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Abstract

Aim: The anticancer effect of any Erica L. genus member has not yet been investigated.
Hence, this study investigated the anticancer effect of Erica arborea, a high-level flavanone
producer, in mouse breast cancer 67NR and 4T1 cells.

Materials and Methods: Healthy mouse fibroblast 1929, mouse primary breast can-
cer 67NR and mouse metastatic breast cancer 4T1 cells were treated with Erica arborea
methanol and ethanol extracts to investigate the cellular toxicity, apoptosis, gene expres-
sion level and oxidative stress effect on cells.

Results: According to our data, the methanol and ethanol extracts of Erica arborea
caused apoptosis and G2/M cell cycle arrest. Also, the methanol and ethanol extracts of
Erica arborea enhanced the level of reactive oxygen species (ROS), especially higher levels
in mouse breast cancer 67NR and 4T1 cells, according to the healthy mouse fibroblast
1929 cells. The treatment of the cells with Erica arborea extracts causes up-regulation of
the pro-apoptotic Caspase-3, Caspase-9, Bax, and Bak genes and down-regulation of the
anti-apoptotic Bcl-2 and Bcel-xLL genes. Moreover, treatment with Erica arborea extract
up-regulated the expression levels of cyclin-dependent kinase (CDK) inhibitor P21 and
P27 genes while down-regulating the expression levels of cyclin B1 and cyclin A genes in
cells. However, the mRNA expression level changes of these genes are significantly higher
in breast cancer 67NR and 4T1 cells, according to the healthy mouse fibroblast 1.929 cells.

Conclusion: The result of the present study indicated that Erica arborea stimulated
apoptosis induction in mouse breast cancer 67NR and 4T'1 cells, which was associated with
G2/M cell cycle arrest by regulating the CDK signaling pathway through ROS generation.

@@@@ Copyright (©) 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
BY NC ND

under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

nents that display various biological activities [5,6]. In par-

Breast cancer is the most commonly diagnosed cancer in
women globally and is a major cause of cancer-related
deaths [1,2]. General treatment methods include surgery,
chemotherapy, radiotherapy, and hormone therapy. How-
ever, these treatment methods often have serious side ef-
fects and carry the risk of developing resistance to treat-
ment in patients [3]. Therefore, it is of great importance
to develop alternative treatment approaches that are more
effective and have reduced side effects in the treatment of
breast cancer [4].

Herbal extracts are among the natural substances exam-

ined for their potential in cancer treatment. These extracts
typically have low toxicity and contain bioactive compo-
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ticular, herbal compounds such as polyphenols, flavonoids,
alkaloids, and terpenoids are known for their anti-cancer
properties [7,8]. In this context, the Erica spp. plants are
also noteworthy [9-11].

The FEricaceae family comprises 100 genera and 3,000
species and is found in various regions, including the Hi-
malayas, New Guinea, and South Africa [12]. In Turkey,
the family comprises 12 genera and approximately 30
species. The genus FErica L. (Ericaceae) is predominantly
present in South Africa, West Europe, and the Mediter-
ranean, with over 700 species. In the flora of Turkey, there
are five species belonging to this genus, with one of them,
Erica arborea L. (Hereafter referred to as E. arborea), com-
monly found in the coastal areas of Izmir, Turkey [13].
The traditional use of leaves from E. arborea includes the
treatment of various diseases such as antimicrobial, anti-
inflammatory, and antilithic properties. However, the anti-
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cancer effect of E. arborea as a high-level flavanone, which
is a strong reactive oxygen species (ROS) inducer in cancer
cells, producer has not been studied well [13, 14].

ROS are generally defined as chemically reactive oxygen-
containing molecules produced during cellular metabolism
[15,16]. A moderate amount of ROS is essential for cel-
lular signaling, which regulates cell proliferation and sur-
vival [17-19]. However, excessive levels of ROS can damage
cellular components such as lipids, proteins, and DNA,
resulting in an imbalance in redox conditions and dis-
rupting cellular homeostasis [20-23]. Numerous studies on
ROS-related anticancer therapies have been developed, fo-
cusing on inducing oxidative damage by increasing ROS
levels in cancer cells. Approaches that induce ROS de-
pend on the fact that raising the level of ROS beyond
the cytotoxic threshold can specifically eliminate cancer
cells [24-26]. The increased ROS level disrupts the redox
balance and leads to cancer cell death [27,28]. When ex-
ogenous agents trigger the generation of ROS, the redox-
imbalanced cancer cells become more susceptible than
normal cells, which results in Cyclin-dependent kinases
(CDKs) signaling pathway regulation-induced cell cycle ar-
rest and subsequent apoptosis induction-related cell death
[29-31]. Therefore, understanding the effects of herbal ex-
tracts on ROS production and CDKs is important in com-
prehending their anticancer mechanisms.

However, our understanding is that the F. arborea ex-
tract’s anticancer properties have not yet been investi-
gated. Therefore, this study investigates the toxicity of
methanol and ethanol extracts from E. arborea on cell
lines, including the 1929 healthy mouse fibroblast cells,
67NR mouse primary breast cancer cells and 4T1 mouse
metastatic breast cancer cells. The focus is evaluating cell
viability and apoptosis to understand the cellular mecha-
nisms involved. The ultimate goal is to provide valuable
insights into the potential use of F. arborea as an adjuvant
in cancer treatment.

Materials and Methods

Preparation and application of E. arborea sample extract
15 grams of E. arborea leave sample were ground into a
fine powder using a household grinder, and then the sam-
ple was weighed 10g and dissolved in pure methanol and
ethanol. The dissolved methanol and ethanol samples were
incubated at room temperature on the stirrer for 24 hours.
After the incubation period, the samples were filtered to
eliminate residues and prevent bacterial contamination be-
fore being poured into the 15 ml conical tubes. The so-
lutions tubes’ cap of methanol and ethanol extracts was
loosened and then incubated at 37°C for 48 hours to allow
the evaporation of methanol and ethanol. 320 mg of crude
methanol and 240 mg of crude ethanol extracts were ob-
tained. They were then dissolved in 1 ml of Dimethyl sul-
foxide (DMSO). Concentrations of methanol (1,000, 800,
600, 400, 200, and 100 pg/ml) and ethanol extracts (10,
8, 6,4, 2, and 1 pg/ml) applied to healthy 1.929 cells and
breast cancer 67NR and 4T1 cells for treatment.

Culturing conditions of cell lines
The cultured 1929, 67NR, and 4T1 cells were grown in
a RPMI 1640 medium, which is containing 10% fetal
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bovine serum (FBS), 1% penicillin/streptomycin, and 1%
L-Glutamine at 37°C in a humidified 5% CO4 incubator.
When the cells reached confluence, they were subcultured
to ensure growth. Cells were grown with the cell density
of 60,000 cells in each well of 24-well plates, followed by
incubation with the E. arborea extracts at related concen-
trations for 24 and 48 hours.

Apoptosis analysis

The apoptotic effects in 1.929, 67TNR, and 4T1 cells were
evaluated. These cells were grown in 24-well plates
and then treated with E. arborea methanol and ethanol
extracts at their half-maximal inhibitory concentration
(ICs0) values. Following the post-incubation period, the
cells were labelled using the Muse Apoptosis kit according
to the manufacturer’s guidelines. The Muse flow cytome-
ter instrument was used to analyze the cells and calculate
the rate of apoptosis [32].

Cell cycle state analysis

Cell cycle analysis was conducted on 1929, 67TNR, and
4T1 cells, which were grown in 24-well plates (60,000
cells/well). Subsequently, the cells were exposed to E. ar-
borea methanol and ethanol extracts at the ICs¢ value.
The cells were subsequently analyzed with the Muse Cell
Cycle Kit [32].

Ozidative stress analysis

L929, 67NR, and 4T1 were seeded in 24-well plates (60,000
cells/well) and incubated for 16-18 hours. After incuba-
tion, these cells were treated with F. arborea methanol
and ethanol extracts at their ICsq values. At the end of
the post-incubation time, the cells were stained with the
Muse Oxidative Stress Kit according to the manufacturer’s
instructions. The cells were then analyzed using the Muse
Oxidative Stress Kit to determine the ROS-positive and
ROS-negative cell rate.

Gene expression analysis

RNA was extracted from 1929, 67NR, and 4T1 cells cul-
tured in 24-well plates and exposed to E. arborea methanol
and ethanol extracts at ICsy concentrations for 24 and
48 hours using the Quick-RNA Miniprep Kit (ZymoRe-
search) according to the manufacturer’s instructions. The
High-Capacity cDNA Reverse Transcription kit was used
to conduct ¢cDNA synthesis, following the protocol pro-
vided by the manufacturer. The process took place in the
SensoQuest thermal cycler using isolated total RNAs as
samples. After this, the target Bcl-2, Bel-xL, Caspase-3,
Caspase-9, Bax, Bad, Cyclin A, Cyclin B1, Cdkl, Cdk2,
p21 and p27 genes’ primer pairs were designed (Supple-
mentary Table 1). Target gene expression analysis was
conducted using a 20 pl total reaction mixture containing
c¢DNA, EvaGreen, Primer Forward, Primer Reverse, 2X
master mix, and ddHsO. The analysis was carried out in a
Rotor-Gene device. The housekeeping gene Hypoxanthine-
guanine phosphoribosyltransferase 1 (HPRT1) was used
for the normalization of target genes, as it exhibited the
most stable expression values. The 2722C% method was
employed to calculate the normalized expression values of
the target genes.
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Statistical analysis

The differences observed between the groups were analyzed
using SPSS (Statistical Package for the Social Sciences,
Windows 23.0). The data obtained underwent testing
through One-way ANOVA and a Tukey post hoc test. If
the relevant experimental data of the IC5q extract-applied
group differed from the control group data or if the rele-
vant experimental data of the ICsy extract-treated groups
of different cell types differed, p<0.05 was considered sta-
tistically significant and the notations of * (p<0.05), **
(p<0.01), and *** (p<0.001) were used for the comparison
versus the control group. The findings were then expressed
as the mean + standard deviation (SD). Also, ICsq values
after the flow cytometer viability assay were calculated
with Graphpad Prism 9. All experiments were performed
in duplicate.

Results

At the beginning of the cytotoxicity experiments,
methanol and ethanol FE. arborea extracts were applied
to L929, 67TNR, and 4T1 cells at 1,000, 800, 600, 400,
200, and 100 pg/ml concentrations. However, concentra-
tions of E. arborea ethanol extract above 10 pg/ml caused
high death rates in all cell types. For this reason, ethanol
extract was applied to the cells at concentrations of 10
ng/ml and below. As a result, it was determined that
the viability of 1929, 67TNR, and 4T1 cells in methanol
and ethanol extract-treated groups decreased in a dose-
dependent manner at the 24 and 48 hour of cytotoxicity
experiments (Figure 1).

According to the viability values shown in Figure 1, the
IC5¢ (The half-maximal inhibitory concentration (ICsg))
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Figure 1. The viability values of 1929, 67NR, and 4T1
cells treated with different concentrations of E. arborea
methanol and ethanol extract for 24 (A) and 48 (B) hours.
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Figure 2. Value of IC5¢ of methanol and ethanol extract
treatment of 1929, 67NR, and 4T1 cells for 24 (A) and 48
(B) hours (x10 magnification).

values of 1.929, 67NR, and 4T1 cells, which were treated
with methanol extract for 24 hours, were found to be 227.7
ng/ml, 79.77 ng/ml and 105.3 ng/ml, respectively. Also,
the IC5q values of 1929, 67NR, and 4T1 cells, treated with
ethanol extract for 24 hours, were found to be 6.43 pg/ml,
4.42 pg/ml and 4.85 pg/ml, respectively. On the other
hand, the ICs values of 1929, 67NR, and 4T1 cells, which
were treated with methanol extract for 48 hours, were
304.5 ng/ml, 126.9 pg/ml and 143.9 pg/ml, respectively.
Also, the ICxq values of 1929, 67NR, and 4T1 cells, treated
with ethanol extract for 48 hours, were 6.56 pg/ml, 3.90
ng/ml and 5.21 pg/ml, respectively. The microscopic anal-
ysis results of the 24 and 48 hours ICgg values of methanol
and ethanol extract treatment are also shown in Figure 2.
Microscopy analysis also shows high particle density in the
plate well containing healthy 1.929 fibroblast cells applied
with E. arborea extract at higher ICsq concentrations. In
this case, healthy 1.929 fibroblast cells continue their vital
processes even at this high IC5¢ concentration.

The flow cytometry method measured the apoptotic po-
tential of E. arborea methanol and ethanol extract. The
information from cell viability data indicated that E. ar-
borea methanol and ethanol extracts were administered to
1L.929, 67NR, and 4T1 cells at IC5¢ concentrations for du-
rations of 24 and 48 hours. It has been found that the via-
bility rate decreased, and apoptotic cell number increased
significantly for 24 and 48 hours in 67NR and 4T1 cancer
cells, which were treated with methanol and ethanol ICsq
concentrations, according to the healthy 1.929 fibroblast
cells (p<0.0001). As seen in Figure 3, at the end of 24
hours of methanol extract treatment, the number of apop-
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Figure 3. Apoptosis values of 1.929, 67NR and 4T1 cells
treated with ICsy E. arborea methanol and ethanol ex-
tract concentrations. Apoptosis flow cytometer graphs of
methanol and ethanol extract treated cells for 24 hours
(A), apoptosis bar graph results of methanol and ethanol
extract treated cells for 24 hours (B), apoptosis flow cy-
tometer graphs of methanol and ethanol extract treated
cells for 48 hours (C), and apoptosis bar graph results
of methanol and ethanol extract treated cells for 48
hours (D).

totic (early and late apoptosis) cells was found for 1.929,
67NR and 4T1 cells as 34.95+0.48%, 41.12+0.44% and
45.8+0.9%, respectively. At the end of 24 hours of ethanol
extract treatment, the number of apoptotic (early and late
apoptosis) cells was found for 1929, 67NR and 4T1 cells
as 37.940.05%, 40.754+0.63% and 42.0+1.5%, respectively.
Also, at the end of 48 hours of methanol extract treatment,
the number of apoptotic (early and late apoptosis) cells
was found for 1929, 67NR and 4T1 cells as 34.05+1.48%,
42.574+0.72% and 43.06+1.47%, respectively. At the end
of 48 hours of ethanol extract treatment, the number of
apoptotic (early and late apoptosis) cells was found for
1929, 67NR and 4T1 cells as 36.4+0.9%, 42.824+0.91% and
44.440.7%, respectively.

The distribution profile of the cell cycle was evaluated to
investigate how the E. arborea extracts induce an antipro-
liferative effect in 1929, 67NR, and 4T1 cells. Figure 4 A
and B illustrate that the treatment of the ICsq E. arborea
methanol and ethanol extract concentrations increased the
frequency of arrested 1.929, 67NR, and 4T1 cells at the S
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Figure 4. Effect of IC5q E. arborea methanol and ethanol
extract concentrations on Cell Cycle Distribution in 1.929,
67NR, and 4T1 cells. The percentages of G1, S, and G2/M
population distribution after treatment with ICsq E. ar-
borea methanol and ethanol extract concentrations for 24
hours (A) and 48 hours (B). The G1, S, and G2/M pop-
ulation distribution percentages were plotted in the his-

tograms (C).

and G2/M phases while decreasing the cell population in
the G1 phase according to their control. In particular,
treatment of 1929, 67NR, and 4T1 cells with E. arborea
methanol and ethanol extract for 24 hours resulted in a
higher number of cells in the G2/M phase compared to 48
hours (see Figure 4C). However, the increase in the number
of cells arrested in the S and G2/M phases in healthy 1.929
cells treated with ICsq E. arborea methanol and ethanol
extract concentrations remained lower than in 67NR and
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Figure 5. Effect of IC5q FE. arborea methanol and ethanol
extract concentrations on the percentage of ROS-positive
1929, 67TNR, and 4T1 cell numbers. The percentages of
ROS-positive cell population after treatment with ICsq F.
arborea methanol and ethanol extract concentrations for
24 hours (A) and 48 hours (B). The ROS-positive cell pop-
ulation distribution percentages were plotted in the his-

tograms (C).

4T1 cancer cells. Also, the increase rate in 67NR and 4T1
cells arrested in the S and G2/M phases were significantly
higher according to the 1929 cells (p<0.0001) after E. ar-
borea methanol and ethanol extract treatment.

Our next aim was to determine if the induction of apop-
tosis by the E. arborea methanol and ethanol extracts was
associated with the production of intracellular ROS. For
this reason, the intracellular ROS level induced by extracts
was measured using Muse™ Oxidative Stress Kit. Figures

ter the methanol or ethanol extract treatment, the increase
in the number of ROS-positive 1.929 cells significantly re-
mained lower than in 67NR and 4T1 cancer cells as in cell
cycle analysis (p<<0.001). Together, these results indicated
that ROS induced by E. arborea methanol or ethanol ex-
tract could mediate apoptotic processes in 1,929, 67NR,
and 4T1 cells.

The target gene expression levels of pro-apoptotic, anti-
apoptotic, and G2/M phase-associated genes were ana-
lyzed with RT-qPCR analyses to investigate the mech-
anism of the E. arborea methanol and ethanol extract-
induced apoptosis and cell cycle arrest in 1929, 67NR,
and 4T1 cells. As seen in Figure 6 A and B, treatment of
the cells with ICsy concentrations of E. arborea methanol
and ethanol extracts for 24 hours and 48 hours increased
the mRNA expression level of pro-apoptotic Caspase-3,
Caspase-9, Bax, and Bad genes in 1929, 67NR and 4T1
cells, while decreased the anti-apoptotic Bcl-2, Bcl-xL
mRNA expression level according to their non-treated con-
trols. However, it was determined that the change in Bcl-2,
Bel-xL, Caspase-3, Caspase-9, Bax, and Bad gene expres-
sion levels was higher in 67NR and 4T1 cells compared to
L929 cells (p<0.01) for 24 and 48 hours of methanol and
ethanol extract treatment. On the other hand, as seen
in Figure 6 A and B, the RT-qPCR results showed that
treatment of the cells with ICsy concentrations of E. ar-
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borea methanol and ethanol extracts reduced the mRNA
expression levels of cyclin A and B1 according to their
non-treated controls (p<0.01). In contrast, the mRNA
expression level of CdK1 and CdK2 remained similar at
the control level (p>0.05). Nevertheless, the mRNA ex-
pression level of a Cdk inhibitor P21 (CDKN1A) and
P27 (CDKNI1B) genes were significantly up-regulated in
response to the extract treatment. Altogether, our re-
sults showed that E. arborea methanol and ethanol ex-
tract treatment induced apoptosis and cell cycle arrest in
1929, 67NR, and 4T1 cells. However, the extract-related
induction of apoptosis and cell cycle arrest was limited
in healthy 1929 cells, even at higher IC5( concentrations,
according to the breast cancer 67TNR and 4T1 cells.

Discussion

Medicinal plants have been utilized as traditional remedies
for various human ailments for thousands of years [33].
Also, many studies have shown that certain anticancer
agents activate the cell cycle arrest checkpoint, leading to
apoptotic cell death [34]. An uncontrolled cell cycle is a
characteristic of tumor cells and plays a role in cancer de-
velopment and progression [35]. For this reason, our study
investigated the potential of E. arborea as a bioactive sub-
stance derived from natural sources, examining its phar-
macological effectiveness in anticancer properties through
in vitro experiments. On the other hand, the literature
searches revealed no studies on cancer cells treated with
a substance or extract obtained from plants belonging to
the Erica genus. For this reason, we compare our results
with similar research conducted on plant-derived extract
treatment experiments on various cancer cells.

It is important to identify the various forms of pro-
grammed cell death (PCD) present in the cell popula-
tion that has been treated with the agent [5]. PCD en-
compasses death mechanisms like apoptosis, autophagy,
necroptosis, and pyroptosis [36]. Hence, it is important
to identify the different types of cell death mechanisms
occurring in cells exposed to the substance. In processes
involving living organisms, apoptosis is the most common
mechanism of cell death [37]. Therefore, this study first
investigated whether the cell deaths occurring under the
guidance of the results obtained from cytotoxicity tests
were caused by apoptosis. As a result of the flow cy-
tometer analysis, it was determined that the cell deaths
in both 24 and 48 hours of E. arborea extract treatment
were caused by apoptosis. Also, it was observed that the
total apoptotic cell rate was higher in 67NR and 4T1 cells
in contrast to L929 fibroblast cells, both at the 24" and
48" hours. Moreover, it was noteworthy that ethanol ex-
tract of E. arborea causes apoptotic death at lower than
10 pg/ml concentrations in all cell types, but this death
rate of 1929 cells was lower according to the 67TNR and
4T1 cells. Apoptosis is commonly divided into two main
pathways: the extrinsic and the intrinsic pathways, which
involve the mitochondria [38-40]. The extrinsic pathway
is initiated when death ligands bind to their respective re-
ceptors. This interaction leads to the formation and acti-
vation of caspase-8, which stimulates effector caspases like
caspase-3 [41]. In contrast, the intrinsic pathway begins
with the release of cytochrome c¢ from the mitochondria
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into the cytosol. This release occurs due to increased mi-
tochondrial permeability. Once in the cytosol, cytochrome
¢ activates effector caspases by forming the apoptosome,
which consists of Apaf-1, cytochrome ¢, and caspase-9.
The intrinsic pathway is specifically regulated by Bcl-2
family proteins, such as Bax and Bad [40,42]. Parallel
to certain studies using different cancer cell lines, which
were treated with different extracts or agents obtained
from different genera of plants, our results show that F.
arborea up-regulated caspase-3, caspase-9, Bax, and Bad
mRNA expression levels, which was associated with the
down-regulation of the Bcl-2 and Bel-xL mRNA expres-
sion levels [43-46]. However, the rate of changes in mRNA
expression levels of these genes was more limited in 1.929
cells than in 67NR and 4T1 cells, as was the apoptosis
analysis.

Our results indicate that the methanol and ethanol ex-
tracts of F. arborea suppressed cell proliferation by induc-
ing arrest in the G2/M cell cycle phase. For this reason,
to further understand the molecular machinery of cell cy-
cle arrest induced by FE. arborea, attention was placed on
cyclins and CDKs. The central machinery driving cell cy-
cle progression is regulated by Cdks, which is regulated
through interactions with cyclins that are specific to the
cell cycle and Cdk inhibitors [47,48]. Cyclin A/B and the
Cdk1/2 complex are involved in cell progression through
the S and G2 phases. Consistent with the results of other
studies, cell cycle analyses using different cancer cell lines,
which were treated with different extracts obtained from
different genera of plants, our results show that FE. ar-
borea extracts reduced the mRNA expression level of cy-
clin B1 and A. In contrast, the expression of CdK1 and
Cdk2 remained unchanged according to the control [49-
51]. Also, the mRNA expression level of P21 and P27
was significantly up-regulated by E. arborea extracts. The
up-regulated mRNA expression levels of P21 and P27 in-
hibit the kinase activity of Cdks and halt the cell cycle
progression in cells [52, 53]. In this study, it was found
that up-regulated mRNA levels of P21 and P27 resulted
in the suppression of their kinase activity, ultimately caus-
ing G2/M arrest in cells. Furthermore, the ethanol extract
of E. arborea significantly inhibits the cell cycle progres-
sion of 67NR and 4T1 breast cancer cells at a lower than
the concentration of 5 pg/ml, a concentration that has an
effect of less than 30 micrograms is suitable for use as a
drug according to the U.S. Food and Drug Administration
(FDA).

ROS plays a role in various cellular activities, and main-
taining ROS at low to moderate levels appears neces-
sary for cell survival [54]. Nevertheless, an overabundance
of ROS leads to cell death by triggering DNA damage-
related apoptotic pathways [55,56]. Recent studies have
announced that various bioactive compounds stimulate
apoptosis and cell cycle arrest through ROS generation
[43,57]. The results suggested that elevated ROS levels
could be a therapeutic approach to combating cancer. For
this reason, the oxidative stress level of the FE. arborea
extracts-treated cells was evaluated to determine ROS pro-
duction in cells. As a result, increased levels of oxidative
stress were observed in FE. arborea extracts-treated cells
compared to non-treated cells. Also, consistent with pre-
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vious studies [68-60], this study revealed that the high
levels of ROS were an upstream regulator of the F. ar-
borea extracts induced apoptosis. However, the rate of
ROS production in healthy fibroblast cells 1.929 cells after
E. arborea extract treatment was lower according to the
67NR and 4T1 breast cancer cells, which revealed that the
1929 cells are more resistant to ROS production according
to the 67NR and 4T1 cells after extract treatment.

Conclusion

This study found that ROS generation by the Erica genus
member FE. arborea methanol and ethanol extracts is re-
sponsible for inducing apoptosis and causing an arrest in
the G2/M cell cycle phase in healthy mouse fibroblast 1L.929
cells, primary mouse breast cancer 67NR, and metastatic
mouse breast 4T1 cancer cells. This is achieved by regu-
lating the CDK signaling pathway. However, E. arborea
methanol and ethanol extracts related apoptosis and cell
cycle arrest rate were higher in 67NR and 4T1 cells, even in
lower concentrations according to the 1.929 cells. In partic-
ular, ethanol extract of E. arborea shows strong apoptosis
and cell cycle arrest effects on cells at very low concen-
trations according to the methanol extract of E. arborea.
Based on these findings, E. arborea selectively killed breast
cancer cells by inducing apoptosis and G2/M cell cycle
arrest by regulating the CDK signaling pathway through
ROS generation.

Ethical approval

It is a study that does not require ethics committee ap-
proval.
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