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We previously discovered the antioxidant and antiprostate cancer eﬀects of antler extract (AE), but whether it inhibits cisplatin(Cis-) induced toxicity has not been investigated. In this study, the eﬀect of AE on Cis-induced side eﬀects in the kidney and liver
using 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide-based cytotoxicity and cell cycle assays in prostate
cancer PC-3 cells in vitro is investigated. Furthermore, we used a xenograft mouse model of the same cells to examine the in vivo
eﬀects and mechanisms of action. Cis and Cis + AE treatment attenuated prostate cancer cell growth by inducing apoptosis in
vitro. Cis + AE stimulated cleaved caspases 3, 7, and 9 and polyadenosine diphosphate ribose polymerase expression. Cis + AE
treatment for 1 week signiﬁcantly increased the superoxide dismutase and catalase antioxidant activity while thiobarbituric acid
reactive substances decreased. The histopathological damage and tumor necrosis factor-α, interleukin- (IL-) 1β and IL-6,
cyclooxygenase-2, and inducible nitric oxide synthase expression in the kidney and liver tissue decreased. Therefore, AE likely
possesses antiprostate cancer activity and inhibits Cis toxicity.

1. Introduction
Prostate cancer (PC) is one of the most common malignancies and represents the second most common cause of
cancer-associated mortalities among men in the US [1]. PC
is divided into two types: hormone-dependent and
hormone-independent. Hormonal therapy remains the most
eﬀective therapy for patients with advanced PC by inhibiting
proliferation and inducing apoptosis of tumor cells
(hormone-dependent) [2]. However, after short-term remissions (18–24 months), the growth of surviving tumor
cells recurs with castrate-resistant prostate cancer (CRPC)
with inevitable progression and death within 2 to 3 years in
most men (hormone-independent) [3, 4].

Cisplatin (Cis) is a widely used anticancer drug and
one of the most potent antitumor drugs used against
a wide spectrum of malignancies including PC, testicular,
bladder, head and neck, ovarian, breast, and lung cancer
[5–10]. Indeed, it is used to treat 50% of all cancers [11].
Cis, a neutral inorganic and square planar complex, acts by
binding with DNA to form adducts leading to unique
cellular responses that mainly culminate in apoptosis
induction [12]. Despite its use as a chemotherapeutic
agent, Cis exerts serious side eﬀects in several organs
including the kidneys and liver [13, 14] mainly due to its
high accumulation in these organs [14, 15]. There is evidence implicating oxidative stress in the pathogenesis of
Cis-induced kidney and liver injury, mediated by
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increased reactive oxygen species [16–19]. Therefore, there
is an urgent need to discover a novel, less toxic substance
without potent antitumor activity.
Velvet antler, the unossiﬁed antler of Cervus elaphus, is
well known as an animal-based folk medicine widely used in
Asia as an alternative oriental medicine to treat various diseases
including osteoarthritis, myocardial infarction, hypertension,
breast cancer, and PC [20–24]. Our previous research showed
that antler extract (AE) exhibited antioxidant and antiprostate
cancer activity [24, 25]. However, the inhibitory eﬀect of AE on
Cis-induced toxicity has not been investigated, and therefore,
the present study investigated this phenomenon for the ﬁrst
time.

2. Materials and Methods
2.1. Materials. Cis, protease inhibitor cocktail, radioimmunoprecipitation assay (RIPA) buﬀer, 2-propanol, 3-(4,5dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT), dimethyl sulfoxide (DMSO), chloroform, and
propidium iodide were purchased from Sigma-Aldrich
Chemicals (St. Louis, MO, USA). Cycle script reverse transcription (RT) premix (dT20), RT/polymerase chain reaction
(PCR) premix, and the 100 bp DNA Ladder were obtained
from BIONEER (Daejeon, Korea). Trizol reagent, diethyl
pyrocarbonate- (DEPC-) treated water, bicinchoninic acid
(BCA) protein assay reagents A and B, Ponceau S, and the lane
marker sample buﬀers were purchased from Thermo Scientiﬁc
(Waltham, MA, USA). RNase A and Tween-20 were supplied
by Novagen (Darmstadt, Germany). The PC-3 human prostate
cancer cell line was obtained from the Korean Cell Line Bank
(Seoul, Korea, KCLB number: 21435). The Roswell Park
Memorial Institute (RPMI) 1640 medium, fetal bovine
serum (FBS), penicillin/streptomycin (P/S), 0.5% trypsinethylenediaminetetraacetic acid (EDTA), and phosphatebuﬀered saline (PBS) for the cells culture were from Invitrogen (Carlsbad, CA, USA).
2.2. Preparation of Extracts. The antler sample was extracted
according to a previously reported method [25]. In brief,
the antlers were harvested at approximately growing day 50
and then were divided into three segments: top, middle,
and base. In this study, we used the top segments, which
were lyophilized and homogenized with a grinder, and
then, 100 g was extracted with 1000 mL boiling distilled
water (DW) for 1 h. The AE was subsequently ﬁltered
(0.25 µm pore size) and then lyophilized using a freeze
dryer for 5 days.
2.3. Cell Culture. The PC-3 cells were cultured in the RPMI
1640 medium supplemented with 10% FBS and 1% P/S
exposed to a 5% CO2 atmosphere at 37°C. For the migration assay, the cells were seeded at a density of 5.0 × 105
cells/well in a six-well culture plate, incubated for 24 h,
treated with 125–1,000 µg/mL of AE for 24 h, and then
harvested for analysis.
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2.3.1. Cytotoxic Assessment Using MTT Assay. The cell
cytotoxicity was determined using the MTT assay. The
assay is based on the principle that the yellow tetrazolium
salt is metabolized by viable cells to purple formazan
crystals in a reaction catalyzed by mitochondrial succinyl
dehydrogenase.
In brief, PC-3 cells were seeded at 1.9 × 104 cells/well in
96-well microtiter plates in the complete medium (RPMI
with 10% FBS and 1% P/S) and incubated for 24 h exposed to
a 5% CO2 atmosphere at 37°C. Then, 200 µL samples of the
solution in the medium were transferred to the wells, followed by a 24 h incubation, and then, the MTT solution
(ﬁnal concentration, 0.5 mg/mL) was added to each well.
After a 4 h incubation, the medium was aspirated, the purple
crystals were dissolved in DMSO, and the absorbance of the
resulting solution in each well was measured at 540 nm using
a microplate reader.
2.3.2. Cell Cycle. For the cell cycle analysis, the harvested
cells were ﬁxed with ethanol (with 0.5% Tween-20) for 8–
24 h, washing with 1× PBS, incubated with 50 µg/mL propidium iodide and 1 µg/mL RNase A at 37°C for 30 min, and
then analyzed using ﬂow cytometry using the ﬂuorescenceactivated cell sorting (FACS) system (BD, Franklin Lakes,
NJ, USA). The cells of the sub-G1 population were considered apoptotic, and the percentage of each cell cycle phase
was determined.
2.4. Animal Experiments. The nude male BALB/c mice
(15–17 g and 8-week-old) used in the present study were
provided by Samtako Bio Co, (Osan, Korea). They were
maintained in an air-conditioned room (20–25°C) under
a 12 h light/dark cycle with free access to food and water. The
mice were acclimatized to the new environment for 1 week
before the commencement of the experiment (Figure 1). The
mice were inoculated subcutaneously with 6.5 × 105 PC-3
cells suspended in 100 µL PBS thrice weekly. When the
xenograft tumors reached a volume of approximately
100 mm3, the mice were randomly assigned to four groups (n
� 6/group) and were treated as follows. Group 1 (sham
control) was administered PBS, Group 2 received 20 mg/kg
body weight Cis, and Groups 3 and 4 each received 20 mg/kg
body weight Cis, followed by 200 and 400 mg/kg body
weight AE (AE low dose (AEL) and high dose (AEH)). The
doses of Cis and the extract concentrations were selected
based on previous studies [26–30]. At the end of the
treatment, the gavage tube was left in place for several
seconds to avoid regurgitation and ensure the total calculated dose was administered. The tumor sizes were monitored every 2 days using a digital caliper, and the tumor
volumes were calculated using the formula: L × S2 × 0.5,
where L and S represent the longest and shortest tumor
diameters, respectively [31]. The mice were also weighed.
The extract was administered once daily at a ﬁxed time for
the entire 2-week experiment. At the end of the experiment,
all the mice were fasted overnight, and the xenograft tumors
were rapidly excised and weighed. One part of each excised
tumor was immediately placed in liquid nitrogen for western
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Figure 1: Scheme of the xenograft tumor model. Negative control (NC, phosphate-buﬀered saline (PBS), 200 µL), antler extract (AE
400 mg/kg), control (Con, PBS 200 µL + tumor cells), cisplatin (Cis 20 mg/kg + tumor cells), Cis + AE low dose (AEL, 200 mg/kg + Cis
20 mg/kg + tumor cells), and Cis + AE high dose (AEH, 400 mg/kg + Cis 20 mg/kg + tumor cells). From day 0, mice were injected thrice
weekly, and CON, Cis, AEL, and AEH groups were left for 1 week. When the xenograft tumor volumes were approximately 100 mm3, mice
were randomly assigned to four groups and treated accordingly.

blot analysis, while the other was ﬁxed in 10% neutralbuﬀered formalin for immunohistochemical analysis.
Blood samples were collected from the heart. All animal care
procedures and experiments were approved by the Institutional Animal Care and Use Committee of Konkuk
University (KU15114).
2.5. RNA Isolation and mRNA Expression Analysis. RNA was
isolated from the cells using Trizol according to the manufacturer’s protocol. The ﬁrst-strand complementary DNA
(cDNA) was synthesized using Superscript II reverse transcriptase (Invitrogen). The PCR was performed as previously
described, except for the following primer set: tumor necrosis factor- (TNF-) α (sense, 5′-ACC AGG AGA GAA
AGT CAA CCT C-3′, and antisense, 5′-GGA CTC CGC
AAA GTC TAA GT-3′), interleukin- (IL-) 1β (sense, 5′TCT GTG ACT CAT GGG ATG AT-3′, and antisense, 5′TAT TTT TGT CGT TGC TTG GTT-3′) and IL-6 (sense, 5′GAG ACT TCC ATC CAG TTG C-3′, and antisense, 5′CTC TTT TCT CAT TTC CAC GA-3′), cyclooxygenase(COX-) 2 (sense, 5′-CCC CTC TCT ACG CAT TCT AT-3′,
and antisense, 5′-AGG TCG TTT GTT GGG ATT AT-3′),
inducible nitric oxide synthase (iNOS) (sense, 5′- ATC ATG
AAC CCC AAG AGT TT-3′, and antisense, 5′-AGA GTG
AGC TGG TAG GTT CC-3′), and glyceraldehyde 3-phosphate dehydrogenase (GAPDH, sense, 5′-GGT TGT CTC
CTG CGA CTT CA-3′, and antisense, 5′- TAG GGC CTC
TCT TGC TCA GT-3′), which was used as the internal
control.
2.5. Western Blotting. The cell extracts were prepared using
the detergent lysis procedure as described elsewhere [24].
Protein samples (40 µg) were electrophoresed using Novex
4%–12% Bis-Tris gels (Life Technologies, Carlsbad, CA,
USA) and then transferred to nitrocellulose membranes for

7 min using the iBlot dry blotting system (Life Technologies). The membranes were blocked overnight at 4°C with
clear milk (Thermo Scientiﬁc, IL, USA) and then subsequently incubated with primary antibodies (1 : 2000 in 1×
Tris-buﬀered saline plus Tween (TBST) for 1 h. Antibodies
against Cox-2, iNOS, and actin were purchased from Santa
Cruz Biotechnology. Polyadenosine diphosphate (ADP)
ribose polymerase (cleaved PARP; caspases 3, 7, and 9;
cleaved caspases 3, 7, and 9; and B-cell lymphoma-2 (Bcl2)) and Bcl-2-associated X protein (Bax) antibodies were
from Cell Signaling Technology (Danvers, MA, USA). The
goat anti-rabbit and goat anti-mouse horseradish
peroxidase-conjugated secondary antibodies (Santa Cruz
Biotechnology, Dallas, TX, USA) were used (1 : 2000, in 1×
TBST). Equal protein loading was ascertained using
Ponceau S staining of the blotted membranes and western
blotting with β-actin bodies. Immunodetection was performed using an enhanced chemiluminescence detection
kit (Amersham Pharmacia, Piscataway, NJ, USA). Goat
anti-rabbit and goat anti-mouse horseradish peroxidaseconjugated secondary antibodies (Santa Cruz Biotechnology, Dallas, TX, USA) were used (1 : 2000, in 1×
TBST).
2.5. Serum Biochemical Parameters. Serum was obtained by
centrifuging the blood samples at 3,500 g for 15 min at 4°C.
The superoxide dismutase (SOD), catalase (CAT), and
thiobarbituric acid reactive substances (TBARS) assays
were performed using a kit (Cayman Chemical Co., MI,
USA).
2.6. Histological Analysis. The kidneys and livers of the mice
were ﬁxed with 10% paraformaldehyde and embedded in
paraﬃn blocks, which were then cut into 5 µm thick sections,
deparaﬃnized, and stained with hematoxylin and eosin
(H&E).
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2.7. Statistical Analysis. The data are presented as the mean
± standard error (SE) of triplicate experiments. The statistical analyses were performed using the statistical
analysis software (SAS) program (SAS Institute, USA).
The treatment eﬀects were analyzed using a one-way
analysis of variance (ANOVA), followed by Dunnett’s
multiple range tests. The statistical signiﬁcance was deﬁned at p < 0.05.

3. Results
3.1. Eﬀect of Cis and AE on Growth and Morphology of PC-3
Cells In Vitro. The eﬀects of Cis and AE on the proliferation
of PC-3 cells were investigated. The cell line was cultured in
vitro with the same concentration of Ci (200 µM) and
diﬀerent concentrations of AE (125–1,000 µg/mL) for 24 h,
and cell viability was measured using the MTT assay. The
results demonstrated that the proliferation of PC-3 cells
decreased more in the Cis and Cis + AE groups than it
did in the control group. Moreover, Cis + AE (500 and
1,000 µg/mL) signiﬁcantly decreased to Cis (Figure 2(a)).
Therefore, Cis + AE 500 and 1,000 µg/mL were selected for
the apoptosis study.
The PC-3 cells line used was treated for 24 h. Light
microscopy of the Cis-, Cis + AEL-, and Cis + AEHtreated PC-3 cells showed a signiﬁcant morphological
change. As shown in Figure 2(b), the control group cells
did not show any apoptotic characteristics. However, Cis
and AE treatment dramatically and dose-dependently
induced cell morphology changes including shrinkage
and detachment. Consistent with the cell viability results,
PC-3 cells cultured with Cis + AEL and Cis + AEH showed
more marked morphological changes than cells cultured
with Cis alone, suggesting that AE may induce more
apoptosis.
3.2. Apoptotic Eﬀects of Cis and AE in PC-3 Cells. Flow
cytometric analysis was used to determine the cell cycle
distribution of the PC-3 cells in the absence and presence of
Cis and AE for 24 h. As indicated in Figure 3, Cis, Cis + AEL,
and Cis + AEH showed no signiﬁcant changes in the percentage of cells in the G1, S, and G2 phases compared with
the basal level (control). Speciﬁcally, there was a 51.4%,
62.6%, and 69.8% increase in the G1, S, and G2 apoptosis
phases, respectively, compared with that of the control. The
results indicated that Cis + AEL and Cis + AEH induced
apoptosis more potently than Cis did.
3.3. Eﬀect of AE on Apoptotic Protein Expression in PC-3 Cells.
To determine whether the apoptotic eﬀects of Cis and
AE were mediated by the caspase-dependent apoptosis
pathway, the Cis-, Cis + AEL-, and Cis + AEH-treated cells
were analyzed using western blotting of intracellular full
length and cleaved PARP, caspases 3, 7, and 9, and Bax and
Bcl-2 (Figure 4). The results (Figures 4(b)–4(i)) showed that
treatment with AEL and AEH decreased the inactive PARP
and caspases 7 and 9, but the active cleaved PARP and
caspases 3, 7, and 9 signiﬁcantly increased gradually over
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the concentrations tested. This observation indicates that
AE induced self-cleavage of caspases 3, 7, and 9 and PARP
to activate the downstream signaling pathway. Bcl-2 family
proteins aﬀect cellular apoptosis by regulating cytochrome
C release, which then mediates caspase activation. Therefore, the eﬀects of Cis, Cis + AEL, and Cis + AEH on the
protein expression of antiapoptotic Bcl-2 and proapoptotic
Bax were evaluated. In Figures 4(j) and 4(k), treatment with
AEL and AEH signiﬁcantly decreased the protein expression of Bcl-2 and signiﬁcantly increased that of Bax
compared to the Cis group. Taken together, these
data suggest that AE played a role in the induction of
apoptosis.
3.4. Eﬀect of AE on Cis-Induced Changes in Food Intake and
Body Weight. To analyze the eﬀects of AE and Cis on food
intake and body weight, the animals were treated with the
vehicle (NC), AEH, Cis + AEL, and Cis + AEH. Administration of Cis reduced the food intake and body weight, but
AE treatment signiﬁcantly increased the food intake and
body weight (Figure 5). In addition, the AEH and control
groups exhibited no signiﬁcant eﬀects on food intake and
body weight. Therefore, high-dose AE did not show toxic
eﬀects in nude mice and was used for the subsequent
experiments.
3.5. Eﬀect of AE on Cis-Induced Alterations of Antioxidants.
The eﬀects of Cis and AE on the antioxidant enzymes, SOD
and CAT, in mice are shown in Figures 6(a)–6(c). As illustrated
in Figures 6(a) and 6(b), exposure to Cis decreased the SOD
and CAT activities, but the activities signiﬁcantly increased in
the Cis + AE groups. In contrast, the TBARS contents signiﬁcantly increased in the Cis-treated group but signiﬁcantly
decreased in the Cis + AE groups (Figure 6(c)). In mice administered with AE only, the SOD and CAT activities were
highest, while the TBARS content was the lowest. Therefore,
AE alleviated the changes induced by oxidative stress.
3.6. Eﬀect of Cis and AE on Expression of InﬂammationRelated Genes in Kidney and Liver. We also investigated
the expression of inﬂammation-related genes in the
kidney and liver. Initially, the mRNA expression levels of
TNF-α, IL-1β, IL-6, COX-2, and iNOS in the kidney
tissues were estimated. As shown in Figure 7, kidney
tissues from Cis + AE-treated groups showed signiﬁcantly
decreased TNF-α, IL-1β, COX-2, and iNOS expression
compared with that of the Cis-treated group. However, no
signiﬁcant change was observed in the expression of IL-6.
The results of the liver tissue analysis (Figure 8) were
similar to those of the kidney. Speciﬁcally, treatment with
Cis + AE signiﬁcantly decreased the kidney tissue expression of TNF-α, IL-1β, IL-6, COX-2, and iNOS compared with that of the Cis group.
3.7. Eﬀect of Cis and AE on Histology of Kidney and Liver
Tissues. As shown in Figure 9(a), the normal group showed
normal histology of the mouse kidneys (the glomeruli,
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FIGURE 2: Antiproliferative eﬀect of cisplatin (Cis) and Cis plus antler extract (AE, 125–1,000 µg/mL) in PC-3 prostate cancer cells. Cis
(200 µM), Cis + AE1 (Cis 200 µM + AE 125 µg/mL), Cis + AE2 (Cis 200 µM + AE 250 µg/mL), Cis + AE3 (Cis 200 µM + AE 500 µg/mL), and
Cis + AE4 (Cis 200 µM + AE 1,000 µg/mL). a–dMeans with diﬀerent superscript in the same row are diﬀerent (p < 0.05).

tubules, interstitium, and blood vessels). The Cis group
exhibited proteinaceous casts in the tubular lumen. In addition, the Cis group showed inﬂammation of the blood
vessels, increased thickness of Bowman’s capsules, and
decreased glomerulus size. Cis + AEH treatment improved
the kidney histopathology by reducing the inﬂammation of
the blood vessels and the glomerulus size, which was similar
to that of the normal group.
The normal microscopic architecture of the liver is
composed of hexagonal lobules and acini. Hexagonal
lobules are centered on the central vein (CV) and have
a portal triad containing branches of the portal vein (PV),
hepatic artery (HA), and bile duct (BD). The liver sections
from the Cis-treated group exhibited severe congestion of
the CV and moderate disorganization of the hepatic cords
(Figure 9(b)). In the Cis + AEH group, the liver sections
showed mild congestion of the CV and mild disorganization of hepatic cords.

4. Discussion
AE has several pharmacological properties and has been used
in the clinical treatment of numerous diseases [21–24, 32, 33].
Cis has been shown to cause hepatotoxicity, nephrotoxicity,
and other side eﬀects, which limit its use [34]. The increased
incidence and mortality of PC and the current unsatisfactory
treatment options for CRPC has increased the focus on the
combination of Cis and natural-based medicines because of
the advantage of decreased toxicity.
The present study reveals for the ﬁrst time that AE
treatment inhibited the apoptosis of PC-3 cells. Furthermore, AE treatment protected against Cis-induced kidney
and liver injury in a PC-3 cell xenograft model. First, we
investigated the eﬀect of Cis and AE on the proliferation of
PC-3 cells. AE treatment signiﬁcantly reduced the viability of
PC-3 cells and dramatically deteriorated the cell morphology, inducing cell shrinkage and detachment. Apoptosis is
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Figure 3: Cell cycle analysis of PC-3 prostate cancer cells. Cell cycle distribution was analyzed on a minimum of 1 × 104 cells. (a) PC-3 cells
treated with cisplatin (Cis) and antler extract (AE). (b) Data from the cell cycle analysis were quantiﬁed and presented as a graph to illustrate
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characterized by a series of typical morphological events
such as cell shrinkage and detachment, and our present
results are similar to those of Sarastea and Pulkkic [35].
Thus, the eﬀect of AE on cell viability and morphology may
suggest that AE is likely to induce apoptosis of these cells.
In cancer, the normal mechanisms of cell cycle regulation are dysfunctional, with an over proliferation or

decreased removal of cells or both [36]. In fact, the suppression of apoptosis during carcinogenesis is thought to
play a central role in the development and progression of
some cancers [37, 38]. Various molecular mechanisms
mediate the suppression of apoptosis by tumor cells. The
eﬀect of Cis and AE on the cell cycle progression was
evaluated in PC-3 cells, and our results are similar to those of
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Figure 4: Apoptotic eﬀect of cisplatin (Cis) and antler extract (AE) on PC-3 prostate cancer cells. β-Actin was used as a loading control.
Results were similar in three independent experiments. a–dMeans with diﬀerent superscript in the same row are diﬀerent (p < 0.05).

Gumulec et al. [34] showing that Cis increased apoptosis of
the PC cell model. To improve the current understanding of
the apoptotic eﬀect of Cis and AE, the expression levels of
apoptosis-related genes were estimated. The released cytochrome c interacts with apoptotic protease-activating factor
1 and forms an apoptosome that activates caspase 9, leading
to the activation of downstream caspases 3 and 7 and the
apoptotic death response [39–42]. The extrinsic pathway is
triggered in response to proapoptotic ligands, which bind
and activate speciﬁc proapoptotic death receptors [36, 37].
In our study, treatment with AEL and AEH indicated that
AE induces self-cleavage of PARP and caspases 3, 7, and 9 to
activate downstream signaling pathway. Cis-induced cell
death involves multiple pathways [43]. Khan et al. [44]
reported that Cis alters the mitochondrial membrane
potential, activates Bax, reduces Bcl-2, and shifts the
Bax/Bcl-2 ratio in a proapoptotic direction in PC-3 cells.
The AE + Cis groups exhibited signiﬁcantly decreased and

increased protein expression of Bcl-2 and Bax, respectively, compared to that of the Cis group.
Despite being widely used, Cis as chemotherapy is
limited by its toxicity [45, 46]. In the present investigation,
Cis-treated nude mice showed a signiﬁcant decrease in body
weight and percentage survival. Cis-induced weight loss
might be due to gastrointestinal toxicity and reduction of
food ingestion [47]. Pretreatment with AE markedly increased the food intake and body weight, indicating the
amelioration of Cis toxicity in the present study, which is
similar to the ﬁndings of Ahmed et al. [48].
Studies have provided evidence demonstrating that Cisinduced kidney and liver injury is mainly due to oxidative
stress [14, 17, 18, 43, 49]. The result of the present study
showed that Cis notably decreased the levels and activities
of both SOD and CAT and, thereby, impaired the antioxidant defense mechanisms in the kidneys. Moreover, the
lipid peroxidation marker, TBARS, signiﬁcantly increased
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Figure 5: Eﬀect of antler extract (AE) on cisplatin- (Cis-) induced changes in mouse food intake and body weight. (a) Mouse image, (b) food
intake, and (c) body weight. Normal control (NC, phosphate-buﬀered saline (PBS) 200 µL), AE (AE 400 mg/kg), Con (PBS 200 µL + tumor
cells), Cis (Cis 20 mg/kg + tumor cells), Cis + AEL (AE low dose 200 mg/kg + Cis 20 mg/kg + tumor cells), and Cis + AEH (AE high dose
400 mg/kg + Cis 20 mg/kg + tumor cells). a–dp < 0.05 compared with the Cis group.

in the Cis group. Pretreatment with AE improved the Cisinduced nephrotoxicity by signiﬁcantly enhancing SOD
and CAT and signiﬁcantly decreasing TBARS. Our results
appeared to be consistent with many previous ﬁndings that
indicated the nephrotoxic and hepatotoxic eﬀect of Cis, its
association with increased free radical formation, and the
subsequent induction of oxidative and nitrosative stress
[17, 50–52].
Inﬂammation plays an important role in the initiation
and progression of Cis-induced kidney and liver damage
[53–56]. Cis induces the release of a series of proinﬂammatory cytokines (TNF-α, IL-1β, COX2, and iNOS) and
causes the inﬁltration of leukocytes and macrophages into
damaged renal tissues [57]. In addition, apoptosis as well as
proinﬂammatory genes, inducible COX (COX-2) and iNOS,
may have critical roles in the mechanism of Cis-induced
acute kidney and liver damage [16, 49, 58]. The present study

shows that Cis-induced liver injury is accompanied by an
inﬂammatory reaction, evidenced by increased formation of
the proinﬂammatory cytokines TNF-α, IL-1β, and IL-6, as
well as increased COX-2 and iNOS expression. Cis + AE
signiﬁcantly decreased the expression levels of the
inﬂammation-related genes. These results are consistent
with the ﬁndings of many recently published studies
[48, 51, 52, 59–61].
Furthermore, inﬂammatory cells in the kidneys, as
evidenced by light microscopic examination (H&E staining)
of kidney tissues, were similar to those observed by Sahu
et al. [16]. In addition, our data also suggest that Cis caused
kidney pathologies including proteinaceous casts in the
tubular lumen, detachment of tubular cells, from the
basement membrane, and tubular necrosis.
The Cis + AE groups showed less damage than the Cis
group did. An et al. [62] and Atasayar et al. [63] found that
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Figure 8: Expression of inﬂammation-related gene expression in the liver tissue using reverse transcription-polymerase chain reaction (RTPCR) and western blotting. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as a control. Results were similar in three
independent experiments. Normal control (NC, phosphate-buﬀered saline (PBS) 200 µL), AE (AE 400 mg/kg), Con (PBS 200 µL + tumor
cells), Cis (Cis 20 mg/kg + tumor cells), Cis + AEL (AE low dose 200 mg/kg + Cis 20 mg/kg + tumor cells), and Cis + AEH (AE high dose
400 mg/kg + Cis 20 mg/kg + tumor cells). a–dMeans with diﬀerent superscript in the same row are diﬀerent (p < 0.05).

the histology of renal sections exhibited remarkable
vacuolation, necrosis, desquamation of epithelial cells,
and proteinaceous casts in renal tubules after intraperitoneal treatment with single doses of Cis. Cisinduced hepatotoxicity is mainly characterized by multiple histopathological lesions, swelling of the hepatocytes
with compressed blood sinusoid, fatty inﬁltration,

prominence of Kupﬀer cells near the mild to moderate
congestion of the HA, sinusoids, and PV, with dilatation
of the PV and moderate disorganization of hepatic cords.
A marked recovery was observed in the markers of liver
function after combination treatment with Cis + AE. Our
results are consistent with those results of Dkhil et al. [61]
and Palipoch and Punsawad [19]. Therefore, we suggest
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that the use of AE in combination with Cis in antiprostate
cancer therapy may contribute to reducing the Cisinduced toxicities.

Conflicts of Interest
The authors declare that there are no conflicts of interests
regarding the publication of this paper.

5. Conclusions
In conclusion, the protective effects of AE against Cisinduced kidney and liver injury were likely mediated by
the downregulation of apoptosis, oxidative stress, and inflammation and improvement of histological changes in vivo
and in vitro. From these results, we suggest that the use of AE
in combination with Cis in antiprostate cancer therapy may
contribute to reducing the Cis-induced toxicities.
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