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INTRODUCTION

ABSTRACT

Objective: Ovarian carcinoma is one of the most lethal gynecological cancers, as it responds
later to diagnostic methods and therapeutic responses in advanced stages. Many phytochemical
compounds have been shown to be protective against cancer. Tubuloside A (TbA) is the main
compound extracted from the plant Cistanche tubulosa, and its pharmacological effects have
been studied broadly. Until now, the role of TbA in human ovarian carcinoma is unknown. The
goal of this study was to evaluate the effects of TbA on DNA damage and apoptosis in A2780
cell lines.

Methods: Different concentrations of TbA (1, 5, 25, 50, and 100 uM) and 5- Fluorouracil (1, 5, 25,
50, and 100 pM) treated to the human ovarian cancer cell (A2780) line for 24 h. After incubation,
cell viability (MTT), genotoxicity (Comet analyses), and mRNA expression analyses of apoptotic
markers (Caspase-3, Bax, Bcl-2, and p53) were determined.

Results: Applied doses of 50 and 100 uM of TbA and 5- Fluorouracil significantly reduced cell
viability. Also, TbA increased DNA damage in A2780 cells. Additionally, TbA up-regulated the
mRNA expressions of caspase-3, Bax, and p53, which are apoptosis-inducing factors, and down-
regulated the expression of Bcl-2.

Conclusion: These results show that the p53 and caspase-3 signaling pathways may exhibit a
key role in TbA-associated effects on A2780 cells and TbA may be a potential drug aspirant for

ovarian cancer therapy.
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survival rate in ovarian cancer is 70-90% and it is increasing

Ovarian cancer is one of the lethal among gynecological tumors
and comes after uterine cancer in terms of incidence [1]. Ovarian
cancer cases are hidden and it is very difficult to determine
whether it is benign or malignant. However, diagnosing ovarian
cancer at an advanced stage limits its treatment options [2].
Developing diagnostic methods and effective treatments for this

disease group are promising. Statistical results report that the
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rapidly day by day [3].

Resistance to chemotherapeutic drugs is a frequently
encountered problem in cancer treatment. One of the main
reasons for this problem is the drug resistance that develops in
cancer cells. This process has a very complex infrastructure

and is an important cause of tumor heterogeneity. One of the
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important consequences of drug resistance is that cancer cells
become insensitive to therapeutics and escape from apoptosis
[4]. Changes in apoptotic genes (such as p53, Bcl-2, and Bax)
and signal transduction pathways have been reported in drug-
resistant cells [5]. Studies report that Bcl-2, together with Bel-X1
and Mcl-1, modulates resistance to chemotherapy and reduces
survival in ovarian cancer patients [6,7]. There are different
cancer subgroups in which at least one family member of these
anti-apoptotic proteins is overexpressed, and these are more
common in inherently resistant cancers [8]. Currently, available
anticancer therapies contain treatments based on targeting
cancer cell DNA integrity and/or replication, which indirectly
triggers apoptosis in tumor cells [9,10]. The discovery of new
compounds and the determination of their potential cytotoxic
and apoptotic effects are important for increasing the success

rate of treatment.

Tubuloside A (TbA) is a phenylethanoid glycoside obtained
from Cistanche tubulosa plant and is widely used in the
purpose of memory-augmentative, impotency and constipation
[11]. In in vivo studies demonstrated that C. tubulosa extract
exhibited hepatoprotective effects against liver damage-
induced d-galactosamine (d-GalN)/lipopolysaccharide in mice
[12] and hypoglycemic and hypolipidemic effects in diabetic
rodents [13,14]. However, in vitro studies, it was reported that
Tubuloside B (TbB) obtained from C. salsa plant antagonized
TNF-a-induced apoptosis in SH-SYS5Y cells and exhibited
neuroprotective effect [15]. Furthermore, it was reported that
acteoside (81%), echinacoside (75%), cistantubuloside A (83%),
2’-acetylacteoside (93%), and cistanoside A (33%), which were
isolated from C. tubulosa plant, showed antitumor activity on

mouse skin melonama cells [16].

In the current studies, there has been no study on the role of TbA

on ovarian cancer. This study reports for the first time whether

Main Points;

e Ovarian cancers are one of the most common cancer
types in the reproductive system.

e Tubuloside A (TbA), a phenylethanoid glycoside,
significantly reduced ovarian cancer cell viability

e TbA increased DNA damage and apoptosis in ovarian
cancer cell line

e TbhA may be a potential drug aspirant for ovarian cancer

therapy
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TbA has possible cytotoxic potential in ovarian cancer cells. In
this regard, the effect of TbA on A2780 ovarian cancer cells; cell
viability test was determined by changes in mRNA expression

of DNA damage and apoptotic markers.

MATERIALS AND METHODS

Cell Culture

The A2780 ovarian cancer cells were provided by Professor
Siileyman Sandal from the Inénii University Faculty of
Medicine. The cells were first removed from the nitrogen tank
and inoculated in flasks (25 cm?). A2780 cells were nourished
with 1640-RPMI medium (prepared by adding 100 U/mL
penicillin, 10% FBS, and 0.1 mg/mL streptomycin). The medium
was changed (in a twice a week) and the cells were cultured in
5% CO, in an incubator medium at 37°C (Thermo Forma, USA).
Cells that were approximately 80% confluent in the flask, were
removed by trypsin-EDTA solution, stained with trypan blue
(0.4%), and counted under an inverted microscope. To determine
the effect of the compounds on cell viability, seeding was done

in 96-well plates with approximately 15x10°* cells in each well.

Cell Viability Analyzes

1, 5, 25, 50 and 100 uM doses of TbA (ChemFaces, Wuhan,
Hubei, China) and 5- Fluorouracil (5-FU, Sigma-Aldrich, MO,
USA) were prepared in dimethylsulfoxide (DMSO; the final
concentration of DMSO was maintained at 0.1%) and applied
for 24 hours. After incubation, the medium in the well was
removed and 50 pL of the prepared MTT solution (0.5 mg/ml)
was transferred to each well. After 3 hours of incubation, the
MTT solution in the wells was removed and DMSO (100 pL)
was transferred to well. The optical densities were measured
on an ELISA (Thermo, USA) at a wavelength of 570 nm [17].
Control wells (wells containing only medium) were read and
values were accepted as 100% viable cells and percent viability

values were calculated.

Genotoxicity Analyses

For genotoxicity analyses, cells were seeded in 6-well plates
and 50 and 100 uM doses of TbA were applied for 24 hours.
The level of damage to cell DNA was determined using the
alkaline Comet assay technique according to Singh et al. with
minor modifications [18]. First, the slides were coated with 1%
normal melting agarose (NMA) prepared in phosphate buffer.
24 hours after application of the compounds, cells were removed
from the plates and counted under a microscope. 10 puL of the

suspension (approximately 10000 cells) was transferred to an
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tube and 80 pL of low melting agarose was added. This cell
mixture was placed on slides coated with NMA and a coverslip
was covered. The preparations were left at +4 °C and in the
dark for 15 minutes. The coverslips were then carefully stripped
and the slides were kept in lysis solution at +4 °C for | hour.
Cold electrophoresis buffer was placed on the slides placed
in the same plane on the horizontal electrophoresis tank and
electrophoresis was performed at 25 volts (300 mA) for 25
minutes. After electrophoresis, the slides were washed with
neutralization buffer three times for 5 minutes at +4 °C. Finally,
the slides were stained with ethidium bromide and images were
taken under a fluorescence microscope (Zeiss Axiol, Germany).
Images were processed using Tritek Comet Score software. One
hundred cells were randomly counted from slides and tail DNA
(%) parameters were determined and data were given as median
(10-90 percentiles). This value was considered an indicator of
DNA damage [19].

mRNA Expression Analyses

For mRNA analyses, cells were propagated in 100 mm culture
disks and applications were carried out. The cell medium was
then aspirated and the cells were washed with cold PBS. Cells
were collected into tubes with the help of a scraper. RNA was
isolated from cells using the RNA Purification Kit (Genelet,
Thermo Fisher Scientific). The quantity and/or quality of the
obtained RNAs were measured at A260/280 UV wavelengths
using the Nanodrop (Maestrogen/MN-913) device. The amounts
of RNA isolated from each group of cells were calculated to
yield lpg RNA in total for cDNA extraction. DNase I (Thermo
Fisher Scientific, USA) was then applied to remove DNA from
RNA and cDNA was obtained from the RNA using cDNA
Synthesis Kit (RevertAid, Thermo Fisher Scientific, USA).

The primers used in the experiment were designed by the
study team using the FastPCR 6.0 [20] computer package
program and the mRNA sequences of Homo sapiens-

specific B-actin (F-AGCAAGAGAGGCATCCTCACC,
R-ACAGGGATAGCACAGCCTGGA; NM_00110L.5),
Bax (F-GACATTGGACTTCCTCCGGGA, R-
ACAAAGATGGTCACGGTCTGC; NM 001291428.2)
Bcl-2 (F-TGGACAACATCGCCCTGTGGA, R-
TCACTTGTGGCCCAGATAGGCA,; NM_000633.3),
caspase-3 (F-GCTCCTAGCGGATGGGTGCTA, R-

GATTTCAAGGCGACGCCAACC; NM _004346.4),
and p33 (F-AAACCTACCAGGGCAGCTACG,
R-CTCACAACCTCCGTCATGTGC; AB082923.1) genes were
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obtained from the NCBI website.

Differences between the expression levels of selected genes
were examined using Bio-RAD CFX Manager 3.1 software on
the Bio RAD real-time PCR device. The relative changes in the
mRNA expression levels of target genes were calculated by the
2% ¢t method based on the cycle threshold (Ct) values of the
amplification curves obtained after the amplification process
consisting of three steps: denaturation, primer adhesion and
chain extension [21]. The calculated value was substituted into
the 2-4* ct formula for each gene and the mRNA expression level
was determined as a fold decrease or increase. The B-actin gene
was used as an endogenous control and the expression levels
of other genes were corrected (normalization) according to the

B-actin gene level of each sample.

Statistical Analyses

The obtained data were analyzed in GraphPad 8 program. The
Kruskal-Wallis test was used for differences between groups
in MTT and Comet analysis results, and Dunn’s Multiple
Comparison Test was used for multiple comparisons. In mRNA
analyses, the difference between group means was evaluated
with the one-way ANOVA test, and multiple comparisons were
evaluated with Tukey’s test. Results were given as mean =+
standard deviation and p<0.05 was considered significant in all

comparisons.

RESULTS

TbA and 5-FU Applications Reduced Cell Viability

Applied doses of 50 and 100 uM of TbA significantly reduced
cell viability compared to the control group (Figure 1) (p<0.05).
This reduction was determined to be 25% and 35% at 50 uM and
100 uM doses, respectively. Moreover, 100 uM TbA application
showed a significant cytotoxic effect compared to the solvent
group (p<0.05). To determine the cytotoxic activity of TbA in
A2780 cells, the activity of the standard chemotherapy drug
5-FU in cell cytotoxicity was also determined (Figure 2). Applied
doses of 1-25 uM of 5-FU did not significantly affect viability in
A2780 cells. On the other hand, 50 and 100 uM doses of 5-FU
significantly decreased cell viability (p<0.05).

TbA Application Induced DNA Damage In Cancer Cells

The level of DNA damage in A2780 cells after TbA and 5-FU
applications was shown in Figure 3. After 100 pM 5-FU
application, the tail DNA % parameter did not alter significantly
compared to the control. On the other hand, 100 uM TbA caused
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a significant enhancement in the DNA damage level, and this
change was significant compared to the control group (Figure 3;
p<0.05). These results show that TbA exerts a genotoxic effect
on human ovarian cancer cell lines by inducing DNA damage
and that this effect may mediate cell death.

TbA Increased mRNA Expression Levels of Pro-apoptotic
Genes

5-FU (100 puM) and TbA (50 and 100 uM doses) treatments
up-regulated Bax (Figure 4A), p53 (Figure 4B), and caspase-3
(Figure 4C) mRNA expressions compared to controls, whereas
down-regulated Bcl-2 mRNA expression (Figure 4D) (p<0.05).
This showed that TbA exerts a cytotoxic effect on human ovarian

cancer cells by inducing apoptosis, especially at high doses.
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Figure 1. A2780 cell viability level after TbA application. Data
are given as mean £+ SD. *p<0.05 compared to control group,
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Figure 2. A2780 cell viability level after 5-FU application. Data
are given as mean £ SD. *p<0.05 compared to control group,
#p<0.05 compared to DMSO group

Figure 3. DNA damage level in A2780 cells after TbA (100 uM)
and 5-FU (100 uM) application. Data are given as mean + SD.
Different letters (a,b) are statistically significant (p<0.05).

DISCUSSION

The main active components of C. tubulosa are phenylethanoid
glycosides [22]. In recent years, the results of various studies
have emphasized that TbA shows various pharmacological
and biological activities [12,23]. However, the molecular and/
or cellular mechanisms underlying these effects are not fully
solved. This study demonstrated for the first time that TbA has
genotoxic and cytotoxic effects on a human ovarian cancer cell

line by inducing DNA damage and apoptosis.

In an in vitro study investigating the protective effect of TbB
on SH-SYS5Y neuronal cells, it was reported that approximately
45.6% of the cells underwent apoptosis death after incubation
with TNF-a, whereas TbB (I, 10 and 100 mg/L) treatment
decreased the cell death rate in a dose-dependent manner (30%,
19.5% and 6.2%, respectively) [15]. Similarly, it was reported that
different concentrations of TbB (5, 10, 50 and 100 uM) increased
the cell survival rate decreased by 1-methyl-4-phenylpyridinium
ion in PC12 neuronal cells [24]. In addition, it has been reported
that acteoside (26.7uM), a phenyletenoid glycoside, can induce
DNA degradation in promyelocytic leukemia HL-60 cell lines
[25]. Another phenyletenoid compound, verbascoside, has been
shown to inhibit the growth of human colorectal cancer cell
lines (HT-29, HCT-116, LoVo, and SW62) in a time- and dose-
dependent manner at a concentration of 29-67 uM after 24, 48
and 72 hours of incubation at 25-100 uM [26]. In this study, like
other phenyletenoid compounds, 24 h TbA treatment inhibited
cell growth and showed antiproliferative effect in A2780 ovarian

cancer cells at 50 and 100 pM amounts.
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Figure 4. Effect of TbA (50 and 100 uM) and 5-FU (100 uM) treatment on Bax (A), p53 (B), caspase-3 (C) and Bcl-2 (D) expression
levels in A2780 cells. Data are given as mean = SD. Different letters (a,b,c) are statistically significant (p<0.05).

Whether Echinacoside from Cistanche and Echinacea plants
causes DNA damage was investigated in cancer cell lines (SW480,
MCF-7, SK-HEP-1, and 48 MG-63) and non-cancer cell lines
(human normal liver-LO2, human embryonic kidney-HEK 293
and mouse fibroblast-NTH/3T3). These cell lines were exposed
to Echinacoside 0, 15, 30, 60, and 80 uM for 5, 12 or 24 hours
and examined by fluorescent immunostaining, it was reported
that doses above 60 pM increased DNA damage in cancer cell
lines and did not cause any change in non-cancer cell lines
[27]. Furthermore, Dong et al [28] revealed that Echinacoside
occurred a significant increase in 8-0xo0G, intracellular oxidized
guanine, and a dramatic increase in double-stranded DNA break
binding protein (53BP1) in SW480 cancer cells. Similarly, as a
result of Comet analysis in this study, it was seen that TbA had
a genotoxic effect by causing DNA damage in A2780 ovarian

cancer cell lines.

Ithas been shown in some studies that C. tubulosa phenylethanoid
glycosides exhibit antitumor effects on various tumor cells
[29,30]. Yuan et al [31] reported that phenylethanoid glycosides
significantly inhibited the growth of HepG2 and BEL-7404
from cancer cells through mitogen-activated protein kinase

and apoptosis. Also, in the study investigating the antitumor
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effect of C. tubulosa phenylethanoid glycosides on esophageal
cancer (Eca-109), it was reported that the apoptotic process
was associated with Bc/-2 and showed effect by increasing
caspase-3, -7 and -9 levels [32]. Some studies have shown that
Bcl-2, Bax, and caspase-3 play a main role in apoptosis in A2780
cells [5,33]. In this study, it was shown that TbA could induce
Bax expression and up-regulate caspase-3 while inhibiting Bcl-
2 expression in A2780 cells. Besides, the majority of tumors
are associated with mutation of p53 gene, and this may affect
apoptosis by changing the regulation of Bc/-2 [5]. In this study,
it was found that TbA increased p353 expression in A2780 cells.
These results suggest that TbA may induce apoptosis through
caspase-3-dependent apoptotic signaling as well as increasing

p33 expression in ovarian cancer.

CONCLUSIONS

In conclusion, it has been shown that TbA reduces cell viability
in ovarian cancer and promotes apoptosis by activating p53 and
caspase-3 pathways. This indicates that TbA may be a promising
new choice for the treatment of ovarian cancer. Additionally, the
underlying mechanism needs to be investigated in more detail

in future studies.



European Journal of Therapeutics (2023)

Conflict of interest: The authors declare that they have no

conflicts of interest.

Funding: The authors have stated that this study received no

financial support.

Ethical Approval: The authors state that in vitro studies with
human cell cultures do not require ethical approval.

Author Contributions: Conception: AT; SI - Design: FZN,
SG, YE - Supervision: AT, SI - Materials: FZN, YE- Data
Collection and/or Processing: AT, SI, FZN, YE- Analysis and/
or Interpretation: FZN, SG- Literature: AT, SI - Review: AT, SI -
Writing: AT, SI - Critical Review: AT, SI

AT and SI conceptualized the present study, conducted the
investigation, and were involved in data curation. FZN, SG, and
YE analyzed and interpreted data. SI wrote the original draft. AT
and SI wrote, reviewed and edited the manuscript. AT, FZN, YE
and SI confirm the authenticity of all the raw data. All authors
read and approved the final manuscript.

REFERENCES

[1] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA,
Jemal A (2018) Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 68: 394-424.
https://doi.org/10.3322/caac.21492

[2] Luo J, Zhou J, Cheng Q, Zhou C, Ding Z (2014) Role of
microRNA-133a in epithelial ovarian cancer pathogenesis
and progression. Oncol Lett 7: 1043-1048. PubMed/NCBI.
https://doi.org/10.3892/01.2014.1841

[3] Goff BA (2022). Ovarian cancer is not so silent.
Obstet Gynecol 139: 155-156. https://doi.org/10.1097/
A0G.0000000000004664

[4]. Yang X, Zheng F, Xing H, Gao Q, Wei W, Lu Y, Wang S,
Zhou J, Hu W, Ma D (2004) Resistance to chemotherapy-
induced apoptosis via decreased caspase-3 activity and
overexpression of antiapoptotic proteins in ovarian

cancer. J Cancer Res Clin Oncol 130: 423-428. https:/doi.

0rg/10.1007/s00432-004-0556-9

[5] Yu G, Li N, Zhao Y, Wang W, Feng XL (2018) Salidroside

induces apoptosis in human ovarian cancer SKOV3 and

Tureyen A et al.

A2780 cells through the p53 signaling pathway. Oncol Lett
15: 6513-6518. https:/doi.org/10.3892/01.2018.8090

[6] Adams JM, Cory S (2007) The Bcl-2 apoptotic switch in
cancer development and therapy. Oncogene 26: 1324-1337.
https://doi.org/10.1038/sj.onc.1210220

[7]1 Vogler M (2012) BCL2A1: The underdog in the BCL2
family. Cell Death Differ 19: 67-74. https://doi.org/10.1038/
cdd.2011.158

[8] Azmi AS, Wang Z, Philip PA, Mohammad RM, Sarkar
FH (2011) Emerging Bcl-2 inhibitors for the treatment of
cancer. Expert Opin Emerg Drugs 16: 59-70. https://doi.org
/10.1517/14728214.2010.515210

[9] Borner C (2003) The Bcl-2 protein family: Sensors and
checkpoints for life-or-death decisions. Mol Immunol 39:
615-647. https://doi.org/10.1016/S0161-5890(02)00252-3

[10] Pfeffer CM, Singh AT (2018) Apoptosis: A target for
anticancer therapy. Int J Mol Sci 19: 448. https:/doi.
0rg/10.3390/ijms19020448

[11] Al-Snafi AE (2020) Bioactive metabolites and pharmacology
of Cistanche tubulosa-A review. IOSR J Pharm 10: 37-46.

[12] Morikawa T, Xie H, Pan Y, Ninomiya K, Yuan D, Jia X,
Yoshikawa M, Nakamura S, Matsuda H, Muraoka O. A
(2019) A review of biologically active natural products
from a desert plant Cistanche tubulosa. Chem Pharm Bull
(Tokyo) 67: 675-689. https://doi.org/10.1248/cpb.c19-00008

[13] Xiong WT, Gu L, Wang C, Sun HX, Liu X (2013) Anti-
hyperglycemic and hypolipidemic effects of Cistanche
tubulosa in type 2 diabetic db/db mice. J Ethnopharmacol
150: 935-945. https://doi.org/10.1016/j.jep.2013.09.027

[14]ZhuK,MengZ, Tian Y, GuR, XuZ, Fang H, Liu W, Huang W,
Ding G, Xiao W (2021). Hypoglycemic and hypolipidemic
effects of total glycosides of Cistanche tubulosa in diet/
streptozotocin-induced diabetic rats. ] Ethnopharmacol 76:
113991. https:/doi.org/10.1016/].jep.2021.113991

[15] Deng M, Zhao JY, Ju XD, Tu PF, Jiang Y, Li ZB (2004)
Protective effect of tubuloside B on TNFalpha-induced
apoptosis in neuronal cells. Acta Pharmacol Sin 25: 1276-
1284.

[16] Ayupbek A, Ziyavitdinov JF, Ishimov UJ, Sagdiev NZ,

905


https://doi.org/10.3322/caac.21492
https://doi.org/10.3892/ol.2014.1841
https://doi.org/10.1097/AOG.0000000000004664
https://doi.org/10.1097/AOG.0000000000004664
https://doi.org/10.1007/s00432-004-0556-9
https://doi.org/10.1007/s00432-004-0556-9
https://doi.org/10.3892/ol.2018.8090
https://doi.org/10.1038/sj.onc.1210220
https://doi.org/10.1038/cdd.2011.158
https://doi.org/10.1038/cdd.2011.158
https://doi.org/10.1517/14728214.2010.515210
https://doi.org/10.1517/14728214.2010.515210
https://doi.org/10.1016/S0161-5890(02)00252-3
https://doi.org/10.3390/ijms19020448
https://doi.org/10.3390/ijms19020448
https://doi.org/10.1248/cpb.c19-00008
https://doi.org/10.1016/j.jep.2013.09.027
https://doi.org/10.1016/j.jep.2021.113991

European Journal of Therapeutics (2023)

Kuznetsova NN, Ke-lin H, Aisa HA (2012) Phenylethanoid
glycosides from Cistanche tubulosa. Chem Nat Compd 47:
985-987. https://doi.org/10.1007/s10600-012-0123-6

[17] Mosmann T (1983) Rapid colorimetric assay for cellular
growth and survival: Application to proliferation and
cytotoxicity assays. J Immunol Methods 65: 55-63. https:/
doi.org/10.1016/0022-1759(83)90303-4

[18] Singh NP, Mccoy MT, Tice RR, Schneider EL (1988) A
simple technique for quantitation of low levels of DNA
damage in individual cells. Exp Cell Res 175: 184-191.
https://doi.org/10.1016/0014-4827(88)90265-0

[19] Kumaravel TS, Vilhar B, Faux SP, Jha AN (2009) Comet
Assay measurements: A perspective. Cell Biol Toxicol 25:
53-64. https://doi.org/10.1007/s10565-007-9043-9

[20. Kalendar R, Lee D, Schulman AH (2014) FastPCR software
for PCR, in silico PCR, and oligonucleotide assembly
and analysis. Methods Mol Biol. 1116:271-302. https:/doi.
org/10.1007/978-1-62703-764-8 18

[21] Pfafil MW (2021). A new mathematical model for relative
quantification in real-time RT-PCR. Nucleic Asids Research
Vol. 29, No. 9. https://doi.org/10.1093/nar/29.9.e45

[22] Al-Snafi AE (2020) Bioactive metabolites and pharmacology
of Cistanche tubulosa-A review. IOSR J Pharm 10: 37-46.

[23] Wu CR, Lin HC, Su MH (2014) Reversal by aqueous
extracts of Cistanche tubulosa from behavioral deficits
in Alzheimer’s disease-like rat model: Relevance for

amyloid deposition and central neurotransmitter function.

BMC Complement Altern Med 14: 202. https:/doi.

org/10.1186/1472-6882-14-202

[24] Sheng G, Pu X, Lei L, Tu P, Li C (2002) Tubuloside B
from Cistanche salsa rescues the PCI12 neuronal cells
from 1-methyl-4-phenylpyridinium ion-induced apoptosis
and oxidative stress. Planta Med 68: 966-970. https:/doi.
org/10.1055/5-2002-35667

[25] Inoue M, Ueda M, Ogihara Y, Saracoglu I (1998) Induction
of apoptotic cell death in HL-60 cells by acteoside, a
phenylpropanoid glycoside. Biol Pharm Bull 21: 81-83.
https://doi.org/10.1248/bpb.21.81

[26] Zhou L, Feng Y, Jin Y, Liu X, Sui H, Chai N, Chen X, Liu N,
JiQ, Wang Y, Li Q (2014) Verbascoside promotes apoptosis

906

Tureyen A et al.

by regulating HIPK2-p53 signaling in human colorectal
cancer. BMC Cancer 14: 747. https:/doi.org/10.1186/1471-
2407-14-747

[27] Dong L, Wang H, Niu J, Zou M, Wu N, Yu D, Wang Y, Zou
Z (2015a) Echinacoside induces apoptotic cancer cell death
by inhibiting the nucleotide pool sanitizing enzyme MTHI.
OncoTargets Ther 8: 3649-3664.

[28] Dong L, Yu D, Wu N, Wang H, Niu J, Wang Y, Zou
Z (2015b). Echinacoside induces apoptosis in human
SW480 colorectal cancer cells by induction of oxidative
DNA damages. Int J Mol Sci 16: 14655-14668. https:/doi.
0rg/10.3390/ijms160714655

[29] Jeon E, Chung KS, An HJ (2016) Anti-proliferation effects
of Cistanches salsa on the progression of benign prostatic
hyperplasia. Can J Physiol Pharmacol 94: 104-111. https:/
doi.org/10.1139/cjpp-2015-0112

[30] Qi X, Hou X, Su D, He Z, Zhao J, Liu T (2022) Effect of
PhenylEthanol Glycosides from Cistanche Tubulosa on
Autophagy and Apoptosis in H22 Tumor-Bearing Mice.
Evid Based Complement Alternat Med 2022: 2022. https:/
doi.org/10.1155/2022/3993445

[31] Yuan P, Fu C, Yang Y, Adila A, Zhou F, Wei X, Wang W, Lv
JLiY, XiaL, LiJ(2021) Cistanche tubulosa phenylethanoid
glycosides induce apoptosis of hepatocellular carcinoma
cells by mitochondria-dependent and MAPK pathways
and enhance antitumor effect through combination with
cisplatin. Integr Cancer Ther 20: 15347354211013085.
https://doi.org/10.1177/15347354211013085

[32] Fu C, LiJ, Aipire A, Xia L, Yang Y, Chen Q, Lv J, Wang X,
Li J (2019) Cistanche tubulosa phenylethanoid glycosides
induce apoptosis in Eca 109 cells via the mitochondria
dependent pathway. Oncol Lett 17: 303-313.

[33] Xia B, Wang J (2019) Effects of adenosine on apoptosis of
ovarian cancer A2780 cells via ROS and caspase pathways.
Onco Targets Ther 12: 9473-9480. https:/doi.org/10.2147/
OTT.S216620

How to Cite;

Tureyen A, Navruz Zembheri F, Gunay S, Erden Y, Ince S
(2023) Tubuloside A Induces DNA Damage and Apoptosis in
Human Ovarian Cancer A2780 Cells. Eur J Ther. 29(4):900-

906. https://doi.org/10.58600/eurjther1951



https://doi.org/10.1007/s10600-012-0123-6
https://doi.org/10.1016/0022-1759(83)90303-4
https://doi.org/10.1016/0022-1759(83)90303-4
https://doi.org/10.1016/0014-4827(88)90265-0
https://doi.org/10.1007/s10565-007-9043-9
https://doi.org/10.1007/978-1-62703-764-8_18
https://doi.org/10.1007/978-1-62703-764-8_18
https://doi.org/10.1093/nar/29.9.e45
https://doi.org/10.1186/1472-6882-14-202
https://doi.org/10.1186/1472-6882-14-202
https://doi.org/10.1055/s-2002-35667
https://doi.org/10.1055/s-2002-35667
https://doi.org/10.1248/bpb.21.81
https://doi.org/10.1186/1471-2407-14-747
https://doi.org/10.1186/1471-2407-14-747
https://doi.org/10.3390/ijms160714655
https://doi.org/10.3390/ijms160714655
https://doi.org/10.1139/cjpp-2015-0112
https://doi.org/10.1139/cjpp-2015-0112
https://doi.org/10.1155/2022/3993445
https://doi.org/10.1155/2022/3993445
https://doi.org/10.1177/15347354211013085
https://doi.org/10.2147/OTT.S216620
https://doi.org/10.2147/OTT.S216620
https://doi.org/10.58600/eurjther1951

	How to Cite; 
	REFERENCES
	CONCLUSIONS
	DISCUSSION
	RESULTS
	Figure 1.
	Figure 2. 
	Figure 3.
	Figure 4. 

	MATERIALS AND METHODS 
	Main Points;
	INTRODUCTION 

