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Abstract: Although cisplatin is an anticancer drug that has activity against malignant tumor, it often
causes nephrotoxicity. Previous reports have confirmed that the saponins from the leaves of
P. quinquefolium (PQS) exerted many pharmacological activities. However, the renoprotective effects
of PQS were still unknown. The purpose of the present research was to discuss renoprotective effect
of PQS in a mouse model of cisplatin-induced acute kidney injury (AKI). The levels of blood urea
nitrogen (BUN) and serum creatinine (CRE) were evidently increased in cisplatin-intoxicated mice,
which were reversed by PQS. Renal oxidative stress, evidenced by increased malondialdehyde
(MDA) level and decline of glutathione (GSH) and superoxide dismutase (SOD) activities,
was significantly alleviated by PQS pretreatment. The suppression of inflammatory response by
PQS was realized through the decrease the mRNA expression levels of tumor necrosis factor-«
(I'NF-) and interleukin-1f (IL-1p) in kidney tissues, which were measured by quantitative real-time
polymerase chain reaction (QRT-PCR). Simultaneously, the overexpression of cytochrome P450 E1
(CYP2EL1) and heme oxygenase-1 (HO-1) were attenuated by PQS. Furthermore, the effects of Western
blotting demonstrated that PQS administration significantly suppressed the protein expression
levels of nicotinamide adenine dinucleotide phosphate oxidase type 4 (Nox4), cleaved Caspase-3,
cleaved Caspase-9, Bax, nuclear factor-kB (NF-«B), cyclooxygenase-2 (COX-2), and inducible
nitric oxide synthase (iNOS), suggesting the inhibition of apoptosis and inflammation response.
Overall, PQS may possess protective effects in cisplatin-induced AKI through suppression of oxidative
stress, inflammation and apoptosis.

Keywords: ginsenosides; the leaves of Panax quinquefolium; cisplatin-induced AKI; anti-inflammation;
anti-apoptosis

1. Introduction

Cisplatin, a potent anti-cancer drug, is widely used and highly effective against multiple types
of tumors, involving breast, ovarian, head and neck, and lung [1]. However, its side effects restrict
its clinical use. Clinical trials have reported that the side effects of cisplatin included nephrotoxicity,
electrolyte disturbance, myelotoxicity, hemolytic anemia, neurotoxicity and ototoxicity [2]. Among its
side effects, the main dose-limiting factor related to cisplatin is nephrotoxicity [3]. Acute kidney injury
(AKI) is one of the major characteristics of cisplatin-induced renal toxicity, which is related to high
morbidity and mortality [4]. Recently, several studies have reported that cisplatin-induced AKI can be
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detected in early phase using novel biomarkers [5-8]. In the case AKI appears and its major cause is
not cured, it may be hard to restore renal function, and even more complications can follow [9].

AKI, characterized mainly by tubular cell necrosis, is a key indicator for assessing side effects
in the examination of several therapeutic agents and other interventions [10]. Oxidative stress is an
imbalance between the oxidation and reduction reactions, resulting in the production of reactive oxygen
species (ROS). Previous studies have reported that cisplatin-induced AKI is related to exacerbation of
antioxidant state, involving an elevation of malondialdehyde (MDA) content as the final product of
lipid peroxidation [11] and reduced levels of antioxidant enzymes in renal tissue [12]. Several enzymes
also contribute to the ROS generation in vivo. Among them, nicotinamide adenine dinucleotide
phosphate oxidase (Nox) can be stimulated to generate ROS within a few minutes by various growth
factors, such as cytokines and hormones [13]. NADPH oxidase type 4 (Nox4) is a member of the
Nox family and highly expressed in the kidney, mostly in the highly metabolic proximal tubular
compartment [14]. Additionally, ROS-mediated oxidative stress triggers the activation of series of
signaling proteins pathway, such as inflammatory pathway nuclear factor-«B (NF-«B) [15]. ROS also
plays a main role via inducing the activation of Caspases in cisplatin-induced tubular cell apoptosis.
Caspases are a family of cell death proteases that play an essential role in the execution phase of
apoptosis [16]. Generally, the mechanisms implicated in cisplatin-induced AKI seem to be pluralistic,
including inflammation, oxidative stress and apoptosis [17]. Thus, an effective clinical agent is
considered necessary for preventing the progression of AKI induced by cisplatin.

Several studies have focused currently on traditional herbal medicines to evaluate novel
therapeutic drugs for the therapy of AKI. Various herbal medicines, including pomegranate (Lythraceae),
Prosthechea michuacana (Orchidaceae), Zingiber officinale (Zingiberaceae) and Red ginseng (family
Araliaceae) have been shown protective effects on cisplatin-induced AKI with vivo experiments [18-20].
Panax quinqguefolius (PQ), namely American ginseng, is considered to be one of the most well-known
perennial herbal plants of genus Panax (family Araliaceae) in the United States and Canada, and its roots
and rhizomes have been used as drugs, dietary supplements, and foods for diabetes and cardiovascular
diseases treatment for more than 300 years in China [21-23]. More pharmacological activities of PQ
have been discussed in the previous study, involving anti-inflammatory [24], anti-oxidation [25],
hypoglycemic effect [26], etc. The main active ingredient of PQ is ginsenosides, a diverse group
of steroidal saponins [27], which is considered to be the predominant component of the leaves of
P. quinquefolius. Recent investigation showed that the saponins from leaves of P. quinquefolius (PQS) have
a variety of pharmacological activity and can be applied in clinic. Wang et al. reported that PQS had
a beneficial effect on the treatment of coronary heart disease [28] and PQS is one of the most frequently
therapies used in clinical practice for acute myocardial infarction [29]. Additionally, PQS attenuated
oxidative stress injury by intermittent high glucose in cultured human umbilical vein endothelial
cells [30] and the extracts from leaves of P. quinquefolius also have anti-inflammation, free radical
scavenging and other pharmacological activities in arteriosclerosis [31]. We speculate that it is
possible that treatment with PQS supplementation may ameliorate cisplatin-induced lipid peroxidation,
inflammation, and reduced renal tubular necrosis in mice.

In this paper, the renoprotective effects of PQS against cisplatin-induced AKI surveyed on a mouse
model was first proposed. In addition, the feasible molecular mechanisms underlying this nephroprotective
effect are discussed, involving antioxidant, anti-inflammatory, and anti-apoptotic activity.

2. Results

2.1. Effects of P. quinquefolius (PQS) on Renal Dysfunction in Cisplatin-Treated Mice

Experimental design of renoprotective effect of PQS on mice was summarized in Figure 1A.
Single treatment of cisplatin (20 mg/kg) caused noticeable weight loss and raised relative kidney index
in the cisplatin control group compared with control group (p < 0.05). However, these changes in
body weight and organ index were significantly dose-dependently attenuated by PQS at doses of 150
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and 300 mg/kg, as shown in Figure 1B,C. Control group showed no significant difference compared
with that in the mice treated with PQS high dose group (p < 0.05 or p < 0.01).
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Figure 1. Experimental design of renoprotective effect of P. quinquefolius (PQS) on mice was summarized
(A). Effects of PQS on: body weight change (B); kidney index (C); the level of serum creatinine (CRE)
(D); and the level of blood urea nitrogen (BUN) (E) in cisplatin-induced acute kidney injury (AKI).
All data are expressed as mean + S.D., 1= 8.5 p < 0.05, * p < 0.05, ** p < 0.01 vs. control group; * p < 0.05,
# p < 0.01 vs. cisplatin control group. Notes: standard deviation, S.D.; institute of cancer research, ICR.

To further assess whether PQS preserved renal function, the serum levels of serum creatinine (CRE)
and blood urea nitrogen (BUN) were determined in each group (Figure 1D,E). Similarly, the contents
of CRE and BUN, a signal of kidney injury, were both uncommonly increase after cisplatin injection,
indicating a serious injury to kidney tissues. PQS administration at the dosage of 150 and 300 mg/kg
showed a dose-dependently protective effect, as illustrated by standardization of CRE and BUN as
compared with cisplatin control group (p < 0.01).

2.2. Effects of PQS on Oxidative Stress of Kidney in Cisplatin-Treated Mice

As previously described, oxidative stress injury participated in the mechanisms of cisplatin-induced
AKI [32]. As indicated in Figure 2, cisplatin treatment caused conspicuous reduction of glutathione
(GSH) level and superoxide dismutase (SOD) activity accompanied by increase of MDA content,
compared with control group (p < 0.05 or p < 0.01). However, administration with 150 and 300 mg/kg
of PQS reduced MDA content and restored antioxidant capacity, as illustrated via the increase of GSH
level and SOD activity (p < 0.05 or p < 0.01). These data suggested that PQS mitigated oxidative damage
in kidney tissues by up-regulating anti-oxidant enzyme activity. To confirm whether oxidative stress
is interrelated to the evolvement of cisplatin-induced AKI in vivo, the expression levels of NADPH
oxidase enzyme Nox4, drug-metabolizing enzyme cytochrome P450 E1 (CYP2E1) and cytoprotective
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enzyme heme oxygenase-1 (HO-1) were examined. The result showed the expression of CYP2E1 and
HO-1 were low in control and PQS-treated mice (Figure 3A,C) and apparently elevated following
cisplatin challenge. Meanwhile, the results from Western blotting showed that the expression level
of Nox4 increased after cisplatin exposure was decreased by PQS (Figure 4L). These consequences
suggested that PQS supplementation protected the kidneys against cisplatin-induced oxidative stress.
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Figure 2. Effects of PQS on the levels of: glutathione (GSH) (A); superoxide dismutase (SOD) (B);
and malondialdehyde (MDA) (C) in cisplatin-induced AKI. All data are expressed as mean + S.D.,

n=8.5p<0.05*p<0.05 * p<0.01 vs. control group; * p < 0.05, # p < 0.01 vs. cisplatin group.
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Figure 3. Effects of PQS on the expression of: enzyme cytochrome P450 E1 (CYP2E1) (A); and heme
oxygenase-1 (HO-1) (C). The expression level of CYP2E1 (Green) and HO-1 (Red) in tissue section
isolated from different groups was assessed by immunofluorescence. Column chart (C,D) shows
relative fluorescence intensity. Representative immunofluorescence images were taken at 400x.
4/ 6-Diamidino-2-phenylindole (DAPI) (Blue) was used as a nuclear counterstain. $ p < 0.05, ** p < 0.01
vs. control group; * p < 0.05, # p < 0.01 vs. cisplatin group.
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Figure 4. Effects of PQS on the protein expression of: Bax, Bcl-2 (A); COX-2,iNOS (B); cleaved Caspase-3
(G); cleaved Caspase-9 (H); NF-kB (K); and Nox4 (L). Column chart show antibodies relative intensity
of: Bax (C); Bcl-2 (D); COX-2 (E); iNOS (F); cleaved Caspase-3 (I); cleaved Caspase-9 (J); NF-«B (M);
and Nox4 (N). The protein expression was examined by Western blotting analysis in kidney tissues from
control, cisplatin, cisplatin + PQS (150 mg/kg), and cisplatin + PQS (300 mg/kg). § p <0.05,*p <0.01
vs. control group; * p < 0.05, # p < 0.01 vs. cisplatin control group. Notes: glyceraldehyde-3-phosphate
dehydrogenase, NAPDH; inhibitor of NF-«B, IkB; horseradish peroxidase, HRP.
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2.3. Effects of PQS on Histopathological Changes of Kidney in Cisplatin-Treated Mice

The morphological changes in the kidneys are shown in the Figure 5A. The kidney tissues in
cisplatin mice clearly revealed tubular necrosis and inflammatory infiltration (Figure 5B). However,
in the group treated with high dose of PQS (300 mg/kg), tubules distinctly noticed histologically
regular and no inflammatory infiltrate cells and necrosis were noticed in kidney tissues. In addition,
we found that, in the PAS staining (Figure 5C), the renal tubules had fewer glycogen deposits,
with lighter color, and no pathological changes were found in the control group. A great number of
glycogens were deposited in the renal tubules and hypochromatosis in the cisplatin control group.
Nevertheless, pretreatment with PQS low dose group evidently reduced tubular cells necrosis and
glycogen deposition, PQS high dose group of cell morphology basically returned to control.
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Figure 5. Morphological changes of the kidneys (A); histological examination of morphological changes
in kidney tissues, renal tissues stained with H&E (100 x and 400 x) (B); arrows show necrotic cell and
inflammatory infiltrate cells (PAS (400x)) and arrows show glycogen accumulation in renal tubules
(C); and column chart shows renal tubular injury score (D). All data are expressed as mean &= S.D.,
n=8.5p<0.05,*p < 0.05 vs. control group; * p < 0.05, #*

acid-schiff stain, PAS.

p < 0.01 vs. cisplatin group. Notes: periodic

2.4. Effects of PQS on Inflammation of Kidney in Cisplatin-Treated Mice

The previous study has confirmed that oxidative stress is related with release of pro-inflammatory
cytokines, including tumor necrosis factor-« (TNF-«) and interleukin-1f (IL-1f3) in cisplatin-induced
AKI [33]. As indicated in Figure 6A,B, single cisplatin injection resulted in obviously higher levels of
TNF-« and IL-1 in serum as compared with the control group. However, these increases were reversed
after PQS administration in a dose-independent manner (p < 0.01, p < 0.05). Besides, to further assess
the effects of PQS against cisplatin-induced inflammatory response in the kidney tissues, TNF-« and
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IL-18 mRNA expression levels were estimated by quantitative real-time PCR (qRT-PCR) (Figure 6C,D).
PQS attenuated the increase pro-inflammatory cytokine expression levels following cisplatin exposure
(p <0.05 or p < 0.01). Concomitantly, to further investigate the mechanisms underlying the beneficial
effects of PQS on cisplatin induced renal inflammation, the levels of NF-«B, cyclooxygenase-2 (COX-2)
and inducible nitric oxide synthase (iNOS) were determined in all groups (Figures 4B,K and 7C,D).
Positive expression area of these protein levels of cisplatin control group was obviously elevated
compared with control group, whereas PQS treatment for 10 days led to dose-dependent reduction.
These protein expression levels in the control mice showed no significant difference compared with
PQS group (300 mg/kg) (p < 0.05 or p < 0.01).
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Figure 6. Effects of PQS on the levels of: tumor necrosis factor-o« (TNF-«) (A); and interleukin-1f3
(IL-1B) (B) in cisplatin-induced AKI. The relative expressions: TNF-« (C); and IL-1f (D) in mice were
evaluated by quantitative real-time PCR (qRT-PCR). All data are expressed as mean + S.D., n = 8.
§$p <0.05,* p <0.01 vs. control group; * p < 0.05, # p < 0.01 vs. cisplatin control group. Notes: enzyme
linked immunosorbent assay, ELISA; optical density, OD.

2.5. Effects of PQS on Apoptosis of Kidney in Cisplatin-Treated Mice

To measuring the degree of apoptosis in kidneys, the protein expressions of the cleaved Caspase-3,
cleaved Caspase-9, anti-apoptotic factor Bcl-2 and the pro-apoptotic factor Bax were determined in
each experimental group. As shown in Figure 7A,B. The rates of positive expressions of Bax located
in the cell nucleus were observed to be noticeably lower in PQS administration group (300 mg/kg)
different from cisplatin control group. The positive expression of Bcl-2 was similar with Bax and it
has a significant elevation in the PQS group with 300 mg/kg compared to cisplatin group (p < 0.01).
The results of Western blotting showed that cisplatin exposure significantly increased the expression
levels of Bax, cleaved Caspase-3 and Caspase-9, and decreased the expression level of Bcl-2 when
compared with the control group. However, these changes could be effectively reversed with PQS
pretreatment (Figure 4A,G,H) (p < 0.05 or p < 0.01).

Aimed to define whether PQS administration decreased renal tubular cell apoptosis against
cisplatin-induced AKI, Hoechst 33258 staining was employed to determine the apoptosis extent in renal
tubular cells. The results revealed that the nuclear fragmentations and condensations in cisplatin group



Int. . Mol. Sci. 2017, 18, 1407 8 of 18

were uncommonly higher when compared with control group (Figure 8A). Nevertheless, after PQS
administration, a larger number of cell nucleus appeared round-shaped nuclei with homogeneous
fluorescence intensity and regular contours compared with cisplatin control group (p < 0.05 or p < 0.01).
Moreover, in the recent studies, the apoptosis in the kidney tissues were evaluated and quantified by the
TUNEL assay staining, which revealed renal tubular epithelial cell apoptosis after cisplatin exposure.
Interestingly, PQS pretreatment at low dose obviously reduced the number of cisplatin-induced
TUNEL-positive cells, and more significant decrease almost similar to the control group at high dose
(Figure 8C). These results showed that PQS exerted suppressive effects against cisplatin-induced renal
proximal tubule apoptosis.
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Figure 7. Effects of PQS on the expression of: Bax (A); Bcl-2 (B); inducible nitric oxide synthase
(iNOS) (C); and cyclooxygenase-2 (COX-2) (D). Column chart show antibodies stained area of: Bax (E);
Bcl-2 (F); iNOS (G); and COX-2 (H). The protein expression was examined by immunohistochemistry
in kidney tissues from control, cisplatin, cisplatin + PQS (150 mg/kg), and cisplatin + PQS (300 mg/kg).
§ p <0.05,** p < 0.01 vs. control group; # p < 0.05, # p < 0.01 vs. cisplatin control group. Notes: b-cell
lymphoma-2 protein, Bcl-2; Bcl-2-associated x protein, BAX; bovine serum albumin, BSA.
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Figure 8. Histological examination of morphological changes in kidney tissues, renal tissues stained
with: Hoechst 33258 (200 x and 400x) (A); column chart showing renal tubular cell apoptosis (B);
TUNEL staining (400x) (C); and the presence of TUNEL positive cells measured by the image analyzer
(D). All data are expressed as mean & S.D., n = 8. § p < 0.05, ** p < 0.01 vs. control group; * p < 0.05,
# p < 0.01 vs. cisplatin group. Notes: terminal deoxynucleotidyl transferase-mediated dUTP-biotin
nick end labeling assay, TUNEL.

3. Discussion

In the present study, PQS was endowed with significantly nephroprotective properties against
cisplatin-induced nephrotoxicity. Though our work was similar to a previous report showing that
ginsenoside Rg5 ameliorated acute kidney injury with the same mouse model via inhibiting oxidative
stress, inflammation and apoptosis [17], the in-depth molecular mechanisms of cisplatin-induced renal
toxicity by PQS were explored in our study. It needs to be emphasized that the process of isolation
and purification of ginsenoside Rg5, as an individual rare ginsenoside, was certainly difficult and
time consuming. It is very meaningful for us to seek an alternative extract that has the similar or
better effect in cisplatin-induced nephrotoxicity. As non-traditional medicinal part of P. quinquefolium,
the total saponins from its leaves are relatively easy and cheap to extract. Moreover, in the current
work, PQS were explored in depth for its significant renoprotective effect. The present findings also
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enhanced its medicinal value and opened a new market for leaves of P. quinquefolium to alleviate the
patient’s kidney injury in clinical research.

Cisplatin has been studied for more than 40 years and has made a significant contribution to
aggressive cancer, but, in more than 10% of patients, conventional cisplatin note can cause acute
renal toxicity and even cause irreversible damage. In the current work, we demonstrated that PQS
pretreatment significantly attenuated cisplatin-induced AKI through the decrease of oxidative stress,
inflammation response and apoptosis. Our present work indicated that cisplatin treatment caused
typical clinical symptoms and pathological changes in cisplatin-treated mice, including body weight
loss, relative kidney index increase, inflammatory infiltration, and necrosis. In addition, cisplatin
exposure induces damage to renal vasculature resulting declined in glomerular filtration rate [1].
This caused renal dysfunction, urging acute renal failure and the elevation of serum BUN and CRE
levels. PQS significantly inhibited the elevation of the kidney index, BUN and CRE levels and weight
loss by cisplatin, suggesting positive effects of PQS on renal dysfunction in cisplatin-treated mice.

Several studies have revealed that single cisplatin exposure generated overproduction of free
radicals, and then caused oxidative stress damage and lipid peroxidation in kidney tissues [34-36].
Previous reports have also clarified that oxidative stress is a central pathogenic factor in cisplatin-induced
AKI, which showed that cisplatin undermined anti-oxidant defense mechanisms in the kidneys
followed by a significant decrease in the contents of SOD and GSH [37]. Concomitantly, cisplatin
exposure increased the kidney content of MDA, which a major marker of lipid peroxidation.
In the present investigation, pretreatment with PQS for 10 days obviously restrained the increase of
MDA and decline of GSH and SOD in a dose-dependent manner. Nox is an enzyme that produces
free radicals as its main product [38]. Seven members are included in the Nox family: Nox1 to Nox5
and two dual oxidases. Among them, Nox4 has been considered as a major source of ROS in renal
cells, such as endothelial cells, vascular smooth muscle cells and epithelial cells of various tubules
of the kidney [39], which also plays important roles in renal oxidative stress and kidney injury [40].
The research showed that protein expression level of Nox4 increased after cisplatin treatment, whereas
was markedly decreased by PQS in our work. Generally, CYP2E1 mediated biotransformation
of cisplatin emerges ROS, involving hydrogen peroxide and hydroxyl radical [41], well known
inducers of lipid peroxidation [42]. Importantly, the finding in our work was consistent with
a previous study which has confirmed a leading role of drug-metabolizing enzyme CYP2E1 against
cisplatin-induced renal injury [43]. Simultaneously, the increase in CYP2E1 level was accompanied by
the overexpression of HO-1 cytoprotective enzyme, showing mobilization of the antioxidant defense
system [44]. Immunofluorescence results showed that the expression of CYP2E1 and HO-1 increased
after cisplatin treatment was reduced by PQS in present work. As described above, our findings
illustrated which PQS pretreatment recovered antioxidant ability by suppressing oxidative stress.

Numerous studies demonstrated that pro-inflammatory cytokines possess an indispensable
role in the pathogenesis against cisplatin-induced renal toxicity [45]. NF-«B is a pro-inflammatory
transcription factor of inflammatory factors that is sequestered in the cytoplasm via binding to the
inhibitory IkB protein. Once stimulated by viral, bacterial and other pathogens, IkB is degraded
by the proteasome, which frees NF-«B to translocate from the cytoplasm to the nucleus where
it promotes the transcription of target genes, such as TNF-a and IL-18 [46]. Moreover, several
studies have demonstrated the significant part of TNF-« and IL-1f in the pathogenesis against
cisplatin renal injury [47]. Simultaneously, the up-regulation of iNOS and other inducible genes,
such as COX-2 via the NF-kB pathway, is another central mechanism in inflammatory response
processes [48]. The induction of COX-2, an inducible form of COX, may arise in tissue injury
and it has been certified that COX-2 plays a major role against cisplatin-induced AKI. Accumulating
evidence showed that COX-2 and iNOS are obviously expressed at positions of inflammation.
Moreover, iNOS acts in synergy with COX-2 to accelerate the inflammatory response [49,50].
In this study, to explore the potential molecular mechanisms the renoprotective effects of PQS
against cisplatin-induced inflammation in depth, we measured the expression levels in NF-kB, COX-2
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and iNOS. Western blotting and immunohistochemistry analysis of the results revealed that PQS
pretreatment significantly down-regulated the increase in expression levels of NF-kB, COX-2 and iNOS
after cisplatin exposure. Moreover, qRT-PCR results revealed that cisplatin administration elevated
the expression levels in TNF-a« and IL-1B. Nevertheless, the increase of inflammatory cytokines
levels against cisplatin-induced mice was dramatically suppressed by PQS. The possible molecular
mechanisms involved in suppression of such cytokines by PQS. In short, the results suggested that
PQS could be served as an anti-inflammatory agent against cisplatin-induced AKI.

There is growing evidence that cisplatin-induced AKI is related to apoptosis [51]. Apoptosis
acts as a key role of cell death against cisplatin-induced renal toxicity, and then multitudinous
investigations have indicated renal tubular cell apoptosis following cisplatin management [52].
There are two of the considerable members regarding renal tubular cell apoptosis in Bcl-2 family
containing the pro-apoptotic protein Bax and the anti-apoptotic protein Bcl-2 [53]. Another important
mechanism underlying the AKI of cisplatin is the pro-apoptotic effects caused by inducing the
activation of Caspases [54]. Previous studies have also reported association between Caspases family
members and cisplatin-induced apoptosis. Cisplatin may cause mitochondrial release of cytochrome c
and Caspase-9 and Caspase-3 activation [55]. For evaluated agree of apoptosis in renal tissues following
single cisplatin injection, the effects of PQS were assessed by cleaved Caspase-3, cleaved Caspase-9,
pro-apoptotic factor Bax and anti-apoptotic factor Bcl-2 in every pretreatment group. The findings from
protein detection analyses of kidneys markedly illustrated that the expression levels of Bax, cleaved
Caspase-3 and cleaved Caspase-9 were suppressed, while the expression level of Bcl-2 was relatively
activated. Additionally, the results of TUNEL staining and Hoechst 33258 staining displayed which
the apoptosis rate in renal tissues were clearly reduced by PQS when compared with cisplatin control
group. In summary, the above results demonstrated that PQS extenuated apoptosis of kidney tissues
and expressed renoprotective effects on AKI in cisplatin-induced mice.

4. Materials and Methods

4.1. Materials and Kits

PQS extracted from the leaves of P. quinquefolium (American ginseng) was prepared and quantified
in our laboratory as described previously [56]. Briefly, PQS was refluxed with 70% ethanol for three
times and then separated by column chromatography with AB-8 resin. PQS analysis was built on
a Hypersil ODS column and detected by high performance liquid chromatography with UV detection
(HPLC-UV) at 203 nm. Seven ginsenosides (Rgl, Re, Rb1, Rc, Rb2, Rb3, and Rd) in PQS were
determined by comparing their retention times with corresponding standard compounds. The final
product consisted of 11.94% Rg1, 3% Re, 2.62% Rb1, 4.01% Rc, 10.04% Rb2, 3.70% Rb3, and 27.49% Rd,
accounting for 62.8% of the PQS, and other minor ginsenosides.

Cisplatin, with purity more than 99%, was supplied from Sigma Chemicals (St. Louis, MO,
USA). Hematoxylin and Eosin (H&E), periodicacid-Schiff (PAS) dye kits, malondialdehyde (MDA),
glutathione (GSH), superoxide dismutase (SOD), blood urea nitrogen (BUN) and creatinine (CRE)
commercial assay kits were obtained from Nanjing Jiancheng Bioengineering Research Institute
(Nanjing, China). Rabbit monoclonal of Caspase-3, cleaved Caspase-3, Caspase-9, cleaved Caspase-9,
Bax, Bcl-2, NF-kB, COX-2, iNOS, GAPDH, cytochrome P450 E1 (CYP2E1), heme oxygenase-1 (HO-1)
and secondary antibodies were purchased from Cell Signaling Technology (Danvers, MA, USA) or
DBOSTER Bio-Engineer Co., Ltd. (Wuhan, China). Nox4 antibody was obtained Proteintech Co., Ltd.
(Wuhan, China). RNNAiso Plus, PrimeScript®RT reagent Kit (Perfect Real Time) and SYBR®Premix
Ex TaqTM II (T1li RNaseH Plus) were received from TaKaRa Biotechnology Co., Ltd. (Dalian, China).
TUNEL apoptosis detection kits were provided with Roche Applied Science (No. 11684817910).
Hoechst 33258 dye kits were obtained from Shanghai Beyotime Co., Ltd. (Shanghai, China). DyLight
488-labeled and SABC-Cy3 secondary antibodies were provided by BOSTER Bio-Engineer Co., Ltd.
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(Wuhan, China). The ELISA kits of mouse TNF-« and IL-1f3 were purchased from R&D systems
(Minneapolis, MN, USA). All other chemicals were of the highest grade commercially available.

4.2. Animals and Experimental Protocol

Six-week-old male ICR mice, weighting 22-25 g, were provided by YISI Experimental Animals
Co., Ltd. (Changchun, China). The mice were given a standard laboratory diet and water ad libitum
and maintained at 12 h light/dark cycle at constant temperature (25 &+ 2 °C) and humidity (60 £ 10%).
All animals handing procedures were performed in strict accordance with the Guide for the Care and
Use of Laboratory Animals (Ministry of Science and Technology of China, 2006). All the animal tests
were carried out consistent with experimental practices and standards, which were authorized by
Ethical Committee of Jilin Agricultural University (2016-01-Permit Number: ECLA-JLAU 2016-016).

After acclimation for one week, the mice were randomly divided into for experimental groups
(8 mice per group), including a control group, cisplatin group (25 mg/kg), cisplatin + PQS groups
(150 and 300 mg/kg). PQS was suspended in 0.05% carboxymethylcellulose sodium (CMC-Na) before
used. Mice were administered intragastrically with PQS at the dose of 150 and 300 mg/kg daily for
ten continuous days. The mice in cisplatin group and PQS administration groups received a single
intraperitoneal injection of cisplatin with 20 mg/kg on the 7th day after 1 h from the last administration
of PQS to induce AKI in mice.

Mice were sacrificed at 72 h following cisplatin injection under general anesthesia. Weighting,
and blood and organ samples collection were performed immediately. The right kidney was promptly
frozen in liquid nitrogen and stored at —80 °C till analysis and the left kidney was fixed in 10% neutral
buffered formalin. Subsequently, serum samples were segregated using refrigerated centrifuge at
3000x g and stored at —20 °C used for subsequent analysis. The kidneys were gathered and weighted,
kidney index (mg/g) kidney weight/body weight was calculated as the kidney index.

4.3. Assessment of Biochemical Parameters

The serum levels of BUN and CRE were measured with commercially diagnostic kits (Nanjing
Jiancheng Bioengineering Research Institute, Nanjing, China) judging by manufacturer’s protocols.

The levels of GSH and SOD were examined with commercially available assay kits as described
previously. In brief, the homogenates of thawed and homogenized were filtered and centrifuged with
refrigerated centrifuge at 4 °C. Subsequently, half homogenates were accustomed to evaluate lipid
peroxidation via determining thiobarbituric acid reactive substances (TBARS) and was expressed of
the malondialdehyde (MDA) content. Then, the protein concentrations were measured by Bradford
protein assay with bovine serum albumin as the standard (Beyotime Biotechnology, Shanghai, China).
The enzyme activity was expressed as unit per milligram of protein.

4.4. Determination of Inflammatory Cytokines

The serum levels of TNF-«, IL-13 were examined with a commercially available ELISA kits
(R&D Systems) as described previously. In brief, TNF-a and IL-13 were added to 96-well plate
containing antibody and combined with HRP-labeled antibody (TNF-«, IL-1$3) to form complex
(an antibody-antigenic-antibodies labeled with enzyme compound), finally, the substrate TMB was
added for measuring the OD value within 15 min.

4.5. Histopathological Examination

Histopathological examination was executed as mentioned earlier [57]. The left renal tissues were
fixed in 4% neutral formaldehyde solution. Further, the tissues were dehydrated, embedded in paraffin
then cut into 5 pum-thickness slice. Then, all slices were stained with H&E staining solution and PAS
reagents for histopathological analysis and further detected by light microscopy (Leica DM750, Solms,
Germany).
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Kidney slices were measured and coded with two independent trained observers. PAS-stained
sections of tubular injury were detected with a microscope and scored following the percentage of
cortical tubules having epithelial necrosis: 0%, control; 1, <10%; 2, 10-25%; 3, 26-75%; or 4, >75% [58].

4.6. Hoechst 33258 Staining Analysis

Hoechst 33258 staining analysis was executed as mentioned earlier with minor modifications [59].
Firstly, the above treated 5 pum-thickness kidney slices were stained by Hoechst 33258 with
concentration of 10 ug/mL. Next, the sections were rinsed 3 times in PBS for 10 min and stained nuclei
were visible below UV excitation. Finally, the slides were photographed with a fluorescent microscope
(Leica TCS SP8, Solms, Germany).

4.7. TUNEL Staining Analysis

To measure the extent of apoptosis in kidney after cisplatin exposure, the TUNEL analysis was
determined. TUNEL evaluation was carried out as mentioned earlier with minor modification [17].
Typically, employing in situ apoptosis detection kit (Mannheim, Germany) to discover apoptotic
cells in the kidney tissues judging by the manufacturer’s instructions. Firstly, the kidney sections
(5 ph thick) were installed on the slides, permeabilized by incubating with 100 uL of 20 ug/mL
proteinase K solution for 15 min. Next, the sections were incubated with 100 uL of 0.3% H,O, for
5 min and incubated by equilibration buffer and terminal deoxynucleotidyl transferase to inactivate
endogenous peroxidase. Then, anti-digoxigenin-peroxidase conjugate was employed to incubate the
sections. Finally, the utilization of diaminobenzidine demonstrated peroxidase activity in all tissue
sections and the slices were counterstained with hematoxylin. TUNEL-positive cells were visualized
with a Leica microscope (Leica TCS SP8, Solms, Germany).

4.8. Immunohistochemistry (IHC) and Immunofluorescence Analysis

IHC analysis was carried out as mentioned earlier [60]. Firstly, aqueous alcohol solutions were
used to deparaffinizing and rehydrating kidney sections (5 pm). The slices were blocked with
endogenous peroxidases for 30 min at 37 °C, followed by rinsing 3 times in Tris-buffered saline
(TBS 0.01 M, pH 7.4) for 10 min. Then, the slices were then irradiated in sodium citrate buffer
(0.01 M, pH 6.0) in a microwave oven (medium high temperature) for 20 min. After standing to room
temperature, slides were incubated with 1% BSA for 1 h and incubated overnight at 4 °C with initial
antibodies involving Bax (1:200), Bcl-2 (1:200), iNOS (1:200) and COX-2 (1:200) in a humid environment.
The sections were rinsed in TBS and then incubated in HRP-conjugated secondary anti-bodies for
30 min at 37 °C. Next, slices were rinsed in TBS and incubated with labeled streptavidin-biotin
for 30 min. After rinsing in TBS, the sections were visualized with DAB and counterstained with
hematoxyline followed. Finally, the sections were washed in running water for 5 min, dehydrated with
an alcohol series and cleared with xylene. Inmunostaining intensity was analyzed by light microscopy
(Leica DM750, Solms, Germany).

The immunofluorescence staining of kidney tissues was guided as described [61], which was
executed on tissue sections treated as depicted for IHC analysis. Briefly, the sections were incubated
with the primary antibodies against rabbit anti-mouse CYP2E1 (1:200) and heme oxygenase-1 (HO-1)
(1:200) at 4 °C overnight. The slides were covered with DyLight 488-labeled and SABC-Cy3 secondary
antibodies (BOSTER, Wuhan, China) on the second day. Then, 4-6-diamidino-2-phenylindole (DAPI)
was used for nuclear staining and immunofluorescence staining was visible with a Leica microscope
(Leica TCS SP8, Solms, Germany).

4.9. Real-Time PCR Analysis

Total RNA in kidney tissues was isolated with RNAiso Plus, and RNA was reverse transcribed to
cDNA by PrimeScriptTM RT Reagent Kits (Perfect Real Time) judging by manufacturer’s instructions.
The qRT-PCR was performed on 7500 real-time PCR System (Applied Biosystems, Foster City, CA,
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USA). The specific primers acquired from TaKaRa Biotechnology Co., Ltd. (Dalian, China) used for
enlarging the specific genes were depict in Table 1. The gene expression was controlled to GAPDH
and estimated by 2(—AACt) method.

Table 1. Primers used in this study.

Primer Name Nucleotide Sequence (5'-3")
TNF-« forward CTTCTCATTCCTGCTTGTG
TNF-« reverse ACTTGGTGGTTTGCTACG
IL-1B forward TTGTGGCTGTGGAGAAG
IL-1p reverse CATCAGAGGCAAGGAGG
GAPDH forward AGGTCGGTGTGAACGGATTITG
GAPDH reverse GGGGTCGTTGATGGCAACA

4.10. Western Blotting Analysis

Western blotting analysis was executed as mentioned earlier [62]. Firstly, the kidney tissues
were cracked by using Radio Immunoprecipitation Assay (RIPA) buffer. The proteins (50 ng/lane)
were separated with 12% SDS polyacrylamide gels and transferred to a polyvinylidene difluoride
(PVDF) membrane. Then, the membrane was closed using 5% non-fat milk in Tris-buffered saline
(TBS) containing 0.1% Tween-20 for 2 h in a room temperature situation, after incubated with primary
antibodies at 4 °C overnight. Next, the membrane was washed three times from TBST for 5 min
each time and incubated for 1 h at a room temperature environment using secondary antibodies later.
Finally, the singles were inspected by Emitter Coupled Logic (ECL) substrate (Pierce Chemical Co.,
Rockford, IL, USA). The intensity of the bands were analyzed with computer Image plus 6.0 software
(Media Cybernetics, Rockville, MD, USA).

4.11. Statistical Analysis

Results were expressed as means + standard deviation (SD) of eight animals in each group
and were analyzed with SPSS 17.0 (SPSS, Chicago, IL, USA). The Data compared by one-way
analysis of variance (ANOVA) with post hoc tests to cisplatin administration. p < 0.05 or 0.01 was
considered significant.

5. Conclusions

In conclusion, the present findings revealed the protective effects of PQS against cisplatin-induced
renal toxicity, and its mechanism may be due to the inhibition of oxidative stress, inflammation
and apoptosis. Nevertheless, clinical trials are indispensable to confirm the renoprotective effect of
PQS before its act as an agent for the administration against cisplatin-induced acute AKL
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PQ Panax quinquefolius
AKI Acute kidney injury

ROS Reactive oxygen species



Int. ]. Mol. Sci. 2017, 18, 1407 150f18

GSH Glutathione

SOD Superoxide dismutase

MDA Malondialdehyde

BUN Blood urea nitrogen

TNF-« Tumor necrosis factor-o

CRE Creatinine

IL-1B3 Interleukin-13

COX-2 Cyclooxygenase-2

iNOS Inducible nitric oxide synthase
CYP2E1 Cytochrome P450 E1

HO-1 Heme oxygenase-1

NF-«B Nuclear factor-xB

qRT-PCR quantitative real-time PCR
Nox4 NADPH oxidase type 4
References

1. Arany, I; Safirstein, R.L. Cisplatin nephrotoxicity. Semin. Nephrol. 2003, 23, 460—464. [CrossRef]

10.

11.

12.

13.

14.

15.

Fuertes, M.A; Castilla, J.; Alonso, C.; Perez, ].M. Cisplatin biochemical mechanism of action: From cytotoxicity
to induction of cell death through interconnections between apoptotic and necrotic pathways. Curr. Med. Chem.
2003, 10, 257-266. [CrossRef] [PubMed]

Kim, Y.J.; Lee, M.Y,; Son, H.Y,; Park, B.K; Ryu, S.Y; Jung, ].Y. Red ginseng ameliorates acute cisplatin-induced
nephropathy. Planta Med. 2014, 80, 645-654. [CrossRef] [PubMed]

Pabla, N.; Dong, Z. Cisplatin nephrotoxicity: Mechanisms and renoprotectivestrategies. Kidney Int. 2008,
73,994-1007. [CrossRef] [PubMed]

Hosohata, K.; Ando, H.; Fujimura, A. Urinary vanin-1 as a novel biomarker for early detection of
drug-induced acute kidney injury. J. Pharmacol. Exp. Ther. 2012, 341, 656—662. [CrossRef] [PubMed]
Vaidya, V.S.; Ramirez, V.; Ichimura, T.; Bobadilla, N.A.; Bonventre, ].V. Urinary kidney injury molecule-1:
A sensitive quantitative biomarker for early detection of kidney tubular injury. Am. J. Physiol. Ren. Physiol.
2006, 290, F517-F529. [CrossRef] [PubMed]

Mishra, J.; Ma, Q.; Prada, A.; Mitsnefes, M.; Zahedi, K.; Yang, J.; Barasch, J.; Devarajan, P. Identification of
neutrophil gelatinase-associated lipocalin as a novel early urinary biomarker for ischemic renal injury. J. Am.
Soc. Nephrol. 2003, 14, 2534-2543. [CrossRef] [PubMed]

Li, EM,; Xu, L.Y,; Xiong, H.Q.; Cai, W.J.; Wu, B.L.; Zhang, C.; Zhang, Y.F,; Lin, Y.; Shen, Z.Y. Cloning and
identification of 5'-untranslated region (UTR) and 3'-untranslated region of neutrophil gelatinase-associated
lipocalin (NGAL) gene from esophageal carcinoma cell line sheec. Ai Zheng 2003, 22, 143-147. [PubMed]
Metnitz, P.G.; Krenn, C.G.; Steltzer, H.; Lang, T.; Ploder, J.; Lenz, K.; Le Gall, ].R.; Druml, W. Effect of acute
renal failure requiring renal replacement therapy on outcome in critically ill patients. Crit. Care Med. 2002,
30, 2051-2058. [CrossRef] [PubMed]

Lameire, N.H.; de Vriese, A.S.; Vanholder, R. Prevention and nondialytic treatment of acute renal failure.
Curr. Opin. Crit. Care 2003, 9, 481-490. [CrossRef] [PubMed]

Hosohata, K. Role of oxidative stress in drug-induced kidney injury. Int. J. Mol. Sci. 2016, 17, 1826. [CrossRef]
[PubMed]

Ognjanovic, B.I; Djordjevic, N.Z.; Matic, M.M.; Obradovic, ].M.; Mladenovic, ].M.; Stajn, A.S.; Saicic, Z.S.
Lipid peroxidative damage on cisplatin exposure and alterations in antioxidant defense system in rat kidneys:
A possible protective effect of selenium. Int. . Mol. Sci. 2012, 13, 1790-1803. [CrossRef] [PubMed]

Wang, Y.; Liu, Q.; Zhao, W.; Zhou, X.; Miao, G.; Sun, C.; Zhang, H. NADPH oxidase activation contributes to
heavy ion irradiation-induced cell death. Dose Response 2017, 15. [CrossRef] [PubMed]

Nlandu-Khodo, S.; Dissard, R.; Hasler, U.; Schafer, M.; Pircher, H.; Jansen-Durr, P.; Krause, K.H.; Martin, P.Y.;
de Seigneux, S. NADPH oxidase 4 deficiency increases tubular cell death during acute ischemic reperfusion
injury. Sci. Rep. 2016, 6, 38598. [CrossRef] [PubMed]

Sahu, B.D.; Kalvala, A.K.; Koneru, M.; Mahesh Kumar, J.; Kuncha, M.; Rachamalla, S.S.; Sistla, R. Ameliorative
effect of fisetin on cisplatin-induced nephrotoxicity in rats via modulation of NF-«B activation and
antioxidant defence. PLoS ONE 2014, 9, €105070. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S0270-9295(03)00089-5
http://dx.doi.org/10.2174/0929867033368484
http://www.ncbi.nlm.nih.gov/pubmed/12570712
http://dx.doi.org/10.1055/s-0034-1368571
http://www.ncbi.nlm.nih.gov/pubmed/24963615
http://dx.doi.org/10.1038/sj.ki.5002786
http://www.ncbi.nlm.nih.gov/pubmed/18272962
http://dx.doi.org/10.1124/jpet.112.192807
http://www.ncbi.nlm.nih.gov/pubmed/22399813
http://dx.doi.org/10.1152/ajprenal.00291.2005
http://www.ncbi.nlm.nih.gov/pubmed/16174863
http://dx.doi.org/10.1097/01.ASN.0000088027.54400.C6
http://www.ncbi.nlm.nih.gov/pubmed/14514731
http://www.ncbi.nlm.nih.gov/pubmed/12600287
http://dx.doi.org/10.1097/00003246-200209000-00016
http://www.ncbi.nlm.nih.gov/pubmed/12352040
http://dx.doi.org/10.1097/00075198-200312000-00004
http://www.ncbi.nlm.nih.gov/pubmed/14639067
http://dx.doi.org/10.3390/ijms17111826
http://www.ncbi.nlm.nih.gov/pubmed/27809280
http://dx.doi.org/10.3390/ijms13021790
http://www.ncbi.nlm.nih.gov/pubmed/22408424
http://dx.doi.org/10.1177/1559325817699697
http://www.ncbi.nlm.nih.gov/pubmed/28473742
http://dx.doi.org/10.1038/srep38598
http://www.ncbi.nlm.nih.gov/pubmed/27924932
http://dx.doi.org/10.1371/journal.pone.0105070
http://www.ncbi.nlm.nih.gov/pubmed/25184746

Int. ]. Mol. Sci. 2017, 18, 1407 16 of 18

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kaushal, G.P; Kaushal, V.; Hong, X.; Shah, S.V. Role and regulation of activation of caspases in
cisplatin-induced injury to renal tubular epithelial cells. Kidney Int. 2001, 60, 1726-1736. [CrossRef]
[PubMed]

Li, W.; Yan, M.H,; Liu, Y,; Liu, Z.; Wang, Z.; Chen, C.; Zhang, ].; Sun, Y.S. Ginsenoside Rg5 ameliorates
cisplatin-induced nephrotoxicity in mice through inhibition of inflammation, oxidative stress, and apoptosis.
Nutrients 2016, 8, 566. [CrossRef] [PubMed]

Gutierrez, RM.; Gomez, Y.G.; Ramirez, E.B. Nephroprotective activity of Prosthechea michuacana against
cisplatin-induced acute renal failure in rats. . Med. Food 2010, 13, 911-916. [CrossRef] [PubMed]

Cayir, K.; Karadeniz, A.; Simsek, N.; Yildirim, S.; Karakus, E.; Kara, A.; Akkoyun, H.T.; Sengul, E.
Pomegranate seed extract attenuates chemotherapy-induced acute nephrotoxicity and hepatotoxicity in rats.
J. Med. Food 2011, 14, 1254-1262. [CrossRef] [PubMed]

Sultana, S.; Verma, K.; Khan, R. Nephroprotective efficacy of chrysin against cisplatin-induced toxicity via
attenuation of oxidative stress. J. Pharm. Pharmacol. 2012, 64, 872-881. [CrossRef] [PubMed]

Yang, W.Z.; Hu, Y.; Wu, W.Y,; Ye, M.; Guo, D.A. Saponins in the genus Panax L. (Araliaceae): A systematic
review of their chemical diversity. Phytochemistry 2014, 106, 7-24. [CrossRef] [PubMed]

Szeto, Y.T.; Sin, Y.S.; Pak, S.C.; Kalle, W. American ginseng tea protects cellular DNA within 2 h from
consumption: Results of a pilot study in healthy human volunteers. Int. J. Food Sci. Nutr. 2015, 66, 815-818.
[CrossRef] [PubMed]

Xie, ].T.; Wang, C.Z.; Ni, M.; Wu, ].A.; Mehendale, S.R.; Aung, H.H.; Foo, A.; Yuan, C.S. American ginseng
berry juice intake reduces blood glucose and body weight in ob/ob mice. . Food Sci. 2007, 72, S590-S594.
[CrossRef] [PubMed]

Wang, L.; Yu, X,; Yang, X.; Li, Y;; Yao, Y.; Lui, EEM,; Ren, G. Structural and anti-inflammatory characterization
of a novel neutral polysaccharide from north american ginseng (Panax quinquefolius). Int. ]. Biol. Macromol.
2015, 74, 12-17. [CrossRef] [PubMed]

Sen, S.; Chen, S.; Feng, B.; Wu, Y,; Lui, E.; Chakrabarti, S. American ginseng (Panax quinquefolius) prevents
glucose-induced oxidative stress and associated endothelial abnormalities. Phytomedicine 2011, 18, 1110-1117.
[CrossRef] [PubMed]

Yoo, KM,; Lee, C.; Lo, YM.; Moon, B. The hypoglycemic effects of american red ginseng (Panax quinquefolius L.)
on a diabetic mouse model. |. Food Sci. 2012, 77, H147-H152. [CrossRef] [PubMed]

Wang, C.Z.; Zhang, B.; Song, W.X.; Wang, A.; Ni, M.; Luo, X.; Aung, HH.; Xie, ].T;; Tong, R.; He, T.C; et al.
Steamed american ginseng berry: Ginsenoside analyses and anticancer activities. J. Agric. Food Chem. 2006,
54,9936-9942. [CrossRef] [PubMed]

Wang, C.L.; Shi, D.Z.; Yin, H.J. Effect of Panax quinquefolius saponin on angiogenesis and expressions of
VEGF and BFGF in myocardium of rats with acute myocardial infarction. Zhongguo Zhong Xi Yi Jie He Za Zhi
2007, 27, 331-334. [PubMed]

Wang, B.; Liu, Y.; Shang, Q.; Zhang, Q.; Zhang, L.; Liu, J.; Shi, D. Interaction of Panax quinguefolius saponin and
dual antiplatelets on vascular endothelial function in rats with acute myocardial infarction. BioMed Res. Int.
2015, 2015, 932751. [PubMed]

Wang, J.; Yin, H.; Huang, Y.; Guo, C.; Xia, C,; Liu, Q.; Zhang, L. Panax quinquefolius saponin of stem
and leaf attenuates intermittent high glucose-induced oxidative stress injury in cultured human umbilical
vein endothelial cells via PI3K/Akt/GSK-3 3 pathway. Evid. Based Complement. Altern. Med. 2013, 2013.
[CrossRef] [PubMed]

Liu, H; Shi, D.; Wang, W.; Zhang, C; Fu, M.; Ge, ]J. Panax quinquefolium saponins inhibited
immune maturation of human monocyte-derived dendritic cells via blocking nuclear factor-«B pathway:.
J. Ethnopharmacol. 2012, 141, 982-988. [CrossRef] [PubMed]

Fernandez-Rojas, B.; Rodriguez-Rangel, D.S.; Granados-Castro, L.F.; Negrette-Guzman, M.; Leon-Contreras, ].C.;
Hernandez-Pando, R.; Molina-Jijon, E.; Reyes, ].L.; Zazueta, C.; Pedraza-Chaverri, . C-phycocyanin prevents
cisplatin-induced mitochondrial dysfunction and oxidative stress. Mol. Cell Biochem. 2015, 406, 183-197.
[CrossRef] [PubMed]

Zhang, Y.; Yuan, E; Cao, X.; Zhai, Z.; Gang, H.; Du, X;; Wang, Y.; Zhang, J.; Huang, Y.; Zhao, J.; et al.
P2X7 receptor blockade protects against cisplatin-induced nephrotoxicity in mice by decreasing the activities
of inflammasome components, oxidative stress and caspase-3. Toxicol. Appl. Pharmacol. 2014, 281, 1-10.
[CrossRef] [PubMed]


http://dx.doi.org/10.1046/j.1523-1755.2001.00026.x
http://www.ncbi.nlm.nih.gov/pubmed/11703590
http://dx.doi.org/10.3390/nu8090566
http://www.ncbi.nlm.nih.gov/pubmed/27649238
http://dx.doi.org/10.1089/jmf.2009.0175
http://www.ncbi.nlm.nih.gov/pubmed/20673060
http://dx.doi.org/10.1089/jmf.2010.0286
http://www.ncbi.nlm.nih.gov/pubmed/21548807
http://dx.doi.org/10.1111/j.2042-7158.2012.01470.x
http://www.ncbi.nlm.nih.gov/pubmed/22571266
http://dx.doi.org/10.1016/j.phytochem.2014.07.012
http://www.ncbi.nlm.nih.gov/pubmed/25108743
http://dx.doi.org/10.3109/09637486.2015.1088937
http://www.ncbi.nlm.nih.gov/pubmed/26393910
http://dx.doi.org/10.1111/j.1750-3841.2007.00481.x
http://www.ncbi.nlm.nih.gov/pubmed/17995625
http://dx.doi.org/10.1016/j.ijbiomac.2014.10.062
http://www.ncbi.nlm.nih.gov/pubmed/25434805
http://dx.doi.org/10.1016/j.phymed.2011.06.013
http://www.ncbi.nlm.nih.gov/pubmed/21840692
http://dx.doi.org/10.1111/j.1750-3841.2012.02748.x
http://www.ncbi.nlm.nih.gov/pubmed/22757707
http://dx.doi.org/10.1021/jf062467k
http://www.ncbi.nlm.nih.gov/pubmed/17177524
http://www.ncbi.nlm.nih.gov/pubmed/17526173
http://www.ncbi.nlm.nih.gov/pubmed/26090462
http://dx.doi.org/10.1155/2013/196283
http://www.ncbi.nlm.nih.gov/pubmed/23956765
http://dx.doi.org/10.1016/j.jep.2012.03.029
http://www.ncbi.nlm.nih.gov/pubmed/22469770
http://dx.doi.org/10.1007/s11010-015-2436-9
http://www.ncbi.nlm.nih.gov/pubmed/25971372
http://dx.doi.org/10.1016/j.taap.2014.09.016
http://www.ncbi.nlm.nih.gov/pubmed/25308879

Int. ]. Mol. Sci. 2017, 18, 1407 17 of 18

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Davis, C.A.; Nick, H.S.; Agarwal, A. Manganese superoxide dismutase attenuates cisplatin-induced renal
injury: Importance of superoxide. J. Am. Soc. Nephrol. 2001, 12, 2683-2690. [PubMed]

Park, HM.; Cho, ] M.; Lee, H.R.; Shim, G.S.; Kwak, M.K. Renal protection by 3H-1,2-dithiole-3-thione
against cisplatin through the NRF2-antioxidant pathway. Biochem. Pharmacol. 2008, 76, 597-607. [CrossRef]
[PubMed]

Shino, Y.; Itoh, Y.; Kubota, T.; Yano, T.; Sendo, T.; Oishi, R. Role of poly(ADP-ribose)polymerase in
cisplatin-induced injury in LLC-PK1 cells. Free Radic. Biol. Med. 2003, 35, 966-977. [CrossRef]
Fernandez-Rojas, B.; Medina-Campos, O.N.; Hernandez-Pando, R.; Negrette-Guzman, M.; Huerta-Yepez, S.;
Pedraza-Chaverri, J. C-phycocyanin prevents cisplatin-induced nephrotoxicity through inhibition of
oxidative stress. Food Funct. 2014, 5, 480-490. [CrossRef]| [PubMed]

Bedard, K.; Krause, K.H. The nox family of ROS-generating nadph oxidases: Physiology and pathophysiology.
Physiol. Rev. 2007, 87, 245-313. [CrossRef] [PubMed]

Thallas-Bonke, V.; Jha, ].C.; Gray, S.P; Barit, D.; Haller, H.; Schmidt, H.H.; Coughlan, M.T.; Cooper, M.E.;
Forbes, ].M.; Jandeleit-Dahm, K.A. Nox-4 deletion reduces oxidative stress and injury by PKC-«-associated
mechanisms in diabetic nephropathy. Physiol. Rep. 2014, 2. [CrossRef] [PubMed]

Gao, L.; Wu, WE; Dong, L.; Ren, G.L.; Li, HD.; Yang, Q.; Li, X.E; Xu, T.; Li, Z.; Wu, B.M.; et al. Protocatechuic
aldehyde attenuates cisplatin-induced acute kidney injury by suppressing Nox-mediated oxidative stress
and renal inflammation. Front. Pharmacol. 2016, 7, 479. [CrossRef] [PubMed]

Liu, H.; Baliga, M.; Baliga, R. Effect of cytochrome p450 2E1 inhibitors on cisplatin-induced cytotoxicity to
renal proximal tubular epithelial cells. Anticancer Res. 2002, 22, 863-868. [PubMed]

Valko, M.; Leibfritz, D.; Moncol, J.; Cronin, M.T.; Mazur, M.; Telser, J. Free radicals and antioxidants in
normal physiological functions and human disease. Int. J. Biochem. Cell Biol. 2007, 39, 44-84. [CrossRef]
[PubMed]

Liu, H.; Baliga, R. Cytochrome p450 2E1 null mice provide novel protection against cisplatin-induced
nephrotoxicity and apoptosis. Kidney Int. 2003, 63, 1687-1696. [CrossRef] [PubMed]

Domitrovic, R.; Cvijanovic, O.; Susnic, V.; Katalinic, N. Renoprotective mechanisms of chlorogenic acid in
cisplatin-induced kidney injury. Toxicology 2014, 324, 98-107. [CrossRef] [PubMed]

Nojiri, T.; Hosoda, H.; Kimura, T.; Tokudome, T.; Miura, K.; Takabatake, H.; Miyazato, M.; Okumura, M.;
Kangawa, K. Protective effects of ghrelin on cisplatin-induced nephrotoxicity in mice. Peptides 2016, 82, 85-91.
[CrossRef] [PubMed]

He, X.; Li, C.; Wei, Z.; Wang, J.; Kou, J.; Liu, W,; Shi, M.; Yang, Z.; Fu, Y. Protective role of apigenin in
cisplatin-induced renal injury. Eur. J. Pharmacol. 2016, 789, 215-221. [CrossRef] [PubMed]

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

Aktan, F. Inos-mediated nitric oxide production and its regulation. Life Sci. 2004, 75, 639-653. [CrossRef]
[PubMed]

Itzkowitz, S.H. Molecular biology of dysplasia and cancer in inflammatory bowel disease. Gastroenterol. Clin.
N. Am. 2006, 35, 553-571. [CrossRef] [PubMed]

Honma, S.; Takahashi, N.; Shinohara, M.; Nakamura, K.; Mitazaki, S.; Abe, S.; Yoshida, M. Amelioration of
cisplatin-induced mouse renal lesions by a cyclooxygenase (COX)-2 selective inhibitor. Eur. J. Pharmacol.
2013, 715, 181-188. [CrossRef] [PubMed]

Jiang, M.; Dong, Z. Regulation and pathological role of p53 in cisplatin nephrotoxicity. J. Pharmacol. Exp. Ther.
2008, 327, 300-307. [CrossRef] [PubMed]

Lee, KW,; Jeong, ].Y; Lim, B.J.; Chang, YK,; Lee, S.J.; Na, K.R.; Shin, Y.T.; Choi, D.E. Sildenafil attenuates
renal injury in an experimental model of rat cisplatin-induced nephrotoxicity. Toxicology 2009, 257, 137-143.
[CrossRef] [PubMed]

Yousef, M.I.; Hussien, H.M. Cisplatin-induced renal toxicity via tumor necrosis factor-«, interleukin 6, tumor
suppressor p53, DNA damage, xanthine oxidase, histological changes, oxidative stress and nitric oxide in
rats: Protective effect of ginseng. Food Chem. Toxicol. 2015, 78, 17-25. [CrossRef] [PubMed]

Checinska, A.; Hoogeland, B.S.; Rodriguez, J.A.; Giaccone, G.; Kruyt, FA. Role of XIAP in inhibiting
cisplatin-induced caspase activation in non-small cell lung cancer cells: A small molecule Smac mimic
sensitizes for chemotherapy-induced apoptosis by enhancing caspase-3 activation. Exp. Cell Res. 2007,
313, 1215-1224. [CrossRef] [PubMed]


http://www.ncbi.nlm.nih.gov/pubmed/11729237
http://dx.doi.org/10.1016/j.bcp.2008.06.021
http://www.ncbi.nlm.nih.gov/pubmed/18656455
http://dx.doi.org/10.1016/S0891-5849(03)00470-2
http://dx.doi.org/10.1039/C3FO60501A
http://www.ncbi.nlm.nih.gov/pubmed/24503583
http://dx.doi.org/10.1152/physrev.00044.2005
http://www.ncbi.nlm.nih.gov/pubmed/17237347
http://dx.doi.org/10.14814/phy2.12192
http://www.ncbi.nlm.nih.gov/pubmed/25367693
http://dx.doi.org/10.3389/fphar.2016.00479
http://www.ncbi.nlm.nih.gov/pubmed/27999546
http://www.ncbi.nlm.nih.gov/pubmed/12014663
http://dx.doi.org/10.1016/j.biocel.2006.07.001
http://www.ncbi.nlm.nih.gov/pubmed/16978905
http://dx.doi.org/10.1046/j.1523-1755.2003.00908.x
http://www.ncbi.nlm.nih.gov/pubmed/12675844
http://dx.doi.org/10.1016/j.tox.2014.07.004
http://www.ncbi.nlm.nih.gov/pubmed/25043994
http://dx.doi.org/10.1016/j.peptides.2016.06.003
http://www.ncbi.nlm.nih.gov/pubmed/27298204
http://dx.doi.org/10.1016/j.ejphar.2016.07.003
http://www.ncbi.nlm.nih.gov/pubmed/27388142
http://dx.doi.org/10.1172/JCI200215606
http://www.ncbi.nlm.nih.gov/pubmed/12235115
http://dx.doi.org/10.1016/j.lfs.2003.10.042
http://www.ncbi.nlm.nih.gov/pubmed/15172174
http://dx.doi.org/10.1016/j.gtc.2006.07.002
http://www.ncbi.nlm.nih.gov/pubmed/16952740
http://dx.doi.org/10.1016/j.ejphar.2013.05.023
http://www.ncbi.nlm.nih.gov/pubmed/23747596
http://dx.doi.org/10.1124/jpet.108.139162
http://www.ncbi.nlm.nih.gov/pubmed/18682572
http://dx.doi.org/10.1016/j.tox.2008.12.017
http://www.ncbi.nlm.nih.gov/pubmed/19152827
http://dx.doi.org/10.1016/j.fct.2015.01.014
http://www.ncbi.nlm.nih.gov/pubmed/25640527
http://dx.doi.org/10.1016/j.yexcr.2006.12.011
http://www.ncbi.nlm.nih.gov/pubmed/17291493

Int. ]. Mol. Sci. 2017, 18, 1407 18 of 18

55.

56.

57.

58.

59.

60.

61.

62.

Guo, F; Li, Y,; Liu, Y;; Wang, ].; Li, G. ARL6IP1 mediates cisplatin-induced apoptosis in caski cervical cancer
cells. Oncol. Rep. 2010, 23, 1449-1455. [PubMed]

Liu, W,; Zheng, Y,; Han, L.; Wang, H.; Saito, M.; Ling, M.; Kimura, Y.; Feng, Y. Saponins (ginsenosides) from
stems and leaves of Panax quinquefolium prevented high-fat diet-induced obesity in mice. Phytomedicine
2008, 15, 1140-1145. [CrossRef] [PubMed]

Li, W.; Qu, X.N.; Han, Y.; Zheng, S.W.; Wang, ].; Wang, Y.P. Ameliorative effects of 5-hydroxymethyl-2-furfural
(5-HMF) from schisandra chinensis on alcoholic liver oxidative injury in mice. Int. J. Mol. Sci. 2015,
16, 2446-2457. [CrossRef] [PubMed]

Ramesh, G.; Reeves, W.B. Salicylate reduces cisplatin nephrotoxicity by inhibition of tumor necrosis factor-a.
Kidney Int. 2004, 65, 490-499. [CrossRef] [PubMed]

Li, W,; Liu, Y;; Wang, Z.; Han, Y;; Tian, Y.H.; Zhang, G.S; Sun, Y.S.; Wang, Y.P. Platycodin D isolated from
the aerial parts of platycodon grandiflorum protects alcohol-induced liver injury in mice. Food Funct. 2015,
6,1418-1427. [CrossRef] [PubMed]

Li, W.; Xu, Q.; He, Y.F; Liu, Y;; Yang, S.B.; Wang, Z.; Zhang, J.; Zhao, L.C. Anti-tumor effect of steamed
codonopsis lanceolata in H22 tumor-bearing mice and its possible mechanism. Nutrients 2015, 7, 8294-8307.
[CrossRef] [PubMed]

Xu, X.Y,; Hy, J.N,; Liu, Z; Zhang, R.; He, Y.E; Hou, W.; Wang, Z.Q.; Yang, G.; Li, W. Saponins (ginsenosides)
from the leaves of panax quinquefolius ameliorated acetaminophen-induced hepatotoxicity in mice. J. Agric.
Food Chem. 2017, 65, 3684-3692. [CrossRef] [PubMed]

Li, W.; Zhang, M,; Gu, ]J.; Meng, Z.].; Zhao, L.C.; Zheng, Y.N.; Chen, L.; Yang, G.L. Hypoglycemic effect
of protopanaxadiol-type ginsenosides and compound K on type 2 diabetes mice induced by high-fat diet
combining with streptozotocin via suppression of hepatic gluconeogenesis. Fitoterapia 2012, 83, 192-198.
[CrossRef] [PubMed]

@ © 2017 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://www.ncbi.nlm.nih.gov/pubmed/20372863
http://dx.doi.org/10.1016/j.phymed.2008.07.002
http://www.ncbi.nlm.nih.gov/pubmed/18768305
http://dx.doi.org/10.3390/ijms16022446
http://www.ncbi.nlm.nih.gov/pubmed/25622257
http://dx.doi.org/10.1111/j.1523-1755.2004.00413.x
http://www.ncbi.nlm.nih.gov/pubmed/14717919
http://dx.doi.org/10.1039/C5FO00094G
http://www.ncbi.nlm.nih.gov/pubmed/25927324
http://dx.doi.org/10.3390/nu7105395
http://www.ncbi.nlm.nih.gov/pubmed/26426041
http://dx.doi.org/10.1021/acs.jafc.7b00610
http://www.ncbi.nlm.nih.gov/pubmed/28429935
http://dx.doi.org/10.1016/j.fitote.2011.10.011
http://www.ncbi.nlm.nih.gov/pubmed/22056666
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Effects of P. quinquefolius (PQS) on Renal Dysfunction in Cisplatin-Treated Mice 
	Effects of PQS on Oxidative Stress of Kidney in Cisplatin-Treated Mice 
	Effects of PQS on Histopathological Changes of Kidney in Cisplatin-Treated Mice 
	Effects of PQS on Inflammation of Kidney in Cisplatin-Treated Mice 
	Effects of PQS on Apoptosis of Kidney in Cisplatin-Treated Mice 

	Discussion 
	Materials and Methods 
	Materials and Kits 
	Animals and Experimental Protocol 
	Assessment of Biochemical Parameters 
	Determination of Inflammatory Cytokines 
	Histopathological Examination 
	Hoechst 33258 Staining Analysis 
	TUNEL Staining Analysis 
	Immunohistochemistry (IHC) and Immunofluorescence Analysis 
	Real-Time PCR Analysis 
	Western Blotting Analysis 
	Statistical Analysis 

	Conclusions 

