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Abstract

Breast cancer (BC) is an important cause of mortality globally. The current study aims to determine the anti-cancer effects of
green tea polyphenols (PP) and epigallocatechin-3-gallate (EG), either individually or encapsulated in nanoparticles (NPs), on
two different human breast cancer cell lines in vitro. The proliferation of MCF-7 and MDA-MB-231 cell lines was evaluated
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), and apoptosis was examined using flow
cytometry. We also measured entrapment efficiency (EE) using dialysis technology. The particle size (PZ) and zeta potential
(ZP) of the proposed nanoparticles were investigated. The cytotoxicity test was done to examine the cytotoxic effects of
polyphenols (PP) and EG on human breast cancer. Cell viability in MTT assays of cancer cells incubated with PP and EG
encapsulated in nanoparticles showed significant cytotoxicity; besides, we determined the half-maximal inhibitory
concentration (ICso) and fold change (FC) of the drug. The flow cytometry analysis showed a quantitative analysis of different
degrees of apoptosis. Our results proved that PP NPs had the highest cytotoxic effects at 100 pM with 9.39+0.47 and
10.76+0.53 % of MCF-7 and MDA-MB-231 cell viabilities, respectively. The MCF-7 is more sensitive than the MDA-MB-
231 to PP and EG NPs. PP NPs are highly effective against late apoptosis in MCF-7 (13.6%) compared to late apoptosis in
MDA-MB-231 (11.8%). In conclusion, introducing PP NPs and EG NPs could have great potential against resistant human
breast cancer cells via the mediation of cell death-mediated apoptosis.
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1. Introduction resistance, most patients responded poorly to

Breast cancer (BC) is the most frequent invasive
ailment and the second leading cause of women’s
deaths, accounting for approximately 29% [1]. BC is a
heterogeneous group of cancer cells that can be
classified based on their morphological and biological
characteristics, behaviour, and treatment response.
There is no permanent treatment for cancer. Surgery,
chemotherapy, radiation therapy, and palliative care
are options for treatment. Chemoprevention is a viable
solution among the widely used cancer disease
prevention strategies [2]. Due to the appearance of

conventional chemotherapy. As a result, it is vital to

create new treatment strategies to increase cancer
cells’ sensitivity to chemotherapy-induced cell death
[3]. There are many medicinal herbs that can treat
dangerous and fatal diseases, such as breast cancer. To
cure such cancer, taking a biological agent with no
side effects is highly important [4]. Natural products
obtained from various sources may have the ability to
activate many biochemical processes that tackle
cancer.  Natural  substances  obtained  from
dietary sources can target different breast cancer-
related ways, acting as a powerful defense against
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cancer and playinga key role in breast cancer
protection [5].

In cell cultures and animal models, it has been
discovered that GT, a putative cancer
chemotherapeutic agent generated from dietary
components, plays a substantial role in overcoming
cancer resistance, including that of breast, lung, liver,
and skin cancers [2]. GT is made from the Camellia
sinensis plant’s leaves and is one of the most
popular drinks on the planet [6]. GT PP is the most
common type of GT ingredient and is increasingly
used in biomedical research to treat diseases such as
cancer, obesity, cardiovascular disease, and diabetes
mellitus. GT PPs (catechins and flavanols), caffeine,
theanine, vitamins, and minerals are among the 200
bioactive compounds contained in GT [1]. The
catechin profile of a typical green tea leaf extract
contains 10%-15% epigallocatechin-3-gallate (EG),
6%-10% epigallocatechin (EGO), 2%-3%
epicatechin-3-gallate (ECG), and 2% Epicatechin
(EC). EG is the most prevalent polyphenol in green tea
[7]. EG is essential in preventing cervical cancer
proliferation, which is linked to the induction of
apoptosis. It inhibits cell propagation in addition to
inducing cancer apoptosis in breast, lung, and prostate
cancers [8,9]. According to Dai et al. (2017), treatment
with EG reduced the proliferation of breast cancer
cells by deactivating the [-catenin signalling
pathway and inhibiting the viability, expression, and
phosphorylation of protein kinase B in MDA-MB-231
cells [10]. Wu et al. (2019) showed that EG dose-
dependently increased the apoptotic index, suggesting
that the mitochondria-mediated apoptotic pathway was
activated. In human thyroid cancer cells, EG induces
apoptosis that is mediated through the mitochondria
[9]. Chemotherapeutic chemicals now in use are
unable to distinguish cancer cells from normal cells
and hence destroy both types of cells. The use of
nanoparticle versions of these drugs can overcome this
chemotherapeutic-associated problem [11].
Nanoparticles (NPs) have many advantages compared
to chemotherapies, such as protection against cancer
resistance and induction of apoptosis [12,13]. The use
of NP versions of these drugs can overcome this
chemotherapeutic-associated problem.

Other distinctive advantages of the nanoparticles as
therapeutic carriers include increased therapeutic
efficacy, decreased toxicity, and the capacity to
encapsulate and distribute poorly soluble medicines
[11]. Specific characteristics of nano-delivery systems,
such as their small size and advantageous features,
make it possible for them to modify the
pharmacokinetics [14]. Nanotechnology has the ability
to improve the biological transport of natural
chemicals with medicinal potential [15]. Generally, but
not always, many different forms of NPs used as drug
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carriers are made of lipids or polymers [16]. Many
macromolecules have been employed to enhance the
stability and cancer cell-treating properties of tea
catechins, including polyethylene glycol (PEG),
keratin, bull serum albumin, and chitosan (CS) [17].

In general, the current work intends to investigate the
anti-cancer and pro-apoptotic effects in vitro of GT
polyphenols (PP) and epigallocatechin-3-gallate (EG)
against human breast cancer MCF-7 and MDA-MB-
231 cell lines, either individually or when encapsulated
in nanoparticles.

Materials and Methods

Chemicals

Dulbecco’s modified eagle’s medium (DMEM), fetal
bovine serum (FBS), trypsin, antibiotic-antimycotic, I-
glutamine (LG), phosphate buffered saline (PBS),
annexin V apoptosis kit (Ann V), and propidium
iodide (PI) kit were purchased from Thermo Fisher
Scientific. Chitosan (CS), polyethylene glycol (PEG),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), dimethyl sulfoxide (DMSO), and
polyvinyl alcohol (PVA). High-performance liquid
chromatography (HPLC) grades (dichloromethane,
ethanol, ascorbic acid, acetonitrile, and acetic acid)
were purchased from Sigma-Aldrich Co., USA.
Doxorubicin (DOX) was purchased from Sandoz, a
Novartis company. The green tea (GT), Camellia
sinensis, Code No. Y20140020, was cordially gifted
from Hebei Baicao Kangshen Pharmaceutical Co.,
Xiyuan Hospital, and the China Academy of Chinese
Medical Sciences. All chemicals were of the highest
commercially available analytical grade and purity.

Cell line

Human breast cancer cell lines MCF7 and MDA-MB-
231 were purchased from the Holding Company for
Vaccines, Sera, and Drugs (VACSERA), Giza, Egypt,
tissue culture laboratory as an 80% confluent sheet,
which supplied them from the American Type Culture
Collection (ATCC, USA).

Methods

1. Polyphenols extraction from dried green tea
leaves

Hot water (60°C) was added to 30 g of crushed dried
GT leaves in a 1:20 ratio (while moving periodically
to deactivate enzymes). The filtrate from the boiling
mixture was collected three times. The GT solution
was concentrated using a rotavapour (a water bath set
at 60°C). The concentration had a 245 ml volume.
Dichloromethane was added in an equal volume (245
ml) and mixed into the concentration. The upper
portion was the undissolved residual concentrate
(specific gravity of dichloromethane > specific
gravity of water), and the lower portion was caffeine
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(chlorophyll, lipid, carbohydrate, etc.) dissolved in
dichloromethane.

The undissolved residual GT (upper part) was mixed
with 250 ml of ethanol aqueous solution with
different concentrations (0, 40, 60, 80, and 100%,
v/v) and 0.1 g of ascorbic acid (to stop oxidation) in a
separating funnel. The lower portion was the
remaining tea solution (oil, fats, lipids, etc.), and the
upper yellow portion was PP dissolved in an aqueous
ethanol solution. The mixture was immiscible. Five
more times, this liquid-liquid extraction was carried
out without the addition of ascorbic acid. The PP was
then dried and kept in a desiccator to prevent sticking
once the solution was concentrated. The PPs broke
down when exposed to air. The PP concentration
weighs 5.8 g in total. The amount of PP was extracted
from GT at various extraction times (20, 40, 80, 100,
140, and 180 min) [18].

2. Extraction of the constituents of polyphenol

The HPLC technique indicates the percentage of PP
constituents. The HPLC systems used for the analysis
consisted of a 486 detector (M 7200 Absorbance
Detector, Young-In Scientific Co.), a 426 HPLC
pump (Alltech Co.), and a Reodyne injection valve
(20 pL sample loop). The data was collected using an
Autochro-WIN data collection device (Ver. 1.42,
Young-In Scientific Co.). After each injection,
sufficient time was given to settle the column and
detector signals. We had experimented with the
mobile phases of water, methanol, acetonitrile, and
acetic acid. A commercial analytical chromatographic
column, RS-tech (0.46x25 c¢cm, 5 um, C18, Dacejeon,
Korea), was used in this experiment. The mobile
phase flow rate was 1.0 mL/min, and the injection
volume was 20 pL. The UV detector's wavelength
was set at 280 nm. A 50 ml volumetric flask
containing 0.5 g of the dry powdered extract of PP
and 5 ml of HPLC-grade acetonitrile is used. Then it
was diluted with various amounts of water, ascorbic
acid, and acetonitrile. The percentage of polyphenolic
constituents that the HPLC system has detected [19].

3. EG extraction from dried green tea leaves

In order to prepare the samples, 4 mL of ethanol
aqueous solution was mixed with 2 mg of the standard
chemicals (catechins (EG)), and the isoflavone content
was adjusted to 500 ppm. The UV detector's
wavelength was set to 280 nm, and the HPLC
equipment was utilised for analysis. We made dry
powder samples by grinding and sieving (< 30 um) GT
that contained catechins (EG). Three grammes of GT
powder were added to 100 mL each of pure ethanol,
pure water, and different concentrations of aqueous
ethanol (0, 40, 60, 80, and 100%, v/v). By using the
dipping method, catechins (EG) were extracted from
each sample at different extraction times (20, 40, 80,
100, 140, and 180 min). Prior to HPLC analysis, the
extraction solution was filtered through a 0.2-um
membrane filter [19].
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In this work, the effects of extraction time (20, 40, 80,
100, 140, and 180 min) and solvent composition
(ethanol) (0, 40, 60, 80, and 100 vol%) on the amounts
of catechins (EG) extracted from GT were
investigated.

4. Preparation of nanoparticles

Using polymeric nanoparticles CS and PEG,
researchers were able to overcome cancer cells'
resistance to  chemotherapy by  promoting
mitochondrial malfunction and activating apoptosis.

4.1. Preparation of PEG NPs and CS NPs (nano-
void)

PEG and CS NPs were prepared by a modified single-
emulsion solvent evaporation method [20]. Briefly,
after being produced in 1% glacial acetic acid and
filtered, the PEG or CS solution (12% w/w) was added
to the aqueous PVA solution (12 mL, 2% w/v).

4.2. Preparation of PP and EG nanoparticles

To entrap the PP and EG inside the polymer
nanocapsule, we added a certain amount of them while
we were preparing the nanocapsule using 3.75 mM N-
hydroxy succinimide (NHS) and 1.5 mM 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide (EDC), which
were stirred for 1 hr to activate the interaction between
5 mg of the CS NPs and PEG NPs with either PP or
EG. This new mixture was stirred overnight at 4 °C,
after which new NPs of CS were decorated with PEG
as surface ligands outside the NPs.

4.3. Characterization of nanoparticles

4.3.1. Particle size (PZ) distribution and zeta
potential (ZP)

All nanoparticles' PZ, ZP, and polydispersity index
(PDI) were investigated using the Malvern Zeta Sizer
(Nano ZS, UK) by photon correlation spectroscopy
(PCS) at 25°C. Every reading was performed in
triplicate, and the mean + standard error (SE) values
were used.

4.3.2. Measurement of the drug encapsulation
efficiency (EE%0)

The free cells (non-conjugated cells with NPs) were
removed using the dialysis tubing technique using a
membrane bag (Membrane, Spectrum Lab., USA;
molecular weight cut-off, MWCO: 25 KDa) [20].
Using this method, the concentrations of the
nanoconjugated cells were measured. Using a UV-
based enzyme-linked immunosorbent assay (ELISA)
method, the free and conjugated forms of cells were
detected using a variable-wavelength detector. After
using the dialysis technique, encapsulating
(entrapment) efficiency (EE%) was measured.

4.3.3. Cell culture and maintenance

In vitro, the cell proliferation and maintenance of
human breast MCF-7 and MDA-MB-231 cells were
studied in tissue culture flasks containing DMEM
with 1% LG. 1% antibiotic-antimycotic mixture and
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5% FBS were added to both cell lines as supplements.
To obtain sufficient cell numbers, the cells were
incubated at 5% CO; humidity and a temperature of
37°C. The finished mixture was then thrown away
and cleaned three times cleaned with PBS. To harvest
the cells, 5% FBS was added after the cells had been
detached using 0.05% trypsin and 0.02% EDTA to
separate adherent cells [21].
4.4. Measurement of the cytotoxicity
Using breast cells, the MTT test was used to evaluate
all drug groups. All cell lines' growth was evaluated
using an MTT assay in the presence of PP, EG, and
nanoparticles. This assay kit was widely used for the
cytotoxicity evaluation of the cell proliferation of
these nanoparticles. DOX as a standard drug (positive
control) was utilised as well. MTT is a water-soluble
tetrazolium salt that allows succinate dehydrogenase
in the mitochondria to cleave, producing an insoluble
purple formazan. Since the formazan product cannot
pass through living cells' membranes, it accumulates
inside them. For negative control, media were added
without drugs [22].
Briefly, the cells were cultured at a density of 1 x
10% cellsiwell in a 96-well tissue culture microtiter
plastic plate and incubated for 24 hours at 37°C in 5%
CO- in a water-jacketed carbon dioxide incubator. This
allowed the cells to adhere to the plate. After 24 hours,
all drugs (PP, PP NPs, EG, and EG NPs) and DOX
with their described concentrations (0, 5, 10, 20, 40,
60, 80, and 100 uM) were added into the media over
these cells. Culture media treated with nano-void (i.e.,
nano-capsules without loaded drugs) were used as a
control group to compare nano-drugs with them. In
addition, culture media treated with PBS was used as a
negative control to compare free drugs with it. A
positive control was doxorubicin. MTT dissolved in 5
mg/mL PBS was added to each well after 24 hours of
incubation, and the samples were then incubated at
37°C for 4 hours. Cells' ability to reduce MTT was
used to measure cell proliferation. The water-insoluble
dark blue formazan crystals that were created during
MTT cleavage in active metabolising cells were
dissolved by adding 150 pl of DMSO (solubilizing
solution) (10%) into each well to stop the reaction. The
plate should be left in the incubator for all of the night
in an atmosphere with humidity (37°C, 5% CO,). A
microplate reader (BMG Labtech, Germany) was used
to read the plates' absorbance at 540 nm. All assays
were carried out three times in triplicate for each
concentration, and the average of all the experiments
has been shown as cell proliferation as a percentage of
cell viability + standard error (SE) in comparison with
the negative control.

4.5. Determination of the 50%
concentration (I1Cso)

inhibitory
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For the antitumour activity assays on MCF-7 and
MDA-MB-231, the ICso value was determined as the
effective concentration that reduces the growth of cells
to 50% of the control value, resulting in 50%
cytotoxicity. The results were used to calculate the
ICsp values of the drug.

4.6. Quantitative determination of apoptosis and
Necrosis

The effects of the extract on MCF-7 and MDA-MB-
231 resulted in the two main types of cell death,
necrosis and apoptosis, which were detected using
flow cytometry and the FITC Annexin V and
Propidium lodide (Ann V-PI) kit.

2x10° cells/ml of MCF-7 and MDA-MB-231 were
grown in 10 ml Petri dishes of DMEM with 10% FBS.
The obtained ICsq doses of the proposed free and nano
EG and PP were added. As mentioned above, the
control was 0.0% of these extracts (without drug). The
cells were extracted by adding trypsin and centrifuging
for 5 minutes at 1000x after being incubated for 24
hours. The cells were then given two cold PBS washes.
The cells were gently mixed with 5 plof FITC
Annexin V and 5 plof propidium iodide solution
before being incubated for 15 min at room temperature
in the dark. The cells stained according to the Kit's
protocols were then given the binding buffer and then
analysed by a flow cytometer (Beckman Coulter,
USA) using 488 nm as the excitation wavelength [20].
The determinations were performed in duplicate.

5. Statistical analysis

The data obtained in the present work were
represented in figures and tables as the mean +
standard error (SE). All assays were repeated three
times (n = 3). A one-way ANOVA analysis (SPSS,
version 20) was used. P values < 0.05 were
considered statistically significant when comparing
the treated groups with the control.

Results

1. Extraction of the constituents of polyphenol
The components present in the polyphenol are
identified by comparing them with the HPLC system,
as shown in table 1.

Table 1.Percentage concentrations of the components
in polyphenols

Component Concentration (%)
Gallic acid 281
Epigallocatechin (EGC) 1.87
Epigallocatechin-3- gallate (EG) 799
Epicatechin-3- gallate (ECG) 1.66
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The most component abundant pp in green tea is EG.
Atypical PPs in GT leaves extract contains 7.99%
EG, 2.81% Gallic acid, 1.87% EGC, and 1.66% ECG.

2. EG extraction from dried green tea leaves
In the case of the extraction time (20 min) remained
constant, Table 2 displays the amount of PP and EG
present in the GT extracts produced using various
ethanol solvent compositions by HPLC system.

Table 2. Amount of PP and EG extracted from GT
leaves upon solvent composition, fixing time 20 min.

3. Characterization of nanoparticles

The data illustrated in Table 4 show the nano-void,
PP NPs, and EG NPs characterizations. We noticed
that the nano-formulation had the smallest average
nano-size for the nano-void (88.24 nm + 1.68 nm),
and the highest average nano-size (255.2 nm + 7.42
nm) was for the PP nano-formulation. The presence
of PP and EG increased the size of the nanoparticles.
Nano-voids were the most stable, with the lowest
positively charged zeta potential (+15.6+2.6 mV) on
their surfaces and a very low polydispersity index
recorded at (0.01+0.00). The zeta potential of EG NPs
was the highest (+37.64+6.32), which is less stable on
their surfaces with very high entrapment efficiency

Solvent Amount mg/g (93.5%)
composition PP EG
(Ethanol, %) Table (4): Average size, polydispersity index (PDI),
o Zeta potential (ZP), and entrapment efficiency (EE)
0 71,76 1.1 of the synthesized nanoparticles.
40 8.2 09 NPs type Mean +SE EE, %
60 72 0.87 Size,nm |PDI ZP, mV
80 6.08 0.7 nano-void 88244168 | 0014000 | 4156426
100 2.83 0.57
] PP NPs 25524742 1054000 |+2723H45 |87
GT extracts contain between 8.2 ~ 2.83 and 1.1 ~
0.57 mg/g, respectively, of PP and EG. It is clear that '
PP was extracted from GT at a higher rate than EG EG NPs ILB3AL3 1032001 | 437644630 ) 935
was at the same concentration of 40% (8.2) ethanol
solution (i.e., 60% water). This might be because EG

and PP are dissolved differently in water, with EG

having a higher solubility than PP. The amount of EG

extracted from green tea increased as ethanol

concentration decreased, recording the highest

extracted amount at 0% (1.1) ethanol (i.e., 100%

water) and the lowest at 100% (0.57).

The levels of PP and EG in GT extract that were
produced using various extraction times are shown in
Table 3. As can be indicated, GT contains the largest
amount of PP extracted after 100 minutes (10.65 mg/qg)
and the lowest amount after 20 minutes (8.2 mg/qg).
The GT yields the highest amount of EG (1.86 mg/g)
at 80 minutes and the lowest amount (0.82 mg/g) at
140 minutes.

Table 3. Amount of EG and PP extracted from
green tea upon Extraction time

Extraction time Amount mg/g

(min) PP EG
20 82 1.1
40 8.56 1.56
80 9.14 1.86
100 10.65 0.96
140 8.57 0.82
180 8.68 1.00
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Data were represented in terms of mean + standard error
(SE), n=3. PDI: polydispersity index; ZP: Zeta
potential; EE%: entrapment efficiency. On the other
hand, the size distribution graph describes the intensity
based on the size distribution, and the Malvern Zeta-
Sizer analysis displays the polydispersity index. The
analysis indicated that the size distribution by intensity
has two peaks, recorded as around 100 nm (91.13+2.5)
for peak 1 of EG nanoparticles and about 250 nm
(255.2+7.42) for peak 2 of PP nanoparticles (Fig. 1).

Fig. (1): Size distribution of PP NPs and EG NPs
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4. Cytotoxicity

4.1. MTT assay

The cytotoxic effects of PP, PP NPs, EG, EG NPs,
and DOX on MCF-7 and MDA-MB-231 cell lines
cultured in vitro were measured by MTT assay. Cells
were assayed for cell viability with 24 hours of
exposure to different doses of drugs. Figs. 2 and 3
show the anticancer effects of PP and EG as free
anticancer drugs and their nano-formulations (PP
NPs and EG NPs) against MCF-7 and MDA-
MB-231. Zero concentration in Figs. 2 and 3
illustrates the cancer cells without any treatments
compared to the free drug and the cancer cells
with nanoparticle drugs.

80

.
S
.

MCF-7 cell proliferation (%)
f=
=

(=]
(=3
L

[=]
L

PP PP NPs EG
Treatments

EG NPs DOX

Fig. (2): The cytotoxic-based mitochondrial activity
of the MCF7 cell line upon PP, PP NPs, EG, and EG
NPs treatments. Three independent runs (n = 3) were
done and illustrated in the figure.

120

m60

MDA-MB-231 cell proliferation (%)

PP PP NPs EG
Treatments

Fig. (3): The cytotoxic-based mitochondrial activity
MDA-MB-231 cell line upon PP, PP NPs, EG, and EG
NPs treatments. Three independent runs (n = 3) were
done and illustrated in the figure.
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There was a significant decrease in all free and nano-
formulations over MCF-7 and MDA-MB-23. We used
DOX as a well-known positive standard anticancer
control. The results showed that the MCF-7 and MDA.-
MB-231 had a dose-dependent decrease in cell
viability; in other words, the cell viability declined
with increasing the concentration of drugs.
Furthermore, at 100 M, PP NPs displayed the most
cytotoxic effects, reducing the viability of MCF-7 and
MDA-MB-231 by 9.39+0.47 and 10.76+0.53 9%,
respectively.

The results showed that after 24 hours, PP NPs and EG
NPs significantly reduced the viability of the MCF-7
and MDA-MB-231 compared to the control group.

4.2. The 50% inhibitory concentration (ICso) and
fold change (FC)

The MCF-7 and MDA-MB-231 were used to create a
dose-response curve that yielded the 50% inhibitory
concentration (ICso) for the free and nanoparticle drugs
in this study.

To determine the cytotoxic FC between the drug-
encapsulated nanoparticles and their free counterparts,
the 1Cs of the free PP and EG is divided by the ICs of
each nanoplatform. The 1Cses and FC of all free- and
nano-formulations over MCF-7 and MDA-MB-231 are
demonstrated in Table 5. The ICses of PP NPs and EG
NPs over the MCF-7 were 26.85 uM and 27.76 uM,
with 1.09 and 2.91 FC, respectively, compared to the
MDA-MB-231, with the ICses of PP NPs and EG NPs
being 41.86 uM and 41.59 puM, and FC of 1.93 and
0.97, respectively, the decrease in the ICso value,
meaning that this nano-platform is more cytotoxic
against cell lines.

Table 5: I1Cso and fold changel (FC1= free drug/NPs)

Cell lines

(1gnl) EGNPs | FC

PP |PPNRs | FC | EG

MCE-Teells | 2949 | 26849 | 1096 | 80.831 | 27759 | 2912

MDA-MB-231

SLOT | 41868 | 19364 | 40375 | 41.3% | 0971
cells

PP: polyphenols; NPs: nanoparticles; FC: fold change

The 1Cs and cytotoxic FC2 of all free- and nano-
formulations over MCF-7 and MDA-MB-231 were
demonstrated in Table 6. We used DOX as a well-
known positive standard anticancer control.
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Table 6: IC50 and fold change 2 (FC2 = DOX/Drug)

Cell lines/ | DOX PP PP NPy EG EGNPs
(2

MCE-T (97940 | 20497 | 26840 | 80831 | 17739

FC2 ef | 3320 3.648 1212 358

MDA-MB- 97115 | 81071 | 41868 | 40375 | 41.3%
JA)!

FC2 ef | 119 1319 1405 1335

PP: polyphenols; NPs: nanoparticles; FC: fold
change; DOX: doxorubicin.

According to the MTT assay, all ICso percentages at
24 hours (ICso@24h) of the PP, PP NPs, EG, and EG
NPs were less than those of DOX with a different
percentage of the drug. The cytotoxicity of PP NPs
induced in the MCF-7 was greater than that of the
MDA-MB-231 due to the lowest ICso value. The
lowest exposure level required to inhibit the growth
of 50% of MCF-7 in vitro after 24 h was found in PP
NPs, followed by EG NPs. Generally, the MCF-7 was
more sensitive than MDA-MB-231 to PP NPs and EG
NPs, where the ICso@24h over MCF-7 and MDA-
MB-231 was 26.85, 27.75, 41.86, and 41.59,
respectively.

5. Apoptotic induction

The majority of the cells were healthy in the double
negative quadrant (negative annexin/negative PI),
early apoptotic cells (positive annexin/negative Pl),
late apoptosis in the double positive quadrant
(positive annexin/positive PI), and necrotic cells
(negative annexin/positive PI).

The number of early and late stages of apoptotic and
necrotic MCF-7 in the control drug was significantly
different. The trusted late apoptotic and necrotic
MCF-7 were markedly less than the early apoptotic
cells (Fig. 4 C).

In the treatments with EG and EG NPs, the number of
necrotic MCF-7 cells showed increased significantly
in comparison with late apoptotic cells. In addition,
the counted number of the late apoptotic cells at the
corresponding treatments with EG was significantly
more than that of the early apoptotic ones. In the cells
exposed to PP or PP NPs, the number of necrotic
MCF-7 cells was markedly less than that of the late
stage of apoptosis and higher than that of the early
stages.

In the early apoptotic stage, the highest-counted

cells were detected in the culture exposed to EG

NPs. For the rest of the treatment, there was a

descending order: PP NPs, PP, EG, and finally, the
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control. In the late apoptotic stage, the lowest count

of MCF-7 cells was recorded for the cells unexposed

to any treatment, significantly less than the count

found in cancer cells exposed to the PP, EG, EG

NPs, and PP NPs. The counted necrotic MCF-7 cells

showed that the highest percentage was observed in

cells exposed to EG, whereas the lowest percentage

was recorded in those exposed to the control.

The number of early and late stages of apoptotic and

necrotic MDA-MB-231 cells was significantly

different in the control drug, and the counted late

apoptotic and necrotic MDA-MB-231 cells were

markedly less than the early apoptotic cells (Fig. 4

D).

In the treatments with PP and PP NPs, the number of

necrotic MDA-MB-231 cells showed a significant

decrease in comparison with the late apoptotic

cancer cells. In addition, the counted number of the

late apoptotic cells treated with EG and PP NPs was

significantly higher than that of the early apoptotic

ones at the corresponding treatments with EG NPs.

In the cells exposed to EG NPs, the number of

necrotic MDA-MB-231 cells was higher than in the

late and early stages of apoptosis.

The quantity of dead MCF-7 cells was much higher
than that of MDA-MB-231 cells, according to flow
cytometry. Both types of cells treated with PP, PP
NPs, EG, and EG NPs showed signs of apoptosis and
necrosis. Our results proved that PPNPs are highly
effective against late apoptosis in MCF-7 (13.6%)
compared to late apoptosis in the MDA-MB-231
(11.8%). EG NPs are highly effective against necrotic
MDA-MB-231 (38.6%) compared to the necrotic
MCEF-7 cell line (23.5%).

Discussion

Despite the expansion of new therapies against
cancer, cancer resistance to drugs still represents a
major impediment to successful treatment [23]. The
development of new drugs from natural resources in
the oncology field represents a promising hope
because conventional chemotherapeutic treatments
may have serious side effects and cannot be tolerated
by patients with deteriorating health conditions.
Moreover, chemoresistance has become another
rising obstacle when conventional chemotherapeutic
drugs are considered. Studies have recently
concentrated on the anticarcinogenic properties of
green tea extracts, hoping that this line of treatment,
when used in combination with chemotherapeutic
drugs, would increase their efficiency and reduce
their doses [3, 5, 7].
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Fig. (4): A] MCF-7 cancer cell line apoptosis using a
flow cytometer, B] MDA-MB-231 cancer cell line
apoptosis using a flow cytometer, Annexin V/PI
positively (and/or) negatively for cancer cells treated
with PP, PP NPs, EG, and EG NPs compared to
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control. C] The early and late stages of apoptosis as
well as necrotic MCF-7 cancer cells and those exposed
for 24 hours to the drugs (PP, PP NPs, EG, and EG
NPs). D] The early and late stages of apoptosis as well
as necrotic MDA-MB-231 cancer cells, and those
exposed for 24 hours to the drugs (PP, PP NPs, EG,
and EG NPs).

In the present study, the green tea was extracted into
PP and EG. On the other hand, its effect was either
individually or encapsulated in nanoparticles.
Encapsulation of the medications in polymeric NPs is
a great technique for accurate delivery [24]. The MCF-
7 and MDA-MB-231 were chosen as cancer cell
models due to the widespread incidence of breast
cancer, which represents the most common cancer-
causing morbidity and mortality among women
worldwide [25].The results of the cytotoxicity studies
showed that PP NPs, EG NPs, and PP and EG were
cytotoxic to MCF-7 and MDA-MB-231 in vitro in a
descending manner, whereas nano-void was devoid of
a detectable antitumour effect. These results may be
due to the fact that GT and its extracts are composed of
caffeine (chlorophyll, lipid, carbohydrate, oil, fats,
etc.). Having various molecular weights, catechins and
flavanols also comprise low molecular weight
compounds (PP and EG), which are stable in a wide
range of pH levels, from acidic to alkaline. In neutral
and alkaline mediums, EG is less stable because the
basic medium traces and attacks the hydroxyl groups
of the phenyl ring of EG, resulting in EG oxidation [1].
The current study output is in parallel with our recently
published papers regarding CS and hyaluronic acid
nanoparticles for treating colon and breast cancer. The
synthesized NPs had a specific binding affinity with
the CD44 receptor on cancer cells, which allowed the
NPs to tackle the colorectal cells in a targeted manner
[20, 26, 27].

Previous research has demonstrated that the PPs found
in green tea leaves are a strong antioxidants. Its
curative properties for a variety of pathological
conditions, diseases, and disorders have been
researched. As it displayed no significant toxicity at
regular levels, it is a substance that can be consumed
without risk. Strongly effective against human breast
cancer cells are EG and PP [2, 8, 28-30].

When used for their antitumour properties, PPs have
anti-cancer  effects by regulating apoptosis,
development, invasion, and angiogenesis. Moreover,
inhibiting cancer cell development, metastasis,
invasion, and activating apoptosis in cancer cells are
only a few of the ways that EG can interfere with
cellular signalling and metabolic pathways. However,
it has no effect on normal cells [6, 9, 31, 32].
Researchers studying cancer have mostly accepted a
novel therapeutic approach that combines GT
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catechins with anticancer drugs. Tea PPs can enhance
anticancer activities and functional differences [7].
Bhattacharjee and Bharadwaz reported that solvent
extraction is a successful method for removing PPs
and caffeine from dried tea leaves. It has been
discovered that this approach depends on factors such
as solvent type, temperature, solution pH, etc. The
effectiveness of the equipment used determines how
many extraction phases are necessary. It is the
technique now used in industry for massive production
processes. In the present study, we used the solvent
extraction method (HPLC system) to extract PPs from
green tea leaves, agreeing with this method because of
its low-cost equipment, rapidity, and easy of handling
[18].

The present results showed that the component with
the highest percentage concentration of PPs is EG
(7.99%). Bhattacharjee and Bharadwaz, in their
study on the extraction of PPs from dried tea leaves,
found that the highest percentage concentration was
EG (5.099%). Lee and Lee studied catechin (EG)
extraction behaviour using GT to gather first-hand
information on extracting material. The extracted
solution's catechins (EG) were identified using the
analytical HPLC system. The amount of EG in green
tea extracted was 0.90~0.30 mg/g [19]. It can be seen
that the present results showed that the same amount of
EG in green tea was extracted by the HPLC system
using ethanol solvent compositions when the
extraction time (20 min) remained constant in the
range of 1.1~0.57 mg/g. The vast majority of herbal
phytoconstituents now use nanoparticles as a drug
delivery method to increase their therapeutic efficacy
[33].

Luo extracted four catechins from green tea
polyphenols by HPLC analysis, including two minor
non-ester catechins (EGC and EC) and two major ester
catechins (EG and ECG). Of these four catechins
obtained by three conventional methods (UAE-
ethanol, ethanol extraction, and hot water extraction),
the content of EG was the highest, followed by ECG,
EGC, and EC. The catechins were reported to mainly
contribute to the antioxidant properties of the green tea
infusions [34]. The results obtained herein approved it,
showing that EG had the highest content.

In this investigation, we created PEG-Cs nanoparticles
loaded with PP and EG and assessed their anticancer
potential against breast cancer cell lines. Regarding
this, a solution of polyethylene glycol or chitosan was
prepared and then added to a solution of aqueous
polyvinyl alcohol (PVA). A technique used to create
nanoparticles is the modified single emulsion solvent
evaporation method. This technique creates polymer
nanoparticles with great stability [21].

Another study performed a more rigorous analysis of
self-assembled nanoparticles' size-dependent tumour
penetrating capability. It showed that smaller particles
could penetrate cancerous cells more than their larger
free counterparts [20]. These observations of the nano-
sizes of the PP and EG NPs were in agreement with

Egypt. J. Chem. 67, No. 3 (2024)

the current NPs' physicochemical properties, where
our results recorded that the particle size of the
synthesized  nanoparticles was around 250
(255.2+7.42) nm for the PP nano-formulation and
around 91.13+2.5 nm for the EG nano-formulation.
The polydispersity index was 0.5+0.00 and 0.3+0.01,
respectively. The zeta potential was (+27.2 +4.5 and
+37.64+6.32) mV, and the EE% of PPNPs and EGNPs
were 87% and 93.5%, respectively. This means that
EGNPs are more stable with a very high EE (93.5%)
because of their low average nanosize.

The results of the cytotoxicity studies recorded in the
present work revealed that the PP NPs were more toxic
to the cell lines than any of its extractions with a lower
ICso value. It seems that the more toxic components
available, the higher the chance of developing
cytotoxic outcomes in cancerous cells. This
interpretation is supported by the present results,
which show that the ICsp values of the PP and EG were
higher than those of the nano-PP and EG. The
observation was that the PP and EG NPs were more
toxic than PP and EG. In addition, increasing
cytotoxicity led to decreasing cell viability, which was
concentration-dependent. According to [35], in their
study on the mechanism of EG promoting apoptosis of
the MCF-7 cells, and Yiannakopoulou, in his study
on the mechanisms of action of green tea catechins in
breast cancer, focusing on the interaction between
survival and apoptosis, this effect appears to be
common with cell lines [36]. Additionally, in their
research on gold nanoparticles, Balakrishnan found
that MCF-7 and MDA-MB-231 were subjected to
apoptosis [37].

The decrease in cell viability in the cancerous cells
was in agreement with previous studies, which
suggested that liver and lung cell death may be caused
by knocking down HOTTIP epigenetic expression [38]
and that long noncoding RNAs may be enrolled as
epigenetic modulation [39].

In MCF-7, Yiannakopoulou demonstrated the anti-
tumour activity of EG. For 24 hours, MCF-7 cells were
grown with or without EG. Increasing EG
concentrations and a cell proliferation assay were used
to assess the impact of EG on MCF-7 [35].
Balakrishnan discovered that free Qu and AuNPs-Qu-
5 (gold nanoparticles) reduced the viability. In MCF-7,
AUNPs-Qu-5 showed an ICsp value of 50 uM, while
after 24 h, AuUNPs-Qu-5 treated MDA-MB-231
showed an ICsp value of 100uM. The ICso values for
free Qu for MCF-7 and MDA-MB-231 were 100 uM
and 125 pM, respectively. No significant cytotoxicity
was displayed by free AuNPs towards cancer cell lines
[37].

In the present work, the cytotoxicity studies
showed that the 1Cso values of PP NPs and EG NPs
over the MCF-7 were 26.85 uM and 27.76 uM,
respectively, compared to the MDA-MB-231,
where the 1Cs values of PP NPs and EG NPs were
41.86 pM and 41.59 pM, respectively. The
decrease in the 1Cso value of PP NPs against MCF-
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7 is more cytotoxic. Furthermore, PP NPs had the
highest cytotoxic effects at 100 uM with 9.39+0.47
and 10.76+0.53 % of MCF-7 and MDA-MB-231,
respectively. On the other hand, the cytotoxic
effects of EG NPs at 100 uM were observed in
14.01+0.70 and 16.17+0.81 % of MCF-7 and
MDA-MB-231, respectively.

The current finding is consistent with that of Chao
You Huang, who found that EG treatment
significantly increased the apoptotic rate in MCF-7
cells compared to the control. MCF-7 treated with
EG (0 ~ 120 uM) had a dose-dependent inhibition
of their ability to grow, with an ICso (the half
maximal inhibitory concentration) of 37.684
umol/l. Cells treated with EG at a high
concentration (120 pM) showed severe inhibition
of their ability to grow [40].

A distinct and significant form of programmed cell
death called apoptosis includes the elimination of
abnormal cells that are detrimental to tissue
homeostasis and growth. The induction of
apoptosis is frequently an anticancer drug's most
important mode of action [37].

Our morphological and ultrastructural results in the
present study using flow cytometry assays
demonstrated various degrees of cell damage that
reached apoptosis and necrosis. In the treatments
with EG and EG NPs, the number of necrotic
MCF-7 cells showed a significant increase (27.6%
and 23.5%, respectively), compared with PP and
PP NPs, where the number of late apoptotic cells
increased by 7.77% and 13.6%, respectively. On
the other hand, the counted number of the late
apoptotic cells treated with EG and PP NPs was
significantly higher than that of the early apoptotic
ones at the corresponding treatments with EG NPs.
In the cells exposed to EG NPs, the number of
necrotic cells in MDA-MB-231 was greater than
that of those in the late and early stages of
apoptosis.

Wei investigated the theory that EG in nano-
formulation induces apoptosis, which results in a
reduction in cell proliferation [30]. According to
Huang, EG-treated MCF-7 cells had a
considerably higher rate of apoptosis than the
control group. In this instance, the EG and the
control groups' respective apoptotic rates were 1.37
and 5.83%, respectively [3]. The results
demonstrate that EG inhibits MCF-7 cells from
proliferating while promoting apoptosis in these
cells.

Conclusion: The synthesized PP NPs and EG NPs
provided a great effect against resistant human
breast cancer cells via the modulation of cell death-
mediated apoptosis.
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