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Chapter

In Vitro Cytotoxic and Apoptosis
Induction Potential of Two Plant
Extracts on HeLa Cells

Ozlem Dagdeviven Ozséylemez and Giil Ozcan

Abstract

Natural products are commonly used for developing anticancer drugs that are
beneficial for various cancer types. The aim of this study is to apply Colchicum
umbrosum Steven and Colchicum baytopiorum CD Brickell (one of the endemic species
in Turkey) extracts on HeLa cell lines and determine changes in cytotoxicity and
viability. For this aim, kinetic parameters such as proliferation rate have been determined
by MTT assay, and apoptotic index (AI) has been researched by fluorescence micros-
copies using DAPI staining. Also, some apoptosis-related genes have been examined
by the RT-PCR method. Five different concentrations of both extracts from the two
Colchicum species have cytotoxic effects and it has been understood that HeLa cells
were more sensitive to the most effective concentration of the C. baytopiorum extract,
which is 0.1 mg/ml, and it showed antitumor effects by causing apoptosis for 48 h.
The cytotoxic activity and apoptotic effects of Colchicum umbrosum Steven and
Colchicum baytopiorum (Colchicaceae/Liliaceae) have been studied for the first time
on HeLa cell lines. We suggested that the medicines derived from natural products
seem to be a new promising treatment for cancer.

Keywords: apoptosis, Bcl-2 gene family, cancer, Colchicum baytopiorum,
Colchicum umbrosum, HeLa cells

1. Introduction

Cancer is a disease characterized by constant clonal proliferation of the somatic
cells due to which the homeostatic feedback mechanism gets out of control through
genetic and epigenetic alterations and kills by invading normal tissues [1-4]. Natural
products extracted from plants, microbes, and other marine organisms have second-
ary or non-essential metabolism. Natural products have gained importance in novel
anticancer agents’ discovery and investigation of more effective drugs [5, 6]. Colchicine,
which is obtained from plants of the genus Colchicum belonging to Liliaceae
(Colchicaceae) family, is one of the natural product. Colchicine is an anti-neoplastic
drug used in cancer therapy as a mitotic inhibitor [7].

Apoptosis plays a critical role in the elimination of damaged or undesirable
cells and the development and maintenance of homeostasis. Disturbances in these
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processes cause various diseases ranging from cancer and autoimmune disorders to
ischemic injuries and neurodegenerative diseases [8-14].

Apoptosis is encouraged by cell signaling, lack of growth factors, the release
of granzyme, specific receptor-ligand interactions, and various stress factors
(chemotherapy, radiation, etc.). Then, the cell death process is initiated. Some of
the original proteins play a role in this process. As a consequence thereof, signals
are transferred to the execution mechanism with the help of adaptor proteins and
are regulated the mitochondrial permeability by bcl-2 family proteins. An increase
in permeability of the outer mitochondrial membrane is caused by the release of
cytochrome c. Cytochrome c is connected to apoptosis protease activation factor
(Apaf-1) in the cytosol. Apaf-1 binds to the pro-caspase-9 molecule by oligomeriza-
tion in the presence of adenosine triphosphate (ATP) and constitutes apoptosome.
The activated caspase-9 plays a role in the activation of caspase-3 and caspase-7.
Nevertheless, the bcl-2 in the mitochondrial membrane prevents activation of
caspases by preventing the increase of mitochondrial permeability and making
stable Apaf-1 and so on proteins. Thus, apoptosis does not occur. bel-xL, which is a
member of the bcl-2 family, and bcl-2 play the anti-apoptotic role. bax, bad, and bak
are triggered by apoptosis [15-22].

In recent years, investigating the molecular mechanisms of apoptosis by using
agents has become extremely important in cancer treatment [23-26]. Our study
is aimed to investigate the cytotoxic effects of different concentrations of two
extracts that belong to the genus Colchicum, one of them is endemic in Turkey
(Colchicum umbrosum Steven (S.) and Colchicum baytopiorum CD Brickell (CD)
is an endemic species in Turkey [27, 28], on HeLa cells and also show the mol-
ecules that play a role in the regulation of molecular mechanisms of the resultant
apoptosis.

2. Materials and methods

2.1 Cell line and culture conditions

Human cervical cancer cell line (HeLa) cells were obtained from American
Type Culture Collection, HeLa (CCL-2). The cells were cultured in a 25-cm” flask
following Minimum Essential Medium (Sigma, MEM) containing 10% FBS (Gibco
Lab.), penicillin (100 unit/ml), and streptomycin (50 mg/ml). The cells were
incubated at 37°C in a humidified %5 CO2 incubator [29].

2.2 Plant material and extraction

Corms of Colchicum baytopiorum (ISTE: 81438, Antalya-Termessos, July 5, 2005)
and Colchicum umbrosum (ISTE: 85333, Bolu-Abant, June 25, 2008) were dried. All
dried plant materials were extracted with methanol. Methanol extracts were evapo-
rated in a rotavapor. Plant extracts were prepared in five different concentrations
(0.01 mg/ml, 0.05 mg/ml, 0.1 mg/ml, 0.5 mg/ml, 1 mg/ml) in MEM, supplemented
with %10 FBS. Prepared concentrations were treated to HeLa cells in time period of
24, 48, and 72 h [30, 31].
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2.3 Assays for in vitro cytotoxicity

Cytotoxic effects of plant extracts were measured by using the MTT (3-[4, 5-dimeth-
ylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide; Sigma) assay. Cells were seeded onto
a 96 well plate (30,000 cells/well), allowed to attach overnight, and then exposed to five
different concentrations of plant extracts for 24, 48, and 72 h. MTT solution dissolved in
PBS (40 pl/well) was added. Cells were incubated at 37°C for 4 h. Formazan crystals were
dissolved in 160 pl DMSO (dimethyl sulfoxide) at 37°C for 1 h. The plate was read on
ELISA reader at 570 nm reference of 690 nm (pQuant, Bio-tek) [32].

2.4 Apoptotic Index

Apoptotic cells showed characteristic fragmented nuclei, whereas survivors showed
an intact nuclear morphology. These cells were fixed with cold methanol. The cells were
counterstained with 4’, 6-diamidino-2-phenylindole (DAPI) nuclear staining mount-
ing solution for the determination of the apoptotic index (AI) [33]. Then, the slides
were washed in phosphate-buffered saline (PBS). The Al was calculated by scoring the
percentage of apoptotic cells in control and the extract treatment (0.1 mg/ml) group of
1000 cells and at least 30 areas/each slide under the fluorescence microscope [34].

2.5 Phase-contrast microscopies

After the treatment with C. baytopiorum extract (0.1mg/ml), the morphologi-
cal changes in HeLa cells were examined after 24, 48, and 72 h under phase contrast
microscopies (x200).

2.6 Light microscopies

The morphological changes that occurred in HeLa cells were examined with
Giemsa stain and Feulgen method under a light microscope (x1000) after 24, 48,
and 72 h [35].

2.7 The isolation of total RNA

Total RNA was isolated from cells in the control and the extract treatment
(0.1 mg/ml) group, for 48 h by using a total RNA isolation kit (Invitrogen PureLink
Micro-to-Midi Total RNA Isolation Kit, Cat. No: 12183-180). For the determination
of the amount of isolated total RNA (diluted 1: 200), spectrophotometer (Cintra 20, GBC)
was used at 260 nm [36].

2.8 Reverse transcriptase (RT)-PCR

A total of 21 pl RNase-free water was put in each PCR tube. In this mix, 25 ul of
the 2x Reaction mix (0.4 mM MSO, of each deoxynucleoside triphosphate) and 21 of
RT/Platinum ™ Taq Max were added. Then, 11 of bcl-x, bik, mcl-1, bfl-1, and B-actin
(Takara BCL-2 familly, Cat no.6623) and 11 of total RNA of each experimental group
was added to the tube for one-step RT-PCR (The Super Script™ One-Step RT-PCR Kit
Invitrogen, Cat no. 10928-042).
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Reverse transcription and amplification were performed in TC412 Techne. The
RT-PCR profile used was as follows: a reverse transcription stage at 55°C for 30 min,
followed by an initial denaturation stage at 94°C for 2 min. This was then followed by
40 amplification cycles at 94°C for 15 s, at 60°C for 30 s, and at 68°C for 1 min, and
a final extension step at 68°C for 5 min. The resulting PCR products were visualized
by electrophoresis through 1.8% agarose gel containing ethidium bromide and then
visualized under UV light [37].

2.9 Statistical analysis

Apoptotic index and cytotoxicity were analyzed by one-way ANOVA, followed by
Dunnett’s test for separate comparisons with the control group and the T-test for separate
comparisons with each of the groups. Differences were considered significant at p < 0.05
(GraphPad Prism version 4.00, GraphPad Software, San Diego California USA).

3. Results

In our study, the cytotoxicity of all extracts was determined by MTT assay.
Accordingly Cytotoxicity calculation method, it has been determined that the cytotox-
icity and % vitality (calculated by assuming the control group as 100%) in HeLa cells,
treated with the extracts from two species of Colchicum plant, are being increased in
concentration compared to the control group (p < 0.05). Different concentrations of
both extracts from the two Colchicum species have cytotoxic effects (p < 0.05) and
HeLa cells are more sensitive to the species of C. baytopiorum. The meaningful cytotoxic
effect of the 0.001 mg/ml concentration extracted from C. umbrosum has been occurred
in only 72 h, compared to the control group (p < 0.01) (Figures1and 2).

Determined viability% values of HeLa cells treated with C. baytopiorum are
respectively 70% for B1, 74% for B2, 58% for B3, 75% for B4, 77% for B5 in 24 h; 28%
for B1, 23% for B2, 20% for B3, 26% for B4, 20% for B5 in 48 h; 15% for B1, 19% for
B2, 27% for B3, 17% for B4, 14% for B5 in 72 h. Vitality % values of HeLa cells treated
with C. umbrosum are respectively 101% for U1, 70% for U2, 82% for U3, 52% for U4,
77% for U5 in 24 h; 99% for U1, 28% for U2, 19% for U3, 33% for U4, 21% for U5 in
48 h; 63% for U1, 20% for U2, 21% for U3, 20% for U4, 23% for U5 in 72 h.

Apoptotic index is determined by fluorescence microscopy using DAPI staining
(Figure 3). DAPI staining was also conducted to show the apoptosis of HeLa cells. The
Al was calculated as follows:

B1B2B3IB4B5U1U2U3 U4 US C B1 8283 B4 B5UIV2U3U4US B1B2BIB4BSUTU2U3 U4 US
Concentration (mg/mi) Concentration (mg/ml) Concentration (mg/ml)
24 hours 48 howrs 72 hours

Figure 1.
MTT vesults of HeLa cells treated with C. baytopiorum and C. umbrosum (B1 and Ux: 0.001, B2 and U2: 0.05, B3 and
U3: 0.1, B4 and U4: 0.5, Bs and Us: 1 mg/ml) for 24, 48, and 72 h. *p < 0.05, **p < 0.01 (in comparison to control).
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Figure 2.
Viability % values of HeLa cells treated with C. baytopiorum and C. umbrosum (1: 0.001, 2: 0.05, 3: 0.1, 4: 0.5, 5:
1 mg/ml) for 24, 48, and 72 h.

Figure 3.
Phase-contrast microscopy of control and B3 (0.1 mg/ml) concentration of the C. baytopiorum extract treatments
groups on HeLa cells for 24, 48, and 72 h (x200).

Al = (number of apoptotic cells/total number counted) x 100%.

Apoptotic index values of HeLa cells treated with C. baytopiorum and C. umbro-
sum for 24, 48, and 72 h are shown in Figure 4. Al values were determined as 2.3%
for control group, 18.3% for B1, 16.4% for B2, 12.37% for B3, 25.12% for B4, 18.02%
for B5 in the application of the C. baytopiorum extract; 8.66% for Ul, 6.78% for U2,
14.49% for U3, 15.88% for U4, 18.91% for U5 in the application of the C. umbrosum
extractin 24 h.

B1B2B3 B4 B5U1U2U3U4US
Concentration (mg/ml) Concentration (mg/mi) Concentration (mg/ml)
24 hours 48 hours ¢ 72 hours

CB1B28B3B48B5UIU2UIV4US

Figure 4.

Determined apoptotic index (Al) values of HeLa cells treated with C. baytopiorum and C. umbrosum (B1 and
Uz: 0.001, B2 and U2: 0.05, B3 and U3: 0.1, B4 and U4: 0.5, Bs and Us: 1 mg/ml) for 24, 48, and 72 h. **p < 0.01
(in comparison to control).
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In our experiments, in 24 h, it was determined significant cytotoxic effect accord-
ing to the control (p < 0.01) in the experimental groups B1, B2, B4 and B5 applied
the extract of C. baytopiorum and the experimental groups U3, U4 and U5 applied
C. umbrosum extract.

Al values were determined as 2.84% for control group, 10.67% for B1, 35.91% for
B2, 38.38% for B3, 22.04% for B4, 22.03% for B5 in the application of the C. baytopio-
rum extract; 8.9% for U1, 22.05% for U2, 30.19% for U3, 16.01% for U4, 23.58% for
U5 in the application of the C. umbrosum extract in 48 h.

In our experiments in B2, B3, B4, and B5 experimental groups applied C.
baytopiorum extract and U2, U3, U5 experimental groups applied C. umbrosum

Figures.
Fluovescence microscopy of control and B3 (0.1 mg/ml) concentration of the C. baytopiorum extract treatments
groups on HeLa cells for 24, 48, and 72 h (x1000; DAPI) (=¥ : non-apoptotic cell, ==»: apoptotic cell).
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Figure 6.
Light microscopy of control and B3 (0.1 mg/ml) concentration of the C. baytopiorum extract treatments groups on
HeLa cells for 24, 48, and 72 h (x1000; Giemsa) (= : non-apoptotic cell, =—»: apoptotic cell).
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extract were determined to have a significant cytotoxic effect according to control
(p<0.01) in 48 h.

Al values were determined as 2.92% for control group, 7.89% for B1, 11.19% for B2,
11.76% for B3, 14.72% for B4, 10.5% for B5 in the application of the C. baytopiorum

[ Q. : & ¥

Figure7.
Light microscopy of control and B3 (0.1 mg/ml) concentration of the C. baytopiorum extract treatments groups on
HeLa cells for 24, 48, and 72 h (x1000; Feulgen) (—: non-apoptotic cell, =>: apoptotic cell).

P-akun

Figure 8.

RT-PCR analysis of bcl-2 members of control and B3 (0.1 mg/ml) concentration of the C. baytopiorum extract
treatments groups on HeLa cells for 48 h (M: 1.5 kb marker, C: control, B3: 0.1 mg/ml).
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extract; 2.82% for U1, 7.91% for U2, 15.22% for U3, 16.23% for U4, 11% for U5 in the
application of the C. umbrosum extractin72 h.

In our experiments, in 72 h, it was determined significant cytotoxic effect accord-
ing to the control (p < 0.01) in the experimental groups B1, B2, B4 and B5 applied
the extract of C. baytopiorum and the experimental groups U3, U4 and U5 applied
C. umbrosum extract.

The methanol extract of C. baytopiorum has been treated with the most effective
concentration of 0.1 mg/ml in 48 h experiment group (after the evaluation of cyto-
toxicity and Al value).

The morphological changes belonging to apoptosis such as blebbing of membrane
and apoptotic body including cell organelles and chromatin parts [32, 33] have been
shown through phase-contrast, fluorescence, and light microscopies (Figures 3 and 5-7).

To determine the apoptosis at the molecular level, the expression rates of the genes
of the bax, bak, bik, mcl-1, bfl-1, bcl2, and bcl-x, which are members of the bcl-2 gene
family, have been searched through the RT-PCR method. In the 48 h experimental
group of HeLa cells which were treated with the concentration of 0.1 mg/ml of
C. baytopiorum extract, an increase in the expression of the mcl-1 and bcl-x genes by
compared to the control group was observed, and an increase of the expression of
bax, bak, bik and bfl-1 genes was also determined . In contrast, any expression was
observed in the bcl-2 gene (Figure 8).

4. Discussion

Some studies reported that crude extracts of natural products containing a
variety of molecules that exhibit antitumoral activity are highly effective in cancer
cell death [38-40].

However, some reports suggested that natural product mixtures often claim that
they are more effective than purified compounds due to synergistic, additive, or
antagonistic interactions [41]. Also, different species of the same genus may have
different concentrations of the same compounds [42].

In our study, cytotoxicity of all extracts was determined by MTT assay.
Accordingly, it has been determined that the cytotoxicity and % vitality (calculated
by assuming the control group as 100%) in HeLa cells, treated with the extracts from
two species of Colchicum plant, are being increased in concentration compared to
the control group (p < 0.05). Different concentrations of both extracts from the two
Colchicum species have cytotoxic effects (p < 0.05) and HeLa cells are more sensitive
to the species of C. baytopiorum. The meaningful cytotoxic effect of the 0.001 mg/ml
concentration extracted from C. umbrosum has been occurred in only 72 h, compared
to the control group (p < 0.01) (Figures1and 2).

Determined viability % values of HeLa cells treated with C. baytopiorum are,
respectively, 70% for B1, 74% for B2, 58% for B3, 75% for B4, 77% for B5 in 24 h; 28%
for B1, 23% for B2, 20% for B3, 26% for B4, 20% for B5 in 48 h; and 15% for B1, 19%
for B2, 27% for B3, 17% for B4, 14% for B5 in 72 h. Vitality % values of HeLa cells
treated with C. umbrosum are, respectively, 101% for U1, 70% for U2, 82% for U3, 52%
for U4, 77% for U5 in 24 h; 99% for U1, 28% for U2, 19% for U3, 33% for U4, 21% for
U5 in 48 h; and 63% for U1, 20% for U2, 21% for U3, 20% for U4, 23% for U5 in 72 h.

Several compounds derived from natural products, such as Genistein, Puerarin,
Formononetin, Cyanidin 3-O-glucoside, Epigallocatechin gallate, Quercetin,
Kaempferol, Hesperidin, Naringin, Apigenin 7-glucoside, Wogonin, Eugenol,
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Anthocyanins, Curcumin, Emodin, Epifriedelanol, Mitomycin C, and Piperine,
induce apoptosis in cervical cancers [6, 43]. Activation of apoptosis is used as an
anticancer mechanism in cancer therapy research [6].

The determination of the Al is the method that helps to predict and diagnose
patients by considering the tumor, its stage, the course of the disease, its consequences,
the patient’s strength of resistance, and the possibilities of helping the patient [44].

Al has been determined by DAPI respectively the fluorescence microscopies
(Figure 3). DAPI staining was also conducted to show the apoptosis of HeLa cells. Al
was calculated as follows (Table 1):

Al = (number of apoptotic cells/Total number counted) x 100%

Table 1.
Al calculation formula.

Al values of HeLa cells treated with C. baytopiorum and C. umbrosum for 24, 48,
and 72 h are shown in Figure 4. Al values were determined as 2.3% for control group,
18.3% for B1, 16.4% for B2, 12.37% for B3, 25.12% for B4, 18.02% for B5 in the applica-
tion of the C. baytopiorum extract; 8.66% for U1, 6.78% for U2, 14.49% for U3, 15.88%
for U4, 18.91% for U5 in the application of the C. umbrosum extract in 24 h.

Bungu et al. [23] applied the prepared extracts from the leaves and bulbs of
Tulbaghia violacea on HeLa, HT29, MCF-7, and WHCO3 cells. After 24 h, a signifi-
cant number of apoptotic cells were detected. If after 48 h, a further increase in the
number of apoptotic cells was observed. The results of our study are consistent with
this and other similar studies.

In our experiments, in 24 h, it was determined significant cytotoxic effect according to
the control (p < 0.01) in the experimental groups B1, B2, B4 and B5 applied the extract of
C. baytopiorum and the experimental groups U3, U4 and U5 applied C. umbrosum extract.

Al values were determined as 2.84% for control group, 10.67% for B1, 35.91% for
B2, 38.38% for B3, 22.04% for B4, 22.03% for B5 in the application of the C. baytopio-
rum extract; 8.9% for U1, 22.05% for U2, 30.19% for U3, 16.01% for U4, 23.58% for
U5 in the application of the C. umbrosum extract in 48 h.

In our experiments, in 48 h, it was determined significant cytotoxic effect according to
the control (p < 0.01) in the experimental groups B1, B2, B4 and B5 applied the extract of
C. baytopiorum and the experimental groups U3, U4 and U5 applied C. umbrosum extract.

Al values were determined as 2.92% for control group, 7.89% for B1, 11.19% for B2,
11.76% for B3, 14.72% for B4, and 10.5% for B5 in the application of the C. baytopio-
rum extract; 2.82% for U1, 7.91% for U2, 15.22% for U3, 16.23% for U4, and 11% for
U5 in the application of the C. umbrosum extractin 72 h.

In our experiments in B2, B3, B4, and B5 experimental groups applied C. baytopiorum
extract and the U3, U4, and U5 experimental groups applied C. umbrosum extract was
determined to have a significant cytotoxic effect according to control (p < 0.01) in72 h.

The methanol extract of C. baytopiorum has been treated with the most effective
concentration of 0.1 mg/ml in 48 h experiment group (after the evaluation of cyto-
toxicity and Al value).

The morphological changes belonging to the apoptosis such as blebbing of
membrane and apoptotic body including cell organelles and chromatin parts
[26, 45, 46] have been shown through phase-contrast, fluorescence, and light
microscopies (Figures 3 and 5-7).

Most studies on apoptosis of plant extracts were confirmed by mechanisms such
as caspase and bcl-2 gene family [6]. A study showed that Dendrobium chrysanthum
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ethanol extracts induct apoptosis by upregulated Bax, and p53 and downregulated
Bcl-2 in HeLa cell lines at the density of 450 pg/ml for 24 h [47]. Another study
reported that 0-100 pmol/L Wogonin induces apoptosis via elevating the Bax/Bcl-2
expression ratio, activating Caspase 3 and 9 in SiHa and CaSki cells [48].

To determine the apoptosis at the molecular level, the expression rates of the genes
of the bax, bak, bik, mcl-1, bfl-1, bcl2, and bcl-x, which are members of the bcl-2 gene
family, have been searched through the RT-PCR method. In the 48 h experiment
group of the HeLa cells that were treated with the 0.1 mg/ml concentration of the
C. baytopiorum extract, an increase has seen in expressions of mcl-1 and bcl-x genes
compared to the control group, and some increase has been determined in the bax,
bak, bik, and bfl-1 genes expressions. On the other hand, no expression was observed
in bcl-2 gene (Figure 8).

Acknowledgements

This work was supported by the Research Fund of The University of Istanbul,
Project no: 3495. The authors of this manuscript are grateful to Prof. Dr. Nurhayat
Siitliipinar and Dr. Sevda Pirildar for providing the facilities to prepare the plant
extraction.

Conflict of interest

The authors declare no conflict of interest.

Author details
Ozlem Dagdeviren Ozsoylemez™ and Giil Ozcan®

1 Institute of Gratuate Studies in Science and Engineering, Radiobiology Programme,
Istanbul University, Istanbul, Turkey

2 Faculty of Science, Department of Biology, Istanbul University, Istanbul, Turkey
*Address all correspondence to: o_dagdeviren@hotmail.com

IntechOpen

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

10



In Vitro Cytotoxic and Apoptosis Induction Potential of Two Plant Extracts on HeLa Cells

DOI: http://dx.doi.org/10.5772/intechopen.105696

References

[1] Evan GI, Vousden KH. Proliferation,

cell cycle and apoptosis in cancer. Nature.

2001;411:342-347

[2] Mitchell RN, Kumar V. In: Cevikbag U,
editor. Robbins Basic Pathology. Istanbul:
Nobel Medicine Press; 2003. pp. 166-210

[3] Sitorus RS, Gumay S, Valk P. In:
Diederich M, editor. Natural Compounds
and Their Role in Apoptotic Cell
Signaling Pathways. New York: Annals of

the New York Akademi of Sciences; 2009.

pp. 77-86

[4] Ghiraldini FG, Filipescu D,

Bernstein E. Solid tumours hijack the
histone variant network. Natural Review
Cancer. 2021;21(4):257-275

[5] Dasari S, Njiki S, Mbemi A,
Yedjou CG, Tchounwou PB.
Pharmacological effects of cisplatin
combination with natural products in
cancer chemotherapy. International

Journal of Molecular Science.
2022;23:1532

[6] Park SH, Kim M, Lee S, Jung W,

Kim B. Therapeutic potential of natural
products in treatment of cervical cancer:
A review. Nutrients. 2021;13:154

[7] Hadfield JA, Ducki S, Hirst N, et al.
Tubulin and microtubules as targets for

anticancer drugs. Progress in Cell Cycle
Research. 2003;5:309-325

[8] Cohen GM. Caspases: The
executioners of apoptosis. Biochemical
Journal. 1997;326:1-16

[9] Chang HY, Yang X. Proteases
for cell suicide: Functions and
regulation of caspases. Microbiology

and Molecular Biology Reviews.
2000;64(4):821-826

11

[10] Ozdren N, El-Deiry WS. In: DNA
Alterations in Cancer: Genetic and
Epigenetic Changes, Ehrlic M (Ed).
Natick MA: Eaton Publishing; 2000.
pp. 13-43

[11] Collazo C, Chacén O, Borras O.
Programmed cell death in plants

resembles apoptosis of animals.
Biotecnologia Aplicada. 2006;23(1):1-10

[12] Shimazu T, Degenhardt K, Nur-
E-Kamal A, et al. NBK/BIK antagonizes
MCL-1 and BCL-XL and activates
BAK-mediated apoptosis in response to
protein synthesis inhibition. Genes and
Development. 2007;21:929-941

[13] Sankari SL, Masthan KMK,

Babu NA, et al. Apoptosis in cancer—An
update. Asian Pacific Journal of Cancer
Prevention. 2012;13(10):4873-4878

[14] Kalkan H. In: TutarY, editor.
Regulation and Dysfunction of
Apoptosis. London, United Kingdom:
IntechOpen; 2021. pp. 1-25

[15] ShiY. In: Yin XM, Dong Z, editors.
Essential of Apoptosis: A Guide for Basic
and Clinical Research. Totowa, New
Jersey: Humana Press Inc.; 2003. pp. 47-65

[16] Yin XM, Ding WX, Zhao Y. In:

Yin XM, Dong Z, editors. Essential of
Apoptosis: A Guide for Basic and Clinical
Research. Totowa, New Jersey: Humana
Press Inc.; 2003. pp. 13-14

[17] Krakstad C, Chekenya M. Survival
signalling and apoptosis resistance
in glioblastomas: Opportunities for

targeted therapeutics. Molecular Cancer.
2010;9:135

[18] Galluzzi L, Vitale I, Abrams JM,
et al. Molecular definitions of cell



Cytotoxicity

death subroutines: Recommendations

of the nomenclature committee on cell
death. Cell Death and Differentiation.

2012;2011:1-14

[19] Raemy E, Martinou JC. Involvement
of cardiolipin in tBID-induced activation
of BAX during apoptosis. Chemistry and
Physics of Lipids. 2014;179:70-74

[20] Czabotar PE, Lessene G, Strasser A,
et al. Control of apoptosis by the BCL-2
protein family: Implications for
physiology and therapy. Molecular Cell
Biology. 2014;15:49-63

[21] Sulistina DR, Ratnawati R, Arsana
Wiyasa IW. Rhodamine B increases
hypothalamic cell apoptosis and
disrupts hormonal balance in rats.

Asian Pac Journal of Reproduction.
2014;3(3):180-183

[22] Lalier L, Vallette F, Manon S. Bcl-2
family members and the mitochondrial
import machineries: The roads to death.
Biomolecules. 2022;12:162

[23] Bungu L, Frost CL, Brauns SC, et al.
Tulbaghia violacea inhibits growth
and induces apoptosis in cancer cells in

vitro. African Journal of Biotechnology.
2006;5(20):1936-1943

[24] Karagoz A, Turgut Kara N,

Gakar O, et al. Cytotoxic activity of crude
extracts from Astragalus chrysochlorus
(Leguminosae). Biotechnology

and Biotechnoogy Equipment.
2007;21(2):220-222

[25] Song HY, Deng XH, Yuan GY,

et al. Expression of bcl-2 and p 53 in
induction of esophageal cancer cell
apoptosis by ECRG2 in combination with
cisplatin. Asian Pacific Journal of Cancer
Prevention. 2014;15(3):1397-1401

[26] Chainumnim S, Saenkham A,
Dolsophon K, Chainok K, Suksamrarn S,

12

Tanechpongtamb W. Stem Extract from
Momordica cochinchinensis Induces
Apoptosis in Chemoresistant Human
Prostate Cancer Cells (PC-3). Molecules.
2022;27:1313

[27] Brickell CD. In: Davis PH, editor.
Flora of Turkey and the East Aegean

Islands. Vol. 8. Edinburgh: University
Press; 1984. pp. 329-351

[28] Persson K. In: Gliner A, Ozhatay N,
Ekim T, Bager KHC, editors. Flora of
Turkey and the East Aegean Islands. Vol.
11. Edinburgh: University Press; 2000.
pPp. 246-265

[29] Freshney RI. In: Freshney RI, editor.
Culture of Animal Cells: A Manual of
Basic Technique. New York: Wiley-Liss;
2000. pp. 177-194

[30] Pirildar S, Siitliipinar N,

Atasever B, et al. Chemical constituents
of the different parts of Colchicum
baytopiorum and their cytotoxic
activities on K562 and HL60 cell

lines. Pharmaceutical Biology.
2010;48(1):32-39

[31] Ozcan Arican FG, Cakir O, AricanE,
et al. Effects of Geven root extract on
proliferation of HeLa cells and Bcl-2
gene expressions. African Journal of
Biotechnology. 2012;11:4296-4304

[32] Kurashige S, AkuzawaY,

Endo F. Effects of astragali radix extract
on carcinogenesis, cytokine production,
and cytotoxicity in mice treated

with a carcinogen, N-butyl-N’-
butanolnitrosoamine. Cancer
Investment. 1999;17:30-35

[33] Khalilia W. The Effect of Gamma
Radiation on Molecular Mechanisms
of Apoptosis on Cell Culture. [stanbul:
Istanbul University; 2015

[34] Ozcan Arican G, Khalilia W, Serbes U,
et al. The effect of hypobaric conditions



In Vitro Cytotoxic and Apoptosis Induction Potential of Two Plant Extracts on HeLa Cells

DOI: http://dx.doi.org/10.5772/intechopen.105696

on the apoptosis signalling pathways
in HeLa cells. Asian Pacific Journal of
Cancer Prevention. 2014;15:20-28

[35] Dagdeviren Ozsoylemez O, Ozcan G.
Effects of Colchicum baytopiorum leaf
extract on cytotoxicity and cell death
pathways in C-4 I and Vero cell lines.
JBUON. 2021;26(3):1135-1147

[36] Serbes U, Dagdeviren Ozséylemez 0,
Ozcan G. evaluation of paclitaxel effects
in the pattern of expression of survival
and apoptotic genes regulators in

HeLa cells. Current Pharmaceutical
Biotechnology. 2016;17:1058-1067

[37] Benito A, Silva M, Grillot D,

et al. Apoptosis induced by erythroid
differentiation of human leukemia cell
lines is inhibitied by bcl-xL. Blood.
1996;87(9):3837-3843

[38] Patel K, Patel DK. Medicinal
importance, pharmacological activities,
and analytical aspects of hispidulin:

A concise report. Journal of Trade
Complete Medicine. 2016;7:360-366

[39] Chicca A, Tebano M, Adinolfi B,
Ertugrul K, Flamini G, Nieri P. Anti-
proliferative activity of aguerin B and a
new rare nor-guaianolide lactone isolated
from the aerial parts of Centaurea

deflexa. European Journal of Medical and
Chemistry. 2011;46:3066-3070

[40] Forgo P, Zupko I, Molnar J, Vasas A,
Dombi G, Hohmann J. Bioactivity-guided
isolation of antiproliferative compounds

from Centaurea jacea L. Fitoterapia.
2012;83:921-925

[41] Caesar LK, Cech NB. Synergy and
antagonism in natural product extracts:
When1 + 1 does not equal 2. Nature
Product Reports. 2019;36:869-888

[42] Salla M, Fakhoury I, Saliba N,
Darwiche N, Gali Muhtasib H.

13

Synergistic anticancer activi-ties of the
plant-derived sesquiterpene lactokines
salograviolide A andiso-seco-
tanapartholide. Journal of Natural
Medicine. 2013;67:468-479

[43] He M, Xia L, Li]J. Potential
mechanisms of plant-derived natural
products in the treatment of cervical
cancer. Biomolecules. 2021;11:1539

[44] Tanaka F, Kawano Y, Li M, et al.
Prognostic significance of apoptotic
index in completely resected non-small-

cell lung cancer. Journal of Clinical
Oncology. 1999;17:2728-2736

[45] SuM, MeiY, Sinha S. Role of the
crosstalk between autophagy and
apoptosis in cancer. Journal of Oncology.
2013; Article ID 102735

[46] Marifno G, Niso-Santano M,
Baehrecke EH, et al. Self-consumption:
The interplay of autophagy and
apoptosis. Molecular Cell Biology.
2014;15:81-94

[47] Prasad R, Rana NK, Koch B.
Dendrobium chrysanthum ethanolic
extract induces apoptosis via p 53
up-regulation in HeLa cells and inhibits
tumor progression in mice. Journal

of Complementary and Integrative
Medicine. 2017;14:14

[48] Kim MS, BakY, Park YS, Lee DH,
Kim JH, Kang JW, et al. Wogonin induces
apoptosis by suppressing E6 and E7
expressions and activating intrinsic
signaling pathways in HPV-16 cervical
cancer cells. Cell Biological Toxicology.
2013;29:259-272



