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OBJECTIVE

Saponins are the main components of Astragalus species. In this study, different doses of saponins ob-
tained from Astragalus species were applied to MCF-7 and MDA-MB-231 breast cancer cell lines, and
the cell proliferation, cytotoxicity, and apoptotic effects were investigated.

METHODS

Five different cycloartane-type saponins (Astragaloside IV, Cyclocanthoside E, Astrasieversianin X,
Macrophylosaponins B and D) were incubated with MCF-7 and MDA-MB-231 cells for 24, 48, and 72
h. Cell cytotoxicity activity of saponins on cell lines was determined by cell counting kit 8. For apoptosis
analysis, TUNEL Assay Kit was used.

RESULTS

Significant changes in cytotoxicity were obtained at concentrations of 10 pM, 100 pM and 200 pM for 24
h, at concentrations of 100 uM and 150 uM for 48 h, and at concentrations of 10 uM and 100 uM for 72
h in the MDA-MB-231 cells, respectively. In MCF-7 cells, no significant changes in the cell cytotoxicity
were obtained between the control and administered concentrations for 24 h but significant changes
were obtained at all concentrations (10 pM, 100 uM, 150 uM, 200 uM) for 48 h and at concentration of
100 uM for 72 h. There was a significant change in the apoptosis analysis for the MCF-7 cells at concen-
trations of 10 uM and 100 uM for 48 h.

CONCLUSION

All in all, this study suggests that low-dose saponin glycosides decreased cell viability of breast cancer
cell and increased apoptosis in MCF-7 cells.
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INTRODUCTION

Breast cancer is the most important health problem fre-
quently seen in women, and according to The Global

Cancer Observatory 2020 data 2.3 million new breast
cancer cases and 685,000 breast cancer-related demise
were detected around the world.[1] In cancer treatment,
various herbal products are used as supplements, to re-
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duce the toxicity of chemotherapy and radiotherapy, and
to relieve pain caused by cancer.[2] The application of
some food or bioactive compounds positively supports
the course of the disease and reveals physiological chang-
es to improve the life standards of cancer patients.[3,4]

The Astragalus L. species, which belongs to the Fa-
baceae (legume) family, has attracted great interest in
many different societies, especially Chinese and Turk-
ish, since ancient times. Raw extracts and isolated com-
ponents of Astragalus species, which is known to be
represented by approximately 440 species in the flora of
Turkey, showed anti-inflammatory, antioxidative, anti-
cancer, and antiviral activities. Cycloartane-type sapo-
nins and polysaccharides are the most important com-
ponents of Astragalus.[5] Astragalus polysaccharides
have been widely used in studies of cancer therapy due
to their low toxicity, immunomodulatory, and antican-
cer properties. Saponins, also known as triterpenoid
glycosides, are also used as pharmaceutical or nutra-
ceutical agents.[6] The apoptosis is induced in tumor
cells by use of saponins. Apoptosis in tumor cells helps
to reduce side effects in cancer patients by suppress-
ing necrosis.[7] Astragalus species are an important
source for saponins, with Astragaloside IV being the
most studied saponin glycoside.[8] In a study, MCF-7
ve MDA-MB-231 cancer lines growth and viability is
limited with the use of the Astragaloside IV.[9]

In this study, five different (astragaloside IV, cycloc-
anthoside E, astrasieversianin X, macrophylosaponins
B and D) cycloartane-type saponins isolated from As-
tragalus species, whose effects on breast cancer have
not been studied, were investigated at several doses on
MCEF-7 and MDA-MB-231 breast cancer cell lines and
their cytotoxic, antiproliferative, and antiapoptotic ac-
tivities were investigated.

MATERIALS AND METHODS

Saponin Extraction and Isolation

Astragaloside IV, Astrasieversianin X, Cyclocanthoside
E were isolated from Astragalus melanophrurius Boiss.
[10] and Macrophyllosaponins B and D from Astraga-
lus oleifolius DC. (section of genus: Macrophyllium).
[11] The extraction, isolation, and structure elucida-
tion of these cycloartane type glycosides were previ-
ously explained.[10,11]

Cell Preparation

MCF-7 and MDA-MB-231 (American Type Culture
Collection, Rockville, Maryland, USA) cell lines are
generally used in breast cancer cell studies. MCF-7
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cells have weak invasion and migration capacity when
compared to MDA-MB-231 cells.[12] Cell lines were
grown in DMEM supplemented with 10% fetal bovine
serum as a growth medium. Cells were grown in T-
25-cm? cell culture flask to 80% confluency at 37°C, in
a 5% CO, and humidified incubator. Cell medium was
replaced every day and cells routinely subcultured.

Cell Viability/Cytotoxicity Assays

To evaluate the cytotoxic activity of saponins from As-
tragalus species on the proliferation of breast cancer
cells, the TEBUBIO cell counting kit 8 (CCK 8) as-
say was applied in accordance with the kit procedure.
100 uL cell were placed in 96-well plates based on cell
count. After 24 h of incubation, different concentra-
tions of Astragalus extracts (10 pM, 100 uM, 150 uM,
200 uM) were added to cell for 24 h, 48 h, and 72 h.
Then cells, with the use of CCK-8 product, were incu-
bated for 4 h. The absorbances are determined at 450
nm wavelength in an absorbance microplate reader.

Apoptosis Detection by TUNEL Method
Apoptosis detection with the effect of saponins was
evaluated by the Apoptag Plus Peroxidase in Situ (Sig-
ma-Aldrich, USA) kit on the cancer cells. Cells were
proliferated on slides and different types of Astraga-
lus saponins, at concentrations of 10 uM and 100 pM,
were added based on the IC | value from the cell vi-
ability assay and stained according to the kit procedure
for 24-48 h. TUNEL-positive stained cells in groups
treated with Astragalus saponins at different times and
concentrations were counted in 10 fields with x40 ob-
jective magnification. This method was done over one
repetition for each Saponins.

Statistical Analysis

A significant difference between groups was evaluated
by Kruskal-Wallis test using PAWS STATISTIC 18. In-
tra-group significance was evaluated with the Mann-
Whitney U test. The viability/cytotoxicity results of the
cells for the different saponins concentrations at differ-
ent time intervals were evaluated using GRAPHPAD
PRISM SOFTWARE (version 8). P<0.05 values were
statistically significant.

RESULTS

Cytotoxicity Results

Breast cancer cell proliferation was suppressed with the
saponins from Astragalus species. CCK-8 kit was used
to determine cytotoxic effect of saponin extracts. MCF-
7 and MDA-MB-231 cells were treated with different
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Table 1 IC_, (uM) values of saponins in MDA-MB-231 breast cancer cell line

Exposure Astragaloside Astrasieversianin Macrophylosaponin-D  Macrophylosaponin-B Cyclocanthoside
time v X E

24 h 75.60 16.00 24.00 3.53 23.89

48 h 15.00 10.00 12.80 7.53 3.878

72h 88.9 20.25 51.70 3.27 69.88

MDA-MB-231: Isolated at M D Anderson from a pleural effusion of a patient with invasive ductal carcinoma

Table 2 IC_, (uM) values of saponins in MCF-7 breast cancer cell line

Exposure Astragaloside Astrasieversianin Macrophylosaponin-D  Macrophylosaponin-B Cyclocanthoside
time v X E

24 h 15.87 24.34 52.76 13.5 11.8

48 h 12.7 13.15 2.89 12.97 12.85

72h 3241 61.27 3.89 20.77 54.74

MCF-7: Michigan Cancer Foundation-7

concentration of saponins for 24, 48 and 72 h to evaluate
the cytotoxicity of saponins. IC, values of each saponins
in MCF-7 and MDA-MB-231 cells are shown in Tables 1
and 2. For MCEF-7 cell line after 24h, the mean difference
was not significant at 95% confidence level (CI) between
the control absorbency value and absorbency values ob-
tained at 200 uM, 150 uM, 100 uM, and 10 uM saponins
concentrations. However, in all concentrations cell via-
bility decreased significantly when compared with the
control group after 48 h exposure. The mean difference
was not significant at the 95% CI between the control
absorbency value and absorbency values obtained at
200 uM, 150 uM and 10 uM saponins concentrations af-
ter 72 h exposure. When the saponin concentration de-
creased from 200 uM to 100 uM, absorbency decreased
so the alive cell number decreased.

For the MDA-MB-231 cell line after 24h, the mean
difference was not significant at 95% confidence level
(CI) between the control absorbency value and ab-
sorbency values obtained at 200 uM and 150 pM
saponins concentrations. However, cell viability de-
creased significantly at 10 uM and 100 pM concentra-
tions and the control group after 24 h exposure. Fur-
thermore, after 48 h exposure, significance was observed
at 100 uM and 150 pM concentrations and the control
group. The mean difference was significant at the 95% CI
between the control absorbency value and absorbency
values obtained at 10 uM and 100 uM concentrations
of saponins after 72h exposure. The absorbency value
at the lowest concentrations of saponins was the low-
est when compared to other concentrations. Hence, the

lowest concentrations have the highest cytotoxic effect
on both MCF-7 and MAD-MB-231 breast cancer cells.
Breast cancer cell growth was significantly inhibited in
both cell lines depending on dose and time within 24-
48-72 h (p<0.05) (Figs. 1, 2). Also with the morphologi-
cal examination, these results were approved. As a result
of the agent interaction, it was observed that a portion
of cells died in Cyclocanthoside E, Astrasieversianin X
and Astragaloside IV agents (Fig. 3).

TUNEL Analysis

When p values of the saponin species used in the MDA-
MB-231 cell line were compared with the control, there
was no statistically significant. A strong activity of the
cycloartane-type glycosides on the MCF-7 cell line was
observed. 10 pM and 100 uM of glycoside samples were
added to breast cancer cells for 48 h showing an in-
crease in the number of cell apoptosis (Fig. 4). When
the p values obtained from all saponins (Cyclocantho-
side E, Astragaloside IV, Macrophilosaponin B and D,
Astrasieversianin X) used in the MCF-7 cell line were
compared with the control, statistically significant dif-
ference observed; p values were found as 0.013, 0.013,
0.014, 0.047, and 0.013, respectively.

DISCUSSION

Breast cancer is the most commonly diagnosed cancer
type among woman globally. New treatment strategies
and earlier detection decreases death rates.[13] Side effects
caused by traditional treatment methods, such as drugs
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Fig. 1. CCKS8 test values of Astragalus saponin extracts
to MCE-7 cells at different concentrations and 24-
48-72-time intervals.
MCEF-7: Michigan Cancer Foundation-7; CCKS8: cell
counting kit 8.

toxicity and the repetition of neoplasm due to aggressive
behaviour create significant problems in breast cancer pa-
tients. There is an alternative treatment strategies getting
greatest interest in today’s world. Products obtained from
the whole or some parts of the plants are used as a supple-
ment in treatment.[14] Natural compounds such as quer-
cetin, curcumin, soy isoflavones, and lentinan are used
as potential chemopreventive agents.[15-17] Resveratrol
reduces the adverse effect of cancer drugs.[18] The effects
of curcumin for chemoprevention have been reported ac-
cording to many molecular mechanisms, such as induc-
ing apoptosis and reactive oxidative species scavenging.
[19] Studies indicated that cancer risk-reducing with the
use of ginseng in humans. The active compound of gin-
seng reactivates natural killer cells that are disrupted dur-
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Fig. 2. CCKS test values of Astragalus saponin extracts
to MDA-MB-231 cells at different concentrations
and at 24-48-72-time intervals.
MDA-MB-231: Isolated at M D Anderson from a pleu-
ral effusion of a patient with invasive ductal carcinoma;
CCKS: cell counting kit 8.

ing chemotherapy and radiotherapy, increases antibody
formation by inducing macrophages.[20] Saponins have
anti-cancer activities through by targeting many cancer-
related pathways. It targets cell cycle arrest, and induce
apoptosis, ER stress activation, and migration inhibition.
Ginsenosides are an active constituent of Ginseng and
they consist steroidal saponins, protopanaxadiols, and
protopanaxatriols. Ginsenosides suppresses cancer cells
growth, promotes tumor cell cycle arrest and apoptosis,
induces autophagy and necrosis, and also inhibits inva-
sion and metastasis of cancer cells.[21]

Saponins are commonly found in flowering plants
(Angiospermae) of medicinally important plants spe-
cies such as Aesculus hippocastanum L., Gycyrrhiza
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Fig. 3. Microscopic images obtained as a result of CCK-8
cytotoxicity test.
CCKS: cell counting kit 8.

inflata Bat., Panax ginseng C.A.Mey., Astragalus L., Bu-
pleurum chinense DC., Primula vulgaris Huds., Cyclami-
nos Heldr. and Hedera helix L. from the subdivision Di-
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cotyledonae and Dioscorea, Smilax, and Ruscus from the
Monocotyledonae subdivision. They are glycosides with
a triterpenic aglycone structure in dicots or a steroidal
aglycone in monocots. They have cardioprotective, an-
ti-inflammatory, anti-viral, and immunoregulatory ef-
fects. Araliaceae, Leguminosae, Polygalaceae, and Cam-
panulaceae families are important sources for saponins.
Saponins show an anti-cancer property with different
pathways such as proliferation, metastasis, angiogen-
esis, and autophagy regulation.[22] Studies have shown
that ginsenoside, Rg3, obtained from ginseng, which is
among plant-derived saponins, suppresses the invasive
and metastatic capacity of lung and ovarian cancer cells,
and induces apoptosis of melanoma cells.[23-25]

In gastrointestinal cancer, saponins regulate many
cancer signaling pathways, affect the immune system,
and interact with various transcription molecules against
inflammation.[26] There is another study to evaluate the
anticancer activity of total saponins from the Camellia
oleifera Abel. in hepatoma-22 tumor-bearing mice. Sa-
ponins induced cancer cell apoptosis through the ef-
fect of the antiapoptotic factors, which upregulate the
protein expression of Bax and downregulate the pro-
tein expression of Bcl-2.[27] a-hederin is triterpenoid
saponin in Nigella species. In a study demonstrate the
pro-apoptotic effects of a-hederin on breast cancer cells
through the apoptotic pathway. For MTT assay, breast
cancer cell lines were treated with a-hederin (0.08, 0.4,
2,and 10 ug/mL) for 12, 24, and 48 h. a-hederin induces
caspase-3 and caspase-9 activation and promote apopto-
sis of MCF-7 and MDA-MB-231 cells.[28]

There are many researches on the activity of sapo-
nins in breast cancer. It has been suggested that sa-
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Fig.4. TUNEL stained breast cancer cell lines are seen in x20 objective magnification.
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ponins have anticancer, cytotoxic, proapoptotic, and
anti-invasive effects. It has been proven that ginseng
saponins can create a valid therapeutic effect for breast
cancer treatment by demonstrating its anti-metastatic
effect against 4T1 cells metastatic breast cancer cell.[29]

A study demonstrated Astragalus species has an
anticancer effect with its immunostimulating activity
[30]. Astragaloside IV, Astrasieversianin X, Cyclocan-
thoside E, and Macrophylla Saponin B and D are sa-
ponins isolated from Astragalus species. Saponins ob-
tained from Astragalus species have anti-inflammatory,
antioxidative, and anti-cancer activities.[5]

Astragalus polysaccharides with chemotherapy can
prevent tumor development, decrease the toxicity of
chemotherapy, increase immunity and heal the qual-
ity of cancer patient life.[31] In another study, breast
cancer invasion and migration were inhibited with
Astragalus polysaccharides by affecting the epithelial-
mesenchymal transition pathway.[32]

Apatinip and Astragalus polysaccharides, which are
used in the gastric cancer therapy, inhibit the increase
of cancer cells depending on the dose and cause an in-
crease in apoptosis.[33] In another tumor xenograft
in vivo study, it was observed that Astragalus saponins
combined with adjuvant chemotherapeutics could at-
tenuate cancer development through various action
pathways such as regulation of angiogenesis.[34]

In our study, possible cytotoxic and apoptotic ac-
tivities of saponins obtained from Astragalus species on
breast cancer cell lines were revealed in the light of re-
search investigating the anticancer properties of sapo-
nins. This is the first study investigating the antitumor
properties of different saponin extracts from Astragalus
species in breast cancer. The result of the research, low
dose saponin extracts reduce the viability of cell lines,
more significantly in MCF-7 cells, increased apoptosis
in MCEF-7 cell line. Cell viability as evaluated with the
CCK-8 test, which is one of the cytotoxicity methods,
and the anticancer effects of saponins were examined.
Significant cytotoxic effects were demonstrated in low
doses at 48 and 72 h. With these conclusions, it has been
proven that Astragalus saponins inhibit breast cancer
cells proliferation depending on a dose and time. In one
report, the antitumor activity of total saponins of Paris
forrestii on human prostate cancer cell lines (PC3) was
evaluated. Cells were treated with 0, 2, 4, 6, 8, and 10
uM saponins for 6, 24, and 48 h. As a result, 1 uM and
2 UM of saponins significantly suppressed the invasion
and migration of PC3 cells. Saponins of P. forrestii can
induce apoptosis of human prostate cancer cell lines at
very low doses.[35]
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Apoptosis essential in the assessment of anticancer
properties of plant extracts. Apoptosis is the elimina-
tion of unwanted and unrepaired cells. Apoptosis is
among the aims of cancer treatment methods such as
chemotherapy. The level between cell proliferation and
cell death is disrupted in cancer. Fact that natural com-
pounds that stimulate cell death can be used as drugs
cause an increase in studies on this subject. There
are studies showing the cytotoxic effects of saponins
through apoptosis to prevent cancer formation.[36]
Apoptotic activities of cycloartane-type saponins used
in this study were observed in breast cancer cell lines
by TUNEL staining method and statistically significant
differences were considered in MCF-7 cell lines.

These results showed that saponins obtained from
Astragalus have important antiproliferative and anti-
apoptotic effects in the MCF-7 cell line, the data will
provide a source for further studies on the subject.

Acknowledgements: The authors would like to thank Prof.
Dr. Ayse Elif Erson Benson from the Department of Biolog-
ical Sciences, METU for supplying MDA-MB 231 cell lines.
Also, another thank to Associate Professor Mahmut Cerkez
Ergoren and Dr. Giilten Tuncel for their support for provid-
ing the culture medium.

Peer-review: Externally peer-reviewed.

Conflict of Interest: All authors declared no conflict of in-
terest.

Financial Support: This study was supported in terms of
equipment and laboratories by DESAM Institute, Faculty of
Medicine and Faculty of Pharmacy of Near East University,
Nicosia, Cyprus.

Authorship contributions: Concept - PT,, G.O., A.K; De-
sign - PT., G.O,; Supervision - PT,, A.K,, 1.C.; Materials - 1.C.,
H.$.; Data collection and/or processing - PT.,, G.O.; Data
analysis and/or interpretation — PT., G.O.; Literature search -
G.0,, 1.C.; Writing - G.O,; Critical review - PT, A.K, 1.C.

REFERENCES

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjo-
mataram I, Jemal A, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer
J Clin 2021;71(3):209-49.

2. Yin SY, Wei WC, Jian FY, Yang NS. Therapeutic appli-
cations of herbal medicines for cancer patients. Evid
Based Complement Alternat Med 2013;2013:302426.

3. Shirode AB, Bharali DJ, Nallanthighal S, Coon JK,
Mousa SA, Reliene R. Nanoencapsulation of pome-



356

granate bioactive compounds for breast cancer chemo-
prevention. Int ] Nanomedicine 2015;10:475-84.

4. Teoh PL, Liau M, Cheong BE. Phyla nodiflora L. Ex-
tracts mduce apoptosis and cell cycle arrest in hu-
man breast cancer cell line, MCF-7. Nutr Cancer
2019;71(4):668-75.

5. LiX,QuL,DongY,HanL, Liu E, Fang Set al. A review
of recent research progress on the astragalus genus.
Molecules 2014;19(11):18850-80.

6. Rao AV, Gurfinkel DM. The bioactivity of saponins:
triterpenoid and steroidal glycosides. Drug Metabol
Drug Interact 2000;17(1-4):211-35.

7. Man S, Gao W, Zhang Y, Huang L, Liu C. Chemical
study and medical application of saponins as anti-
cancer agents. Fitoterapia 2010;81(7):703-14.

8. ZhangJ, Wu C, Gao L, Du G, Qin X. Astragaloside IV
derived from Astragalus membranaceus: A research
review on the pharmacological effects. Adv Pharmacol
2020;87:89-112.

9. Jiang K, Lu Q,Li Q, Ji Y, Chen W, Xue X. Astragaloside
IV inhibits breast cancer cell invasion by suppress-
ing Vav3 mediated Racl/MAPK signaling. Int Im-
munopharmacol 2017;42:195-202.

10. Calis I, Yiiriiker A, Tagdemir D, Wright AD, Sticher O,
Luo YD, et al. Cycloartane triterpene glycosides from
the roots of Astragalus melanophrurius. Planta Med
1997;63(2):183-6.

11.Calis I, Zor M, Saracoglu I, Isimer A, Rilegger H.
Four novel cycloartane glycosides from Astragalus
oleifolius. ] Nat Prod 1996;59(11):1019-23.

12.Simgek F, Inan S, Miiftiioglu S, Ozbilgin K, Vatansever
S, Tuglu 1. Effects of propranolol and paclitaxel on an-
giogenesis in breast cancer cell lines. Cukurova Medi-
cal Journal 2019:44(1)144-53.

13.Momenimovahed Z, Salehiniya H. Epidemiologi-
cal characteristics of and risk factors for breast can-
cer in the world. Breast Cancer (Dove Med Press)
2019;11:151-64.

14.Cassidy A. Are herbal remedies and dietary supple-
ments safe and effective for breast cancer patients?
Breast Cancer Res 2003;5(6):300-2.

15.Park W, Amin AR, Chen ZG, Shin DM. New perspec-
tives of curcumin in cancer prevention. Cancer Prev
Res (Phila) 2013;6(5):387-400.

16.Kashyap D, Garg VK, Tuli HS, Yerer MB, Sak K,
Sharma AK, et al. Fisetin and quercetin: promis-
ing flavonoids with chemopreventive potential.
Biomolecules 2019;9(5):174.

17.Uifalean A, Schneider S, Ionescu C, Lalk M, Tuga CA.
Soy 1soflavones and breast cancer cell lines: molecular
mechanisms and future perspectives. Molecules. 2015
Dec 22;21(1):E13.

18.Sinha D, Sarkar N, Biswas ], Bishayee A. Resveratrol
for breast cancer prevention and therapy: Preclinical

Turk J Oncol 2023;38(3):350-7
doi: 10.5505/tj0.2023.3933

evidence and molecular mechanisms. Semin Cancer
Biol 2016;40-41:209-32.

19.Wang Y, Yu ], Cui R, Lin ], Ding X. Curcumin in
Treating Breast Cancer: A Review. ] Lab Autom
2016;21(6):723-31.

20. Shareef M, Ashraf MA, Sarfraz M. Natural cures for breast
cancer treatment. Saudi Pharm ] 2016;24(3):233-40.

21.Li X, Chu S, Lin M, Gao Y, Liu Y, Yang S, et al. Anti-
cancer property of ginsenoside Rh2 from ginseng. Eur
] Med Chem 2020;203:112627.

22.Xu XH, Li T, Fong CM, Chen X, Chen XJ, Wang YT,
et al. Saponins from Chinese Medicines as Anticancer
Agents. Molecules 2016;21(10):1326.

23.Lee SG, Kim BS, Nam JO. Ginsenoside Rg3 induces
apoptosis in B16F10 melonoma cells. Journal of Life
Science 2014;24:1001-05.

24.Zhang Q, Kang X, Zhao W. Antiangiogenic effect of
low-dose cyclophosphamide combined with ginseno-
side Rg3 on Lewis lung carcinoma. Biochem Biophys
Res Commun 2006;342(3):824-8.

25.Kim Y], Choi WI, Jeon BN, Choi KC, Kim K, Kim T7J,
et al. Stereospecific effects of ginsenoside 20-Rg3 in-
hibits TGF-p1-induced epithelial-mesenchymal tran-
sition and suppresses lung cancer migration, invasion
and anoikis resistance. Toxicology 2014;322:23-33.

26.Auyeung KK, Han QB, Ko JK. Astragalus mem-
branaceus: A Review of its Protection Against Inflam-
mation and Gastrointestinal Cancers. Am ] Chin Med
2016;44(1):1-22.

27.Wang D, Huo R, Cui C, Gao Q, Zong J, Wang Y, et al.
Anticancer activity and mechanism of total saponins
from the residual seed cake of Camellia oleifera Abel.
in hepatoma-22 tumor-bearing mice. Food Funct
2019;10(5):2480-90.

28.Cheng L, Xia TS, Wang YF, Zhou W, Liang XQ, Xue JQ,
et al. The anticancer effect and mechanism of a-hed-
erin on breast cancer cells. Int ] Oncol 2014;45(2):757-
63.

29.Wang P, Cui ], Du X, Yang Q, Jia C, Xiong M, et al.
Panax notoginseng saponins (PNS) inhibits breast can-
cer metastasis. ] Ethnopharmacol 2014;154(3):663-71.

30. Yesilada E, Bedir E, Calis I, Takaishi Y, Ohmoto Y. Ef-
fects of triterpene saponins from Astragalus species on
in vitro cytokine release. ] Ethnopharmacol 2005;96(1-
2):71-7.

31.Duan P, Wang ZM. Clinical study on effect of Astra-
galus in efficacy enhancing and toxicity reducing of
chemotherapy in patients of malignant tumor. Zhong-
guo Zhong Xi Yi Jie He Za Zhi 2002;22(7):515-7.

32.Yang S, Sun S, Xu W, Yu B, Wang G, Wang H. As-
tragalus polysaccharide inhibits breast cancer cell
migration and invasion by regulating epithelial mes-
enchymal transition via the Wnt/} catenin signaling
pathway. Mol Med Rep 2020;21(4):1819-32.



Ogtci et al.
The Effect of Saponins on the Breast Cancer Cells

33.Wu ], Yu ], Wang J, Zhang C, Shang K, Yao X, et al.
Astragalus polysaccharide enhanced antitumor effects
of Apatinib in gastric cancer AGS cells by inhibit-
ing AKT signalling pathway. Biomed Pharmacother
2018;100:176-83.

34. Auyeung KK, Law PC, Ko JK. Combined therapeutic
effects of vinblastine and Astragalus saponins in hu-
man colon cancer cells and tumor xenograft via in-
hibition of tumor growth and proangiogenic factors.
Nutr Cancer 2014;66(4):662-74.

357

35.Xia C, Chen L, Sun W, Yan R, Xia M, Wang Y, et al.
Total saponins from Paris forrestii (Takht) H. Li. show
the anticancer and RNA expression regulating ef-
fects on prostate cancer cells. Biomed Pharmacother
2020;121:109674.

36.Han LT, Fang Y, Li MM, Yang HB, Huang F. The antitu-
mor effects of triterpenoid saponins from the anemone
flaccida and the underlying mechanism. Evid Based
Complement Alternat Med 2013;2013:517931.



