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Breast cancer is the most common type of cancer in women and the second cause of cancer-related death
after lung cancer. Although the common methods used in the treatment of breast cancer are chemotherapy,
radiotherapy and surgery, the search for alternative treatments continues. The leading alternative treatments
are medicinal plants which inspire the production of many cancer drugs. In this study, the proliferative and
metastatic effects of Carthamus tinctorius L., known for its many therapeutic properties, on metastatic breast
cancer were investigated. Here, intending to evaluate the content and actions of different extracts of safflower
leaf extracts were prepared by extracting in water, alcohol and oil and analysed by FTIR. Their antioxidant
effect was tested and then the extracts were applied to metastatic breast cancer cells. FTIR spectrums of all
three extracts have revealed the presence of organic compounds. It is found that all extracts but mostly the
oil extract has antioxidant property. MTT assay, wound healing assay and gene expression analysis were
performed to assess the antiproliferative and anti-metastatic effects of the extracts on breast cancer cells.
It is found that there is no significant antiproliferative effect of extracts on MDA-MB-231 cells except the
alcohol extract. However, all safflower extracts, especially the oil extract, significantly reduced the metastatic
potential of breast cancer cells. It is concluded that safflower contents are potent chemicals that inhibit the
cellular mechanisms underlying the spreading of cancer cells and further analysis may lead to new initiatives

in drug design research.
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Introduction

Breast cancer is the second cause of cancer-related
casualties in women and is responsible for 15% ofall cancer-
related deaths in women (1). Despite the development of
early diagnosis and comprehensive treatment strategies,
the survival rate of metastatic breast cancer is only
25% (2). Treatment strategies for breast cancer such as
surgery, radiotherapy, targeted therapies, chemotherapy,
immunotherapy, hormonal therapy, and other biological
therapies are applied alone or in combination (3). Since
many treatment methods exert some type of side effects, the
search for alternative treatment methods that can support
classical methods or can be applied alone is continuing (4).
Medicinal plants, which are the source of drugs, are the
most important alternative treatment methods (5). Natural
products such as Gambogic acid, Curcumin, Silibinin,
Emodin and -elemene obtained from medicinal plants are
shown as potential candidates for therapeutic drugs against
cancer. B-element isolated from Curcuma wenyujin is
currently used as a cancer medicine in China, and research
on natural products that affect cancer is continuing (6).

Carthamus tinctorius L., also known as false saffron,
is an oil seed plant belonging to the Asteraceae family;
It is reported that there are about 25 species in the
world (7). C. tinctorius L. has significant properties
such as antioxidant, anti-inflammatory, analgesic,

antidiabetic, hepatoprotective, antihyperlipidemic
and immunomodulatory effects (8,9). More than 200
compounds have been isolated from the plant Carthamus
tinctorius L., and the commonly known ones are
flavonoids, phenylethanoid glycosides, coumarins, fatty
acids, steroids, and polysaccharides (10). According to
different extraction methods, lipophilic and hydrophilic
compounds emerge. Therefore, the biological effects
depend on the preparation technique of the extracts as
well as the part of plant which is extracted (11). Extracts
of C. tinctorius L. plant in dichloromethane, hexane and
methanol solvents showed variable antiproliferative
effects in SW620 colon cancer cells (12). C. tinctorius L.
polysaccharides suppressed proliferation, invasion, and
metastasis in the low metastatic potential benign MCF-7
breast cancer cells. In previous studies, it has been shown
that polysaccharides obtained only from water extract
in non-metastatic breast cancer cells inhibit metastatic
potential by affecting TIMP-1 and MMP-9 proteins
(13). There is a need to investigate the effects of active
substances obtained from extracts such as water and oil on
expressions of certain molecules involved in metastasis.
The aim of this study is to investigate the antiproliferative
and antimetastatic effects of C. tinctorius L. flower extracts
prepared in water, alcohol and oil on MDA-MB-231, the
human breast cancer cells with high metastatic potential.
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Materials and Methods

C. tinctorius L. Extracts

C. tinctorius L., dried orange-coloured flowers were
used to make the extracts. The flowers of the C. tinctorius
L. plant were extracted in three different solvents: distil-
led water, pure ethanol (Sigma-Aldrich, Milan, Italy) and
sunflower oil. The flowers of C. tinctorius L. (2g /50 ml)
were added to each solvent. It was kept at 4°C for 24 ho-
urs. The solute was filtered and concentrated to 1/4 volu-
me on a vacuum evaporator. The resulting solution was
prepared for applications under sterile conditions by pas-
sing through an injector filter with a pore size of 0.22 um
(Nest Scientific USA Inc.). Sterile extract solutions were
labelled and stored at 4°C for characterization and further
analysis.

Fourier Transform Infrared (FT-IR) Spectrometer
Analysis

FT-IR spectrums (Thermo Scientific Nicolet 6700
Smart iTR, USA) were obtained for each fraction via the
attenuated total reflectance (ATR) technique in mode of
transmittance to detect the characteristic peaks and their
functional groups. A spectrum scan from 4000 to 500 cm’!
was utilized adn the determinations were made in tripli-
cate.

DPPH Scavenging Antioxidant Activity

The antioxidant activity of C. tinctorius L. Extract
fractions was analyzed by using their ability to scavenge
2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-Aldrich,
Milan, Italy). 100 pl of each fraction was added into 1 ml
(0.1 M) DPPH solution prepared in 95% ethanol, incuba-
ted at 37°C for 30 min and kept away from light. Thereaf-
ter the mixtures were analyzed via UV-vis spectroscopy at
517 nm. DPPH radical scavenging activity was calculated
by using Eq 1.

ADPPH—Aszample
ADPPH

Antioxidant activity % = x100 (Eql)
Cells

The triple negative, highly matastatic breast cancer cell
line, MDA-MB-231, was purchased from the American
Type Culture Collection (ATCC, Wesel, Germany). Cells
were cultured in DMEM (Capricorn, Germany) containing
10% fetal bovine serum (BIOIND, Israel), 2 Mm L gluta-
mine (Sigma-Aldrich, Milan, Italy) and 1% antibiotic-an-
timycotic solution (BIOIND, Israel) . Culture conditions
consist of 37 °C, 5% CO2 and 100% humidity. Analyses
were carried out for seven experimental groups: water, al-
cohol and oil extract application groups and water, alcohol
and oil alone and the untreated control.

Cell Proliferation Analysis

The extracts were applied to MDA-MB-231 cells cul-
tured in 96 well plates yielding 40 pg in each well. The
effects of different extracts on the proliferation of breast
cancer cells were measured by spectrophotometer using
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium
bromide (MTT) test. Briefly, 2000 cells per well for each
experimental group were seeded in 96-well plates (Nest
Scientific USA Inc.) and incubated at 37°C with 5% CO,.
10 pl of MTT final concentration 0.5 mg/ml solution
(Biotium,California, USA) was added to each well at 0, 24

and 48 hours. Plates were incubated for 4 hours in the dark
at 37°C. Then, 100 pl of DMSO was added to each well to
dissolve the formazan crystals. It was mixed by pipetting
and left for 15 minutes to ensure complete dissolution. Ab-
sorbance was recorded at 570 nm by a microplate reader
(BioTek Synergy H1, BioTek Instruments, Winooski, VT,
USA).

Lateral Motility Assay

The lateral motility of MDA-MB-231 cells was exami-
ned by performing the wound healing assay . The cells (2
x 103 cells per well) were seeded in six-well plates (Nest
Scientific USA Inc.). After they reach confluency, three
wounds were produced in each well using a pipette tip.
The wells were rinsed once with fresh medium, and wo-
und widths were recorded under an inverted microscope
(Leica, Wetzlar, Germany). These cells were treated with
2uL of alcohol, water and oil extracts having a concent-
ration of 0.08 mg/ml as well as alcohol and oil solvents.
Pictures of wound areas at 0, 24 and 48 hours were measu-
red with an inverted microscope . Mobility was expressed
as the percent reduction of closed area at the wound sites
compared to control cells.

Gene Expression Analysis

Total RNA was isolated using Bluezol (SERVA, Ger-
many) according to the isolation protocol. To evaluate gene
expression, 150 ng of RNA was used for timed PCR in ac-
cordance with kit protocol, which was performed with the
Lightcycler® 96 system (Roche Diagnostic Systems, Indi-
anapolis, IN). and A.B.T.™ 2X qPCR SYBR-Green Mas-
ter Mix (ATLAS Biotechnology, Turkey). Glyceraldehyde
3-phosphate dehydrogenase (GAPDH), TIMP metallopep-
tidase Inhibitor 1 (TIMP1) and matrix metallopeptidase 9
(MMP-9) , osteopontin/secreted phosphoprotein-1(OPN),
insulin like growth factor 2 receptor (IGF2R), kinase in-
sert domain receptor (VEGFR2) and plasminogen activa-
tor (PLAU) primers were used at a final concentration of
0.25 pM. Data were normalized using the GAPDH gene
threshold cycle (Ct) value. Samples were run in triplicate
and the mean Ct value was used for calculations. The ra-
tio of the Ct values of experimental groups is determined
accordingly.

Statistical Analysis

All quantitive data are presented as mean + standard
deviation (SD) from three independent experiments. All
graphics were designed using GraphPad Prism (version
7.00 for Windows, GraphPad Software, La Jolla, CA,
USA). Statistical analysis was performed using SPSS
(IBM Corp. Released 2020. IBM SPSS Statistics for
Windows, Version 27.0. Armonk, NY, USA: IBM Corp.).
Mann-Whitney U test and Kruskal-Wallis statistical tests
were carried out. The value of p< 0.05 was considered as
significant.

Results

Fourier Transform Infrared (FT-IR) Spectrometer
Analysis

FT-IR analysis was performed to determine the func-
tional groups of the active components in each extract
fraction of C. tinctorius L (Fig.1) by using corresponding
backgrounds for each fraction individually. In Figure 1,
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the spectrums of all fractions showed same characteristic
bands of C. tinctorius L, a band at 3300-3200 cm’!
corresponding to the broad stretching of carboxylic acid
and phenolic -OH streching, bands between 3000-2870
cm’ of the C-H stretching bonds of alkene, alkane and
aldehydes, the band at 1045 cm™ of the C-O bond, and
bands between 880-770 are of the C-H/=C-H/N-H bonds.
Moreover, in the oil and alcohol fraction, the band at 2972
cm! corresponds to the oil-hydrocarbon skeletal stretching
band as seen in Figure 1A, In is seen here that different
from Figure 1B and C spectrums, there is a strong C=0
stretching cyclopentanone peak at 1743 cm!. In addition,
in the water fraction, a peak at 1721 cm™ corresponding
to the C=O0 stretching of cyclohexanones/cyclopentanones
constituents.

DPPH Scavenging Activity

Antioxidant capacities of C. tinctorius L. extracts were
evaluated by determining their DPPH radical scavenging
performance. As demonstrated in Figure 2, all water, al-
cohol and oil fractions have significant amount of antio-
xidant activity, 72 + 2.9%, 65+ 2,17%, and 90 £1.72%,
respectively.

Antiproliferative Effect of C. tinctorius L. Extracts on
Breast Cancer Cells

The antiproliferative effects of C. tinctorius L. extracts
prepared in water, alcohol and oil on breast cancer cells
were evaluated by MTT analysis for 48 hours. Results

Figure 1. FT-IR spectra of A) oil fraction, B) alcohol fraction and C)
water fraction of C. tinctorius L. Extracts.
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Figure 2. Antioxidant activity of C. tinctorius L. extracts indicated
as percent (%) scavenging activity of DPPH radical inhibition Data
represents mean value of three independent experiments (mean + SD).
n=3 (p <0.05).
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Figure 3. Effect of C. tinctorius L. extracts on the proliferation of
MDA-MB-231 breast cancer cells. Data represent mean OD value of
three independent experiments (mean = SD). n=3 ( p <0.05).

were expressed as average OD values and standart devia-
tion (Fig.3). There was no significant difference between
solvent (alcohol and oil) and extract treated groups at 24
hours (p>0.05). However, after 48 hours, the antiprolifera-
tive effect was detected in alcohol extract treated cells only
causing a decrease in cell growth by 48% and the growth
of only alcohol treated cells decreased by 15%. Thus, there
was no significant antiproliferative effect of extracts ex-
cept in the alcohol extract treated group at 48 hours.

Effect of C. tinctorius L. Extracts on the Metastatic Po-
tential of Cells

Wound healing test was carried out to evaluate the ef-
fect of C. tinctorius L. extracts on the lateral motility of
cells, which shows their metastatic potential. Micrographs
of all the experimental groups are given at 0, 24 and 48 ho-
urs (Fig 4). The area at 0 hours of all groups was accepted
as 100%. At all times the wound healing was greatly impa-
ired in exctract applied groups (Fig 4a). Percentage of cell-
free areas at the end of 48 hours were 13%, 28% and 22%
in control, only alcohol and oil treated groups. While the
cell free areas in C. tinctorius L. Extract treated cells were
37%, 46% and 47% for water, alcohol and oil respectfully
(Fig 4b). There was a significant difference between the
control cells and oil extract and water extract applied cells
(p<0.05). When the extract applied groups were compared
with their solvent groups, a significant difference was fo-
und for the water and oil extract applied groups (p<0.05),
but no significant difference was found for alcohol extract
and the only alcohol applied cells. Therefore, especially
oil and water extracts of C. tinctorius L. flowers decreased
the lateral motility of MDA MB breast cancer cells, which
is an indicator of metastatic behavior.

C. tinctorius L. extracts reduce the ratio of MMPY/
TIMP1 expression and the expressions of other genes
involved in metastasis

The effects of C. tinctorius L. extracts on MMP9 and
TIMP1 gene expression of breast cancer cells were eva-
luated by qRT-PCR after 48 hours. The sequence of the
primers used for the MMP9 and TIMP1 genes is given in
Table 1. The mean CT values of the genes were calculated
and compared to each other. Results were expressed as the
mean value of the ratios and standard deviation (Figure 5).
After 48 hours, when the MMP9/TIMP1 expression rate
was calculated by accepting the control group as 100%.
The ratios of MMP9/TIMP1 mRNA were 56.9%, 62.5%,
41.2% in water, alcohol and oil extract treated cells. Their
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Figure 4. Effects of C. tinctorius L. extracts on lateral mobility of
MDA-MB-231 cells. Cells were treated with C. tinctorius L. extracts
in water, alcohol and oil (a) The micrograps of wound areas (b). The
graphic representing the percent of cell free areas. The values repre-
sent mean = SD, n=3 ( p < 0.05).

solvents were also applied and the ratio of MMP9/TIMP1
expression ratio of cells were 87.5% and 91.6% for alco-
hol and oil (Fig. 5) .There was a significant difference bet-
ween control cells and exract applied cell groups (p<0.05).
In paired comparisons, a highly significant decrease was
found only between the control and the oil extract applied
cells (p<0.05). Significant decrease in the expressions of
OPN, VEGFR2, PLAU and IGF2R genes in all extracted
cells compared to control groups (p<0.05) (Fig. 6). Furt-
hermore, their expressions were decreased in alcohol cont-
rol cells while in the oil control group, they were found
to be increased. It is concluded that, extracts are able to
decrease the metastatic potential of MDA MB 231 cells at
gene expression level and the highest antimetastatic action
was exerted by the oil extracts of C. tinctorius L. Flowers.

Discussion

In a previous study using C. tinctorius L seed oil, C—H,
C=C and C-O bonds were detected. Similar functional
groups were detected in all the extracts of flower used in
this work. However, the cyclopentanone C=0 bond having
apeak at 1741 cm™! observed in that study was only detec-
ted in the oil extract of flowers (14). This indicates that oil
extract is distinctive among the other extracts which may
reflect some additional effects on cancer cells. The charac-

Table 1. Primers used in qRT-PCR.

teristic bands found by FTIR analysis predict the presence
of structures such as proteins, alkaloids, lignans, organic
acids, polysaccharides/sugars and phenolic compounds,
especially flavonoids, in the extracts (15).

It was also reported that the methanol extract of C.
tinctorius L. flowers exerted detected antioxidant effect
which was comparable to synthetic antioxidants, as well
as high phenolic and flavonoid content(16). Yolci et al.
has found that the total antioxidant activity of C. tincto-
rius L. Flowers was 61.25 mg TE/g in the water extracted
samples. Similarly, in our study, oil extract showed a high
antioxidant activity (17). It is known that polysaccharides
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Figure 5. Effects of C. tinctorius L. extracts on MMP9/TIMP1 gene
expression ratio of MDA-MB-231 cells. Cells were treated with C.
tinctorius L. Water, alcohol and oil extracts of C. tinctorius L flowers
and with only oil and alcohol. The untreated and solvent treated cells
served as control. Values represent mean + SD, n=3 ( p < 0.05).
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Figure 6. Effects of C. tinctorius L. extracts on OPN, VEGFR2, OPN
and IGF2R gene expression of MDA-MB-231 cells. Cells were tre-
ated with water, alcohol and oil extracts of C. tinctorius L flowers
and with only oil and alcohol. The untreated and solvent-treated cells

served as control. Values represent mean + SD, n=3 ( p < 0.05).

Primer Sequence List

MMP9 F: 5'-GACGAGGGCCTGGAGTGT-3'
TIMP1 F: 5'-ACCCCTGGAGCACGGCT-3'
GAPDH F: 5’GTCTCCTCTGACTTCAACAGCG-
OPN F: 5" ACTGATTTTCCCACGGACCT-3'
IGF2R F: 5'-CTTTGACAGCGAGAATCCCG-3'
VEGFR2 F: 5"-ATCTGTGACTTTGGCTTGGC-3’
PLAU F: 5'-GCCACACACTGCTTCATTGA-3'

3!

: 5'-TGTGCTGTAGGAAGCTCATCTC-3'
: 5'-CCCACCTTCCAAGTTAGTGACA-3’
: 5'-ACCACCCTGTTGCTGTAGCCAA-3’
: 5'-CTCCTCGCTTTCCATGTGTG-3'
: 5'-GCACTTCTTACACTTGCGGA-3'
: 5'-TCCCACAGCAAAACACCAAA-3'

: 5'-TATACATCGAGGGCAGGCAG-3'

AR RAAA
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increase the expression of antioxidant genes through NF-
kB signaling. It is thought that the polysaccharides of C.
tinctorius L. protect cells from oxidative stress by redu-
cing reactive oxygen species through enzyme activations
(18). Here, although the antioxidant activity was detected
in all the extracts, the maximum activity was found in oil
extracts not only in the polysaccharide containing water
extracts.

Metastasis of breast cancer is the leading cause of
death, therefore it is important to determine an effective
therapeutic approach for treatment(19). The majority of
anticancer drugs with high efficacy in clinical use are deri-
ved from plant derived compounds. The anticancer effect
of these natural products occurs through different mecha-
nisms such as apoptosis induction, immune system mo-
dulation and angiogenesis inhibition(20). The antitumor
effects of C. tinctorius L. are known to be via enhancing
the immune response, inducing apoptosis of tumor cells,
and preventing the migration of tumor cells(9,20).

C. tinctorius L. seeds inhibited proliferation in co-
lorectal cancer cells (21). The safflower polysacchari-
de content in water extract inhibited the proliferation of
MDA-MB-231 and this effect was increased with the
combination of cyclopamine (22). Safflower polysaccha-
ride at concentrations ranging from 0.02 to 1.28 mg/ml
inhibited proliferation in HeL A cervical cancer cells de-
pending on time and dosage (23). C. tinctorius L. extracts
did not affect proliferation in MDA-MD-231 breast cancer
cells cells except for cells treated with alcohol extract. It
is noted that, all doses of C. tinctorius L. Polysaccharides
(SPS) (0.04, 0.08, 0.17, 0.34, 0.68 or 1.36 mg/ml) inhibi-
ted proliferation in MCF-7 breast cancer cells at 24 and 48
hours (13). Furthermore, application of hydroxyl safflower
yellow B, contained in C. tinctorius L, together with doxo-
robucin greatly reduced the proliferation of MCF-7 cells
and induced apoptosis (24,25). Extracts of C. tinctorius L.
plant in dichloromethane, hexane and methanol solvents at
a concentration of 0.1 mg/ml did not affect the prolifera-
tion of yOT lymphocyte cells(12). C. tinctorius showed an
indirect antitumor effect by activating dendritic cells when
applied at 5, 10 and 20pg/mL (26). However, in our study
no antiproliferative effect of flower extracts at 0.08 mg/
ml concemtration was detected for MDA-MB-231 cells,
which are more aggresive than MCF 7 cells, except for the
alcohol extract .

In this study, all extracts of C. Tinctorius decreased
the migration of MDA-MB-231 breast cancer cells. This
is in accordance with the findings of Fu et.al. who repor-
ted the antimetastatic effect of safflower Yellow, the active
ingredient of the plant, at doses of 0.19, 0.38, and 0.75
mg/mL (27). The similar effect seen in our study may be
related to this active substance. It was reported that, in
MCF 7 breast cancer cells, MMP 9 decreases and TIMP 1
increases following SPS treatment indicating a decrease in
metastatic behaviour (9). It is known that safflower poly-
saccharides reduce MMP9 expression through inhibition
of Wnt/B-catenin signaling in gastric cancer (28). It is re-
markable that in this study the highest antimetastatic effect
was found in the oil extract. We have detected low ratio
of MMPY/TIMP1 gene expression caused by the extracts
even at a low concentration (0,08 mg/ml) . Same decrease
was obtained in a study in which safflour yellow which
was used at higher concentrations (0.19, 0.38, and 0.75
mg/mL)(27).

It has been shown that C. tinctorius L. polysaccharides
inhibit migration in lung cancer cells by reducing the exp-
ression of E-cadherin via epithelial-mesenchymal transiti-
on signaling (29). Since this inhibition prevents the forma-
tion of invadopodia, it is very important in the prevention
of invasion, which plays a key role in lung metastasis.

OPN is also overexpressed in metastatic breast cancer
and decreased expression of OPN reduces invasion and
angiogenesis (30,31). VEGFR-2 is associated with tumor
angiogenesis, mesenchymal phenotype, and poor prog-
nosis. Decreasing VEGFR2 expression is directly rela-
ted to decreased metastasis (32).Urokinase plasminogen
activator(uPA) expressed from the PLAU gene provides
activation of MMP enzymes through plasminogen activa-
tion and is used as a prognostic marker in metastatic breast
cancer (33). IGF2R, effect epithelial mesenchymal transi-
tion (EMT) and migration via the AKT signaling pathway.
IGF2R is both a biomarker and a potential target in triple-
negative breast cancer (34). The decrease in the expression
of metastasis related genes indicates the regulatory action
of safflower extracts on metastasis.

Conclusion

C. tinctorius L. has been allready shown to be a poten-
tial candidate for the development of natural cancer thera-
peutics. The results of this study empkasize its potential to
act as a antimetastatic gene regulating, cost effective and
easy to reach type of herbal medicine. Here, it is shown
that the extracts of C. Tinctorius L. is a potent regulator of
a series of metastasis associated genes in metastatic breast
cancer cells.

Acknowledgements
Interest conflict
None declared.

Consent for publications
The author read and proved the final manuscript for publi-
cation.

Availability of data and material
All data generated during this study are included in this
published article

Authors' Contribution

Concept: AKO; Design: DK, AKO; Supervision: DK,
AKO; Fundings: AKO,DK,DGK; Materials: AKO,DGK;
Data Collection or Processing: DK, AKO,DGK; Analysis
or Interpretation: DK, AKQ; Literature Search: DK,AKO;
Writing: DK, AKO,DGK; Critical Review: AKO.

Funding
No support was received from any institution.

Ethics approval and consent to participate
No human or animals were used in the present research

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics. CA Cancer J
Clin. 2019;(69)7-34. doi: 10.3322/caac.21551

Valastyan S, Weinberg RA. Tumor metastasis: molecular insights

and evolving paradigms. Cell 2011;14(2) 275-292. doi: 10.1016/].
cell.2011.09.024

23



Demet Kagaroglu et al. / Safflower extracts inhibit breast cancer cell metastasts, 2023, 69(12): 19-25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Nicolini A, Giardino R, Carpi, A, Ferrari, P, Anselmi L, Colosimo
S, Conte M, Fini M, Giavaresi G, Berti P, Miccoli P. Metastatic
breast cancer: An updating, Biomed Pharmacother. 2006;(60)548—
556. doi: 10.1016/j.biopha.2006.07.086

Bell RM. A review of complementary and alternative medi-
cine practices among cancer survivors. Clin J Oncol Nurs.
2010;(14)365-370. doi: 10.1188/10.CJON.365-370.

Newman DJ, Cragg GM and Snader KM. Natural products as
sources of newdrugs over the period. J Nat Prod. 2003;(66)1022-
1037. doi: 10.1021/np0300961

Tan W, Lu J, Huang M, Li Y, Chen M, Wu G, Gong J, Zhong Z,
Xu Z, Dang Y, Guo J, Chen X, Wang Y. Anti-cancer natural pro-
ducts isolated from chinese medicinal herbs. Chin Med. 2011 (6);
27. doi: 10.1186/1749-8546-6-27.

Singh V, N Nimbkar. Safflower (Carthamus tinctorius L.) Ge-
netic resources, cromosome engineering and crop improvement:
Oil seed crops, 4th ed., CRC Press ,Florida, ABD, 2007,167-193.
Dehariya R, Ashwini KD. A Review on Potential Pharmaco-
logical Uses of Carthamus tinctorius L. World J Pharm Res.
2015;3(8)1741-1746.

Wu X, Cai X, AiJ, Zhang C, Liu N, Gao W. Extraction, Structures,
Bioactivities and Structure-Function Analysis of the Polysaccha-
rides From Safflower (Carthamus tinctorius L.). Front Pharmacol.
2021;20(12)767947. doi: 10.3389/fphar.2021.767947.
Asgarpanah J, Kazemivash N. Phytochemistry, pharmacology
and medicinal properties of Carthamus tinctorius L. Chin J Integr
Med. 2013;19(2)153-9. doi: 10.1007/s11655-013-1354-5.

Lu PH, Kuo CY, Chan CC, Wang LK, Chen ML, Tzeng IS, Tsai
FM. Safflower Extract Inhibits ADP-Induced Human Plate-
let Aggregation. Plants (Basel). 2021;10(6)1192. doi: 10.3390/
plants10061192

Arpornsuwan T, Petvises S, Thim-uam A, Boondech A, Roytra-
kul S. Effects of Carthamus tinctorius L. solvent extracts on anti-
proliferation of human colon cancer (SW 620 cell line) via apop-
tosis and the growth promotion of lymphocytes. J Sci Technol.
2012;34(1)45-51.

LuoZ,ZengH,YeY, LiuL, LiS, Zhang J, Luo R. Safflower poly-
saccharide inhibits the proliferation and metastasis of MCF-7 bre-
ast cancer cell. Mol Med Rep. 2015;11(6):4611-6. doi: 10.3892/
mmr.2015.3310.

Vieira Marithiza G, Batista Lilian R, Muniz Aline S, Antoniosi
Filho Nelson R, Lichston Juliana E. Oliveira ARS, César-Oliveira
MAF, Filho NRA. Synthesis of antioxidant additive from safflo-
wer seed oil. ] Braz Chem. 2021;(32) 40-46. doi: 10.21577/0103-
5053.20200151

Asep B, Dani N, Rosi O, Risti R. How to Read and Interpret
FTIR Spectroscope of Organic Material. 2019 (4) 97-118. doi:
10.17509/ijost.v411.15806

Karimkhani MM, Shaddel R, Khodaparast MHH, Vazirian
Mv&Piri-Gheshlaghi S. Antioxidant and antibacterial activity
of safflower (Carthamus tinctorius L.) extract from four diffe-
rent cultivars. Qual Assur Saf. 2016;(8) 565-574. doi: 10.3920/
QAS2015.0676

Yolci MS, Tungtiirk R, Tungtiirk M, Determination of Total Phe-
nol and Flavonoid Amounts and Antioxidant Activity of Safflo-
wer (Carthamus tinctorius L.) Flowers Using Different Extrac-
tion Solvents. Int J Life Sci Biotecnology. 2022;(5) 97-109. doi:
10.38001/ijlsb.1066431

Hon JD, Singh B, Sahin A, Du G, Wang J, Wang VY, Deng FM,
Zhang DY, Monaco ME, Lee P. Breast cancer molecular subtypes:
from TNBC to QNBC. Am J Cancer Res. 2016;6(9):1864-1872.
Talib WH, Alsalahat I, Daoud S, Abutayeh RF, Mahmod
Al Plant-Derived Natural Products
Extraction,Mechanism of Action, and Drug Formulation. Mole-

in Cancer Research:

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

cules. 2020;(22) 5319. doi: 10.3390/molecules25225319.

Niu ZJ, Wang L, Niu ZX, Dong YM, Yi B, Ao WX. Clinical App-
lication of Safflower Soothing and Activating Collaterals Lini-
ment in Chinese Massage. China Med. Pharm. 1012;(19)89-102.
doi: 10.3969/j.issn.2095-0616.2018.19.023.

Park GH, Hong SC, Jeong JB. Anticancer Activity of the Saff-
lower Seeds (Carthamus tinctorius L.) through Inducing Cyclin
D1 Proteasomal Degradation in Human Colorectal Cancer
Cells. Korean J Plant Res. 2016; (3) 297-304. doi: 10.7732/
KJPR.2016.29.3.297.

Ding B, Li JH, Wang F ,Yu JF. Effect of Safflower Polysacc-
haride Combine Cyclopamine on the Proliferation and Apoptosis
of Breast Cancer Cells. Chin J Exp Surg. 2017;(11)1892-1896.
doi:10.3760/cma.j.issn.1001-9030.2017.11.024

Yang J, Wang R, Feng Q, Wang YX, Zhang YY, Wu WH, Ge PH,
Qi JP. Safflower polysaccharide induces cervical cancer cell apop-
tosis via inhibition of the PI3K/Akt pathway. S Afr ] Bot. 2018;11
(8)209-215. doi: 10.1016/j.5ajb.2018.07.028

Al-Snafi AE. The chemical constituents and pharmacological
mmportance of carthamus tinctorius-an overview, J Pharm Biol.
2015;5(3) 143-166.

Lin K, Qin Z, Qu C, Chen X, Jiang Q et. al., Hydroxyl safflower
yellow B combined with doxorubicin inhibits the proliferation of
human breast cancer MCF-7 cells. Oncol Lett. 2021;(5) 1-9. doi:
10.3892/01.2021.12687

Chang JM, Hung LM, Chyan YJ, Cheng CM, Wu RY. Cartha-
mus tinctorius Enhances the Antitumor Activity of Dendritic Cell
Vaccines via Polarization toward Th1l Cytokines and Increase of
Cytotoxic T Lymphocytes, Evid Based Complementary Altern
Med. 2011;(2011) 274858. doi: 10.1093/ecam/nen068.

FuH, WuR, LiY, Zhang L, Tang X, Tu J, Zhou W, Wang J, Shou
Q. Safflower Yellow Prevents Pulmonary Metastasis of Breast
Cancer by Inhibiting Tumor Cell Invadopodia. Am J Chin Med.
2016;44(7)1491-1506. doi: 10.1142/S0192415X1650083X.

Liu C, Ji L, Bai TC. Effects of Safflower Polysaccharide on Pro-
liferation and Invasion of Gastric Cancer MGC-803 Cells. J Mod
Oncol. 2020;28(4)569-573. doi: 10.3892/mmr.2015.3310.

Wang TT. Mechanism of Safflower Polysaccharide on Inhibition
of Lung Cancer Cell Migration Motility. [doctoral dissertation].
Harbin: Heilongjiang University of Chinese Medicine. 2016.
Rodrigues LR, Teixeira JA, Schmitt FL, Paulsson M, Lindmark-
Mainsson H. The role of osteopontin in tumor progression and
metastasis in breast cancer. Cancer Epidemiol Biomarkers Prev.
2007;16(6):1087-97. doi: 10.1158/1055-9965.EPI-06-1008.
Zhao H, Chen Q, Alam A, Cui J, Suen KC, Soo AP, Eguchi S, Gu
J, Ma D. The role of osteopontin in the progression of solid organ
tumour. Cell Death Dis. 2018;9(3):356. doi: 10.1038/s41419-018-
0391-6.

Yan JD, Liu Y, Zhang ZY, Liu GY, Xu JH, Liu LY, Hu YM.
Expression and prognostic significance of VEGFR-2 in breast
cancer. Pathol Res Pract. 2015;211(7):539-43. doi: 10.1016/j.
prp.2015.04.003.

Duffy MJ, McGowan PM, Harbeck N, Thomssen C, Schmitt
M. uPA and PAI-1 as biomarkers in breast cancer: validated for
clinical use in level-of-evidence-1 studies. Breast Cancer Res.
2014;16(4):428. doi: 10.1186/s13058-014-0428-4

Zhong Y, Ren X, Cao X, Xu 'Y, Song Y, Zhou Y, Mao F, Shen S,
Wang Z, Sun Q. Insulin-like growth factor 2 receptor is a key im-
mune-related gene that is correlated with a poor prognosis in pati-
ents with triple-negative breast cancer: A bioinformatics analysis.
Front Oncol. 2022;12:871786. doi: 10.3389/fonc.2022.871786.
Noori A, Zebarjadi A. Introduction of Chia (Salvia hispanica L.)
as an Important Oil-Medicinal Plant. Agrotech Ind Crops 2022;
2(3): 104-116. doi: 10.22126/atic.2022.8010.1060.

24



Demet Kagaroglu et al. / Safflower extracts inhibit breast cancer cell metastasts, 2023, 69(12): 19-25

36. Chaghakaboodi Z, Nasiri J, Farahani S. Fumigation Toxicity of

37.

38.

the Essential Oils of Ferula persica against Tribolium castaneum
and Ephestia kuehniella. Agrotech Ind Crops 2022; 2(3): 123-130.
doi: 10.22126/atic.2022.8344.1068.

Ganjali S, Khajeh H, Gholami Z, Jomeh-ghasemabadi Z, Faze-
li-Nasab B. Evaluation of Dormancy Failure Datura stramonium
Plant Seeds under the Influence of Different Treatments. Agrotech
Ind Crops 2022; 2(1): 32-41. doi: 10.22126/atic.2022.7656.1049.
Ghamarnia H, Palash M, Dousti B. Camelina Zoning for Different
Climate Conditions in Kurdistan Province. Agrotech Ind Crops

39.

40.

2022; 2(1): 49-56. doi: 10.22126/atic.2022.7903.1056.
Ghamarnia H, Mousabeygi F, Rezvani SV. Water Requirement,
Crop Coefficients of Peppermint (Mentha piperita L.) and Reali-
zing of SIMDualKc Model. Agrotech Ind Crops 2021; 1(3): 110-
121. doi: 10.22126/atic.2021.6791.1019.

Aryafar S, Sirousmehr A, Najafi S. The Impact of Compost on
Seed Yield and Essential Oil of Black Cumin under Drought
Stress Conditions. Agrotech Ind Crops 2021; 1(3): 139-148. doi:
10.22126/atic.2021.7184.1026.

25



