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Summary

Safflower seed is effective against oxidative stress, mediating the activation of the apoptotic
signaling pathway in the renal tissues of cisplatin-treated mice. The anticancer activity
of safflower in various cancer cell lines has also been reported. The present study was
conducted to evaluate the potential synergistic anticancer effects of the co-treatment of
safflower seed extracts and cisplatin in RKO cells and in BALB/c mice bearing RKO cell-
derived human colorectal tumors. In the cellular system, RKO cells were treated with
safflower seed extract in the presence or absence of cisplatin for 48 h and the cytotoxicity
was evaluated by using microscopy. In the in vivo system, mice were injected with RKO cells
and subsequently orally administered 100 or 200 mg/kg body weight safflower seed extract
plus cisplatin-treated or untreated mice for 3 days to examine the inhibitory effect on the
tumor. Treatment with safflower seed extract or cisplain to RKO cells resulted in a greater
cell death than in with untreated cells. In the RKO cells co-treated with both safflower seed
extract and cisplatin, greater cell damage was observed. In addition, mice co-administered
safflower seed extract and cisplatin had lower concentrations of serum creatinine, which
were indicative of less damage to the kidney, and had a lower solid tumor mass and higher
expression of the caspase-3 protein. The results showed that safflower seed extract was
highly toxic to RKO cells and inhibited tumor growth in cisplatin-treated mice through
renoprotective effects.
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1. Introduction

resistance to these drugs is ubiquitous. Moreover, most
anticancer drugs are not selective toward cancer cells

Colorectal cancer has become one of the most common
cancers in Asian countries and is now considered a
serious health problem (/). Several factors have been
suggested to increase the risk of colon cancer (2).
Although many anticancer drugs have been developed,
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and attack rapidly dividing normal cells, which is a
known harmful side effect of topoisomerase inhibitors
[e.g. irinotecan (neutropenia and diarrhea), doxorubicin
(cardiotoxicity), and alkylating agents, such as
oxaliplatin, melphalan, carboplatin, cyclophosphamide,
and cisplatin (gastrointestinal toxicity, cardiovascular
toxicity, pulmonary, hematologic toxicity, and
nephrotoxicity)]. Thus, the development of an adjuvant
anticancer agent that protects against anticancer drug-
induced toxicity, but does not impair the efficacy of
chemotherapy, is an important clinical aim (3).

In the Asia-Pacific region, many plants have
traditional uses as foods and medicines. Many candidate
compounds have been identified for use in the prevention
of human cancers (4). Among various oriental herbs, the
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flowers and leaves of safflower (Carthamus tinctorius
L.), a member of the chrysanthemum family, have a
long history of use in traditional Chinese medicine in
treatments for stroke, gynecological diseases, coronary
heart disease, angina pectoris, and hypertension (5-
8). Furthermore, safflower has been used for centuries
to treat urological diseases in China (9), and the
consumption of safflower seed oil is popular worldwide.
Safflower seed is used as an herbal medicine in Korea
to promote bone formation and to treat osteoporosis and
rheumatism. Moreover, our previous study suggested
that safflower seed was effective against oxidative stress,
mediated the activation of the mitogen-activated protein
kinase (MAPK)-related apoptotic signaling pathway
in renal tissue, and exerted renoprotective effects in
cisplatin-treated mice (/0). Anticancer activity, through
the induction of cyclin D1 proteasomal degradation, has
also been reported in various human colorectal cancer
cell lines (/7). Thus, safflower seed may be a promising
candidate adjuvant anticancer agent.

Therefore, the present study examined whether
safflower seed extract acted synergistically as an
anticancer agent with cisplatin chemotherapy, and
evaluated its protective effect against cisplatin-induced
nephrotoxicity, in RKO cells and mice bearing RKO
cell-derived tumors.

2. Materials and Methods
2.1. Materials

Human colorectal carcinoma cell line, RKO, was
obtained from American Type Culture Collection
(Manassas, Virginia, USA). Minimum essential medium
(MEM) was purchased from Gibco Laboratories
(Paisley, UK). Fetal bovine serum (FBS) and
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] (MTT) were purchased from Sigma-Aldrich
Chemical Company (Dorset, UK). Six-well flat-bottom
tissue culture plates were purchased from Nunc Inc.
(Hereford, UK). Phenylmethylsulfonyl fluoride (PMSF)
was purchased from Sigma-Aldrich Co., Ltd. (St. Louis,
MO, USA) and protease inhibitor mixture solution
was obtained from Wako Pure Chemical Industries,
Ltd. (Osaka, Japan). Enhanced chemiluminescence
(ECL) western blotting detection reagents and pure
nitrocellulose membranes were purchased from GE
Healthcare (Buckinghamshire, UK). Primary antibodies
for the detection of caspase 3 and B-actin and goat anti-
rabbit and goat anti-mouse IgG horseradish peroxidase
(HRP)-conjugated secondary antibodies were purchased
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA,
USA). All chemicals and reagents were of analytical
grade and purchased from Sigma-Aldrich Co., Ltd.
unless otherwise specified.

2.2. Preparation of safflower seed extract

Safflower seeds were purchased from Geunyang
Oriental Medicine Co. (Chungju, Korea). A voucher
for the herbarium specimen, identified by a plant
systematist from the Herbal Crop Research Division,
was deposited at the Department of Medicinal Crop
Research, National Institute of Horticultural and Herbal
Science, Rural Development Administration (voucher
specimen No. MC20150528). The dried safflower
seeds were pulverized and ultrasonically extracted
twice in 70% ethanol (60 Hz, room temperature, 3 h).
Subsequently, the solvent was evaporated in vacuo to
obtain an extract with a yield of 4.65% by weight of the
original safflower seed.

2.3. Analysis of safflower seed extract

An aliquot of 10 mg of the 70% ethanol extract of
safflower seed was dissolved in 10 mL of 50% methanol
by repeated vortexing, and passed through a Dismic-25
JP membrane filter (Advantec Toyo, Tokyo, Japan; pore
diameter: 5 pm). Next, 5 uL of the sample was injected
into a reverse-phase HPLC system with an INNO C18
column (4.6 x 250 mm, 5 um pore size, Younglin
Biochrom, Korea) at 35°C. The mobile phase comprised
(A) a 0.1% aqueous solution of formic acid and (B)
acetonitrile, and the following gradient conditions were
used: 0 min, 0% B; 5 min, 6% B; 10 min, 22% B; 50
min, 28% B; 66 min, 50% B; and 70 min, 100% B.
The flow rate was 0.8 mL/min. The UV absorbance at
254 nm was monitored by using an Agilent 1200 series
diode array detector (Agilent Technologies, Waldbronn,
Germany). All peaks were assigned through co-injection
tests with authentic samples and comparison of the
UV spectral data; through this process, compounds
including serotonin and its derivatives were detected
from safflower seed extract. All measurements were
repeated in triplicate. Representative HPLC results are
illustrated in Figure 1. The quantification of serotonin,
N-(p-coumaroyl)serotonin, N-feruloyl serotonin, luteolin,
and luteolin-7-O-glucoside was achieved by peak arca
measurement. The quantity of each identified compound
is shown in Table 1.

2.4. Cell culture

The human colon cancer cell line RKO was maintained
and cultured in MEM supplemented with 10% FBS,
100 U/mL penicillin, and 100 pg/mL streptomycin at
37°C in a humidified atmosphere containing 5% CO.,.
For all experiments, cells in the exponential growth
phase were used.

2.5. Cell cytotoxicity
RKO cells were seeded at a density of 4 x 10* cells/

well in 6-well plates. After incubation for 24 h, the cells
were treated with safflower seed extract (100 pg/mL),
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Figure 1. HPLC profile of safflower seed. a, serotonin; b, luteolin-7-O-glucoside; ¢, N-(p-coumaroyl)serotonin; d, N-feruloyl

serotonin; e, luteolin.

Table 1. Contents of compound

Compound Content (mg/g) RSD (%)
Serotonin 1.47+0.06 4.19
N-(p-Coumaroyl)serotonin 28.70 + 1.82 6.35
N-Feruloyl serotonin 37.06 £2.25 6.07
Luteolin 0.89 +0.04 4.07
Luteolin-7-O-glucoside 12.85+0.77 5.98

Values are the mean = SEM.

cisplatin (1.5 pg/mL), or safflower seed extract (100
pg/mL) and cisplatin (1.5 pg/mL) for 48 h. Treatment
doses were determined based on a previous study (/7).
The images of the cell cytotoxicity were obtained by
using a Leica CTR 5000 microscope (x200) and a DM
5000B microscope (Leica Microsystems GmbH, Wetzlar,
Germany).

2.6. Xenograft mouse model experiments

All experimental procedures were permitted using the
guidelines established by the Pusan National University
Institutional Animal Care and Use Committee. BALB/
¢ nude mice (female, 5 weeks old; Joong-ang Animal
Experiment Company, Republic of Korea) were used to
construct the xenograft animal model. Mice were housed
individually under a 12-h light/dark cycle at a controlled
temperature (25 + 2°C) and humidity (approximately
60%), and given free access to food and water. After
adaptation (approximately 1 week), the animals were
randomly divided into seven equal groups containing five
mice: (1) mice were orally administered drinking water;
(2) RKO cell-transplanted mice were orally administered
drinking water; (3) RKO cell-transplanted mice were
orally administered safflower seed extract (100 mg/kg
body weight/day); (4) RKO cell-transplanted mice were

orally administered safflower seed extract (200 mg/kg
body weight/day); (5) RKO cell-transplanted mice were
administered an intraperitoneal injection of cisplatin (5
mg/kg body weight); (6) RKO cell-transplanted mice
were orally administered safflower seed extract (100
mg/kg body weight/day) followed by an intraperitoneal
injection of cisplatin (5 mg/kg body weight); (7) RKO
cell-transplanted mice were orally administered safflower
seed extract (200 mg/kg body weight/day) followed by
an intraperitoneal injection of cisplatin (5 mg/kg body
weight). To produce tumors, each mouse was implanted
with RKO cells (5 x 10° cells per mouse) in the back
next to the right hind leg. After 2 weeks, the safflower
seed extract (100 or 200 mg/kg body weight in water)
was administered via oral gavage. The treatment dose of
safflower seed extract was determined from our previous
report (/0). Subsequently, cisplatin (5 mg/kg body
weight) was injected intraperitoneally. The treatment
compounds were administered a total of three times, with
each administration 3 days apart. Sixteen hours after the
test compound administration, the mice were euthanized
by CO, gas (70%) and the tumor was removed and
weighed. The blood samples were collected by cardiac
puncture from anesthetized mice and the serum was
immediately separated by centrifugation.

2.7. Protein extraction and immunoblotting analyses

Protein was extracted according to the method of
Komatsu (/2). Briefly, the solid tumor was homogenized
with ice-cold lysis buffer, pH 7.5 [137 mM NacCl,
20 mM Tris-HCI, 1% Tween 20, 10% glycerol, 1
mM PMSF, and protease inhibitor mixture] and the
homogenates were centrifuged at 3,000 x g for 10 min
at 4°C. The protein concentration of each sample was
determined by using a Pierce BCA protein assay kit
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Figure 2. Cell cytotoxicity in human colorectal carcinoma RKO cells. a, untreated RKO cells; b, safflower seed extract-
treated RKO cells; ¢, cisplatin-treated RKO cells; d, co-treated RKO cells.

(Thermo Scientific, Rockford, IL, USA) and equal
amounts of protein were subjected to immunoblotting
analyses. To determine caspase 3 and B-actin, each
sample (10 pg of protein) was electrophoresed on an
8-15% sodium dodecylsulfate polyacrylamide gel. The
separated proteins were electrophoretically transferred
to a nitrocellulose membrane, which was blocked by
incubation in 5% (w/v) skim milk solution for 1 h, and
then incubated with the appropriate primary antibody
overnight at 4°C. The blots were washed and then
incubated with goat anti-rabbit and/or goat anti-mouse
IgG HRP-conjugated secondary antibodies for 90 min at
room temperature. Each antigen-antibody complex was
visualized by the application of ECL western blotting
detection reagents and chemiluminescence was detected
by using a Sensi-Q2000 Chemidoc (Lugen Sci Co., Ltd.,
Seoul, Korea). The band densities were measured by
using ATTO Densitograph Software (ATTO Corporation,
Tokyo, Japan) and quantified as a ratio to -actin. Protein
abundance was expressed relative to non-transplanted
normal mice, which were considered to have an
expression of 1.

2.8. Measurement of renal functional parameter

Serum creatinine level was measured using a commercial
kit (CREA-Lq; Asan Pharm Co., Seoul, Republic of
Korea).

2.9. Statistical analysis

The data are expressed as the mean + SEM. Significance
was assessed by one-way analysis of variance (ANOVA)
followed by Dunnett's multiple comparison test (SPSS
11.5.1 for Windows, 2002, SPSS Inc., USA), with values
of p <0.05 considered to indicate statistical significance.

3. Results
3.1. Cytotoxicity

The effect of safflower seed extract and cisplatin on
the viability of human colorectal carcinoma RKO cells
is shown in Figure 2. The cells were treated with the
extract of safflower seed (100 pg/mL), cisplatin (1.5 pg/
mL), or a combination of safflower seed extract (100 pg/

Normal Control

Cisplatin
seed extract seedextract 5mg seed extract Seed extract
100 mg 200 mg 100 mg 200 mg
+ cisplatin + cisplatin

5mg 5mg

Human RKO il mice

Figure 3. Xenograft mouse bearing RKO cell-derived
human colorectal cancer.

mL) and cisplatin (1.5 pg/mL). Treatment with safflower
seed extract (100 pg/mL) led to lower cell viability than
that of untreated cells (Figure 2b). The changes in cell
morphology induced by cisplatin are illustrated in Figure
2c. The combination treatment of safflower seed extract
and cisplatin resulted in greater cell damage than the
treatment of safflower seed extract or cisplatin alone

(Figure 2d).
3.2. In vivo evaluation

Representative images of mice bearing RKO cell-
derived human colorectal cancer xenografts are shown
in Figure 3. In untreated mice bearing the xenografts
(the control), the tumors weighed 1.57 £ 0.22 g, whereas
the tumors in mice orally administered 100 and 200
mg/kg safflower seed weighed significantly less than
the control tumors (0.94 + 0.09 g and 0.91 £+ 0.02 g,
respectively). The tumor weight in cisplatin-treated
mice was 51% lower than that in untreated and human
RKO colorectal carcinoma-transplanted mice (0.70 £
0.09 g), with greater reductions observed in mice co-
administered safflower seed extract (0.52 + 0.02 g and
0.43 = 0.12 g, respectively), as shown in Figure 4. In
addition, a significant increase in caspase 3 protein
expression was observed in safflower seed-, cisplatin-,
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Figure 4. RKO cell-derived tumor weight. Data are the
mean + SEM. Significance: * p < 0.05, ** p < 0.01, *** p
< 0.001 vs. human RKO colorectal carcinoma-transplanted
control mouse values.
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Figure 5. Caspase 3 protein expression in solid tumor. Data
are the mean + SEM. Significance: * p <0.05, ** p <0.01, ***
p <0.001 vs. human RKO colorectal carcinoma-transplanted
control mouse values.

and safflower seed plus cisplatin-treated mice compared
with normal mice (Figure 5). Mice co-administered
200 mg/kg body weight safflower seed and cisplatin
exhibited a more significant increase in caspase 3
protein expression. With regard to renal function, the
mean serum creatinine concentration in cisplatin-treated
mice (0.73 mg/dL) was markedly higher than the mean
concentration in untreated mice (normal, human RKO
colorectal carcinoma-transplanted control, or human
RKO colorectal carcinoma-transplanted safflower
seed-treated mice). However, the serum creatinine
concentration of cisplatin-treated mice administered
safflower seed extract decreased in a dose-dependent
manner, as shown in Figure 6.

4. Discussion

Many therapeutic drugs have been developed and
explored in clinical trials (/3,74). Cisplatin is a potent
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Figure 6. Serum creatinine level. Data are the mean + SEM.
Significance: * p < 0.05, ** p <0.01 vs. human RKO colorectal
carcinoma-transplanted control mouse values; # p < 0.05
vs. human RKO colorectal carcinoma transplantation and
cisplatin-treated mouse values.

anticancer agent, with clinical activity against a wide
spectrum of solid neoplasms and has been in use for
many years (/5). However, the therapeutic efficacy
of cisplatin is limited by its toxicity to normal tissues,
notably the kidneys, where it induces cell injury and
death in renal tubular cells and leads to acute renal failure
(16). Hayes et al. (17) reported that high concentrations
of cisplatin, between 3 and 5 mg/kg, induced renal
toxicity; in particular, dose of 5 mg/kg resulted in dose-
limiting toxicities to the kidney, bone marrow, and
the ear, and led to death. Hence, we selected 5 mg/kg
cisplatin for the induction of renal toxicity in the present
study.

Traditional herbs have an important role in the
prevention or the reduction of the symptoms of side
effects from drugs. Therefore, we explored the potential
renoprotective pharmacological properties of oriental
herbs. We investigated the efficacy of safflower seed
extract in a previous study by using the swine kidney-
derived cultured epithelial cell line, LLC-PK,, which
retains proximal tubule characteristics. The oral
administration of safflower seed extract to cisplatin-
treated mice exerted a pleiotropic effect on several
oxidative stress- and apoptosis-related parameters and
was also renoprotective (/0). Safflower has been used
in drugs with pharmacological activities for decades
worldwide (/8). Recent studies have reported that the
safflower seeds exert potential anti-inflammatory, anti-
oxidant, and anti-cancer activities (/9-217). Bae ef al.
(21) showed that the methanolic extract of safflower
seeds exhibited inhibitory effects on three cancer cell
lines (HepG2, MCF-7, and Hela cells), indicating that
safflower seed may be moderately cytotoxic to cancer
cells. Therefore, it was suggested that safflower seed
might have the potential to reduce nephrotoxicity and
enhance the anticancer activity of cisplatin. This study
was designed to evaluate the anticancer activity of
safflower seed in addition to its effects on the therapeutic
efficacy of cisplatin and cisplatin-induced nephrotoxicity
in RKO cells and RKO-transplanted mice.

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2019; 13(6):328-334. 333

Safflower seed was reported to reduce the
proliferation of four human colorectal cell lines
(HCT116, SW480, LoVo, and HT-29) (//). In addition,
the treatment of safflower seed was shown to result in
a high survival cell rate of human colon carcinoma SW
620 cell line, which indicated the protective effect of
safflower seed treatment on intestinal cancer (22). As
described in the Methods section, the cells were cultured
in the presence of safflower seed extract, cisplatin, or
co-cultured with safflower seed extract and cisplatin.
Culture in the presence of safflower seed resulted in a
decrease of RKO cell viability. We also observed the
anticancer effect of safflower seed extract in a mouse
with tumor xenografts. As He et al. (23) had shown that
the tumor volume increased after 2 weeks in a RKO
cell xenograft mouse model, the present study evaluated
whether safflower seed exerted a beneficial effect on
the growth of RKO-transplanted mice at this time, and
found that the administration of the extract significantly
inhibited the growth of RKO cell-derived tumors. In
addition, mice orally administered safflower seed extract
prior to intraperitoneal cisplatin administration showed
greater reductions in tumor weight.

Serum creatinine concentration is commonly used
for the measurement of renal function (24). Although
cisplatin is used widely for the treatment of cancer, the
toxicity to the kidney cannot be ignored. In the present
study, the mean serum creatinine concentration in
cisplatin-treated mice was significantly higher than the
mean concentration in untreated control mice, and was
significantly decreased by the administration of 200
mg/kg safflower seed extract. Safflower seed extract
therefore represents a promising herbal medicine for
the prevention or inhibition of cisplatin-induced renal
damage.

Although multiple signaling pathways are activated
by cisplatin in renal tubular cells (25), the mechanism of
renal cell death during cisplatin nephrotoxicity is unclear.
Effective renoprotective intervention during cisplatin
chemotherapy is currently lacking. Programmed cell
death (apoptosis) is an essential physiological process
that plays a critical role in cell development and tissue
homeostasis. The progress of apoptosis is regulated by
a series of signal cascades (26). Caspases are crucial
mediators of apoptosis; in particular, caspase 3 is
required for some typical hallmarks of apoptosis (26,27).
The activation and function of caspases are regulated
by various types of molecules, such as the inhibitor
of apoptosis protein and the Bcl-2 family of proteins.
Asselin et al. (28) indicated that cisplatin treatment in
human ovarian epithelial cancer cells induced cleavage
of caspase 3. Moreover, we have previously shown
the ameliorative effect of safflower seed on cisplatin-
induced renal damage in a mouse model via caspase 3
protein expression, which may be used as a basis for
the present study (/0). Therefore, we examined the
expression of caspase 3 protein by using western blotting

Safflower seed
o Anti-cancer effect
@ Renoprotective effec

Reduce nephrotoxicity

Cisplatin
o Anti-cancer effect
o Nephrotoxicity

Enhance anti-cancer effect

| Development of chemotherapy adjuvant |

Figure 7. The potential of safflower seed as an adjuvant
anticancer agent.

to clarify the responsible apoptotic-related proteins. We
observed an increase in the expression of caspase 3 in
the mouse xenograft model treated with safflower seed
extract. These results contrasted with the inhibition of
human colorectal tumor growth observed in mice bearing
xenograft tumors.

As mentioned in the Introduction, traditional herbal
medicines have emerged as one of the most important
alternative therapies for cancer. We therefore believe
that safflower seed extract may represent an effective
nutritional supplement for cancer therapy. In this study,
safflower seed extract was demonstrated as a potential
adjuvant anticancer agent conferring protection against
anticancer drug-induced toxicity without impairing the
efficacy of chemotherapy (Figure 7).

5. Conclusion

Our results suggested that the reduction in tumor growth
induced by safflower seed extract in RKO cells and mice
bearing RKO xenografts was most likely associated
with the chemical components, particularly the indolic
phenols, N-(p-coumaroyl)serotonin and N-feruloyl
serotonin, and the flavonoid luteolin-7-glucoside.
Therefore, we will perform further characterization of
the anticancer effects of the active compounds present
in this extract and conduct a detailed investigation of the
responsible molecular mechanisms.
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