, J.V.; Tejedor, A.;
Lázaro, A. Cisplatin-induced renal inflammation is ameliorated by cilastatin nephroprotection. Nephrol. Dial.
Transplant. 2017, 32, 1645–1655. [CrossRef] [PubMed]

35. Ozkok, A.; Ravichandran, K.; Wang, Q.; Ljubanovic, D.; Edelstein, C.L. NF-κB transcriptional inhibition
ameliorates cisplatin-induced acute kidney injury (AKI). Toxicol. Lett. 2016, 240, 105–113. [CrossRef]
[PubMed]

36. Elsherbiny, N.M.; Eladl, M.A.; Al-Gayyar, M.M. Renal protective effects of arjunolic acid in a cisplatin-induced
nephrotoxicity model. Cytokine 2016, 77, 26–34. [CrossRef]

37. Ahmed, L.A.; Shehata, N.I.; Abdelkader, N.F.; Khattab, M.M. Tempol, a superoxide dismutase mimetic
agent, ameliorates cisplatin-induced nephrotoxicity through alleviation of mitochondrial dysfunction in
mice. PLoS ONE 2014, 9, e108889. [CrossRef]

http://dx.doi.org/10.3892/mmr.2019.9887
http://dx.doi.org/10.3389/fphar.2018.00537
http://dx.doi.org/10.1186/s12906-018-2282-x
http://www.ncbi.nlm.nih.gov/pubmed/30041643
http://dx.doi.org/10.1080/15287394.2018.1451179
http://www.ncbi.nlm.nih.gov/pubmed/29557720
http://dx.doi.org/10.1007/s10157-017-1448-z
http://www.ncbi.nlm.nih.gov/pubmed/28856465
http://dx.doi.org/10.1038/srep04986
http://www.ncbi.nlm.nih.gov/pubmed/24832194
http://dx.doi.org/10.1016/j.phymed.2018.10.035
http://www.ncbi.nlm.nih.gov/pubmed/30668334
http://dx.doi.org/10.1159/000368466
http://www.ncbi.nlm.nih.gov/pubmed/25661683
http://dx.doi.org/10.4163/jnh.2014.47.6.394
http://dx.doi.org/10.1080/15287394.2017.1299655
http://dx.doi.org/10.5487/TR.2016.32.1.047
http://dx.doi.org/10.1016/j.tox.2010.08.013
http://www.ncbi.nlm.nih.gov/pubmed/20816719
http://dx.doi.org/10.1177/1091581813493013
http://www.ncbi.nlm.nih.gov/pubmed/23788329
http://dx.doi.org/10.1172/JCI200215606
http://www.ncbi.nlm.nih.gov/pubmed/12235115
http://dx.doi.org/10.1093/ndt/gfx005
http://www.ncbi.nlm.nih.gov/pubmed/28340076
http://dx.doi.org/10.1016/j.toxlet.2015.10.028
http://www.ncbi.nlm.nih.gov/pubmed/26546572
http://dx.doi.org/10.1016/j.cyto.2015.10.010
http://dx.doi.org/10.1371/journal.pone.0108889


Antioxidants 2019, 8, 256 16 of 16

38. Ning, Y.; Shi, Y.; Chen, J.; Song, N.; Cai, J.; Fang, Y.; Yu, X.; Ji, J.; Ding, X. Necrostatin-1 attenuates
cisplatin-induced nephrotoxicity through suppression of apoptosis and oxidative stress and retains klotho
expression. Front. Pharmacol. 2018, 9, 384. [CrossRef]

39. Tristão, V.R.; Pessoa, E.A.; Nakamichi, R.; Reis, L.A.; Batista, M.C.; Durão Junior Mde, S.; Monte, J.C.
Synergistic effect of apoptosis and necroptosis inhibitors in cisplatin-induced nephrotoxicity. Apoptosis
2016, 21, 51–59. [CrossRef]

40. Bernal-Barquero, C.E.; Vázquez-Zapién, G.J.; Mata-Miranda, M.M. Review of alterations in gene expression
and apoptotic pathways caused in nephrotoxicity induced by cisplatin. Nefrologia 2019, 39, 362–371.
[CrossRef]

41. Shaikh, Z.A.; Vu, T.T.; Zaman, K. Oxidative stress as a mechanism of chronic cadmium-induced hepatotoxicity
and renal toxicity and protection by antioxidants. Toxicol. Appl. Pharmacol. 1999, 154, 256–263. [CrossRef]
[PubMed]

42. Pabla, N.; Dong, Z. Cisplatin nephrotoxicity: Mechanisms and renoprotective strategies. Kidney Int. 2008, 73,
994–1007. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3389/fphar.2018.00384
http://dx.doi.org/10.1007/s10495-015-1190-5
http://dx.doi.org/10.1016/j.nefro.2018.11.012
http://dx.doi.org/10.1006/taap.1998.8586
http://www.ncbi.nlm.nih.gov/pubmed/9931285
http://dx.doi.org/10.1038/sj.ki.5002786
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Chemicals and Reagents 
	Plant Material and Preparation of Water Extracts from D. morbifera 
	HPLC Analysis of the Water Extract of D. morbifera 
	Experimental Design 
	Urinalysis and Serum Biochemical Analysis 
	Histopathological Examination 
	Determination of Antioxidant Enzyme Activity 
	Analysis of Inflammatory Cytokines 
	Western Blot Analysis 
	Immunohistochemical Examination 
	TUNEL Assay 
	In Vivo Tumor Xenograft Model 
	Statistical Analysis 

	Results 
	Phytochemical Characterization of DM 
	Effects of DM on Body and Kidney Weight Changes in CDDP-Treated Rats 
	Protective Effect of DM on CDDP-Induced AKI 
	Effect of DM on the Urinary Excretion of AKI Biomarkers in CDDP-Treated Rats 
	Effect of DM on Antioxidant Enzyme Activity and Pro-Inflammatory Cytokines in CDDP-Treated Rats 
	Effect of DM on Apoptosis in the Kidney of CDDP-Treated Rats 
	Renoprotective Effects of DM on CDDP-Induced Tumor Xenograft Model 

	Discussion 
	Conclusions 
	References

