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In the present investigation, the potential cytotoxic impact of
catechin (Cat) combination therapy was examined, a highly polyphenolic
compound extracted from black grapes (Vitis Vinifera L.), and Docetaxel
(DTX) against prostate cancer cells (PC-3 cells) using Sulforhodamine B
(SRB) assay. After extraction and characterization with HPLC
chromatography, and evaluation of the Cat extraction, the 1Csy, doses of
treatment groups were identified in the PC-3 cell line: DTX therapy, Cat
therapy, DTX + Cat treatment (1:1 volume), and untreated cells used as
controls. The results show that the treatment with DTX, Cat, or their
combination dramatically reduced the total number of PC-3 cells that
survived. Also, the treatments induced DNA breakdown as indicated by
DNA fragmentation assay causing clear cellular toxicity and apoptosis to
the prostate cancer cells. The morphological changes seen after treatment
with each drug alone were cell shrinkage, cell rounding, detaching,
floating and obvious cell swelling and rupture indicating apoptotic
features. Treatment with the combination of both compounds has shown
more prominent rounded cells with more obvious apoptotic features than
each treatment alone. In conclusion, Cat induced strong cellular
cytotoxicity to prostate cancer cells, while it promotes the
chemotherapeutic activity of DTX when administered in combination.
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Introduction

One of the malignant diseases is
prostate cancer (PC) that is becoming
more common among men (Okamoto et
al., 2020). Prostate cancer ranks fourth
globally among malignant neoplasms
that cause mortality in men, according to
epidemiological  statistics. Due to
smoking, it is becoming more common
in male patients. According to Globocan
2022, prostate cancer is anticipated to be
the fourth most common malignant
neoplasm in Egypt, accounting for 2,102
fatalities and 5,181 new cases per year
(Sung et al., 2021).

Chemotherapy, surgery, and natural
products are approaches for cancer
2018).
Chemotherapy is the most popular

therapy (Wang et al,
cancer treatment, despite having plenty
of side effects. Organic compounds can
be used as a treatment on their own or in
conjunction with traditional
chemotherapeutic drugs (Lin et al.,
2020). Several natural substances have
demonstrated in clinical trials the
efficacy in Kkilling malignant cells,
including flavonoids, phenols, terpenes,
and alkaloids (Bisol et al., 2020).

The Mediterranean region frequently
grows Vitis vinifera L. (black grapes); a
crop that is rich in bioactive substances
that support the body's defense processes

(Haseeb et al., 2019). The polyphenolic

molecule Cat, which is most prevalent in
black  grapes, has demonstrated
therapeutic effects against many cancer
types in vivo and in vitro, making it a
prospective candidate for anticancer
therapy (Cheng et al., 2020). The main
pro-apoptotic  gene  p53  (tumor
suppressor) is responsible for inducing
apoptosis. It also triggers DNA repair
and activates G1/S and G2/M phases of
cell cycle checkpoints. The Bcl-2 gene
family is responsible for inducing
apoptosis. Bax, a member of this gene
family, releases cytochrome C from the
inner-membrane gap in the mitochondria,
acting as one of the downstream
mediators of the apoptotic dependent on
the tumor suppressor gene p53. It moves
from the cytosolic to the mitochondrial
as well as initiates the caspase cascade,
which is the preparatory step toward the
final stage of apoptosis (Huska et al.,
2019).

Docetaxel (DTX) is an anti-tumor
antibiotic that is made from Yew tree
needles and is a member of the toxoids
class of anti-cancer drugs (Montero et
al., 2005).

antitumoral action, it is effective as a

Because of its broad

chemotherapeutic drug for treating a
variety of carcinomas, such as stomach,
prostate and soft tissue (Lin et al., 2012).
This prevents the normal assembling of
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microtubules into the mitotic spindle,
which terminates the cell process during
G2/M. Moreover, tumor cells frequently
express the Bcl-2 protein to prolong their
life, and inhibiting this gene makes it
simpler for tumor cells to undergo
apoptosis (Jiang et al., 2018). Recently,
combination therapy referred to the
treatment of a disease with two or more
medications (Salim et al., 2023).
Accordingly, the current investigation
aimed to investigate the potency of Cat
and DTX combined therapy compared to
the potency of each medication
separately. Furthermore, using
biochemical and molecular parameters,
the investigation assessed the underlying
processes related to the anticancer
of Cat, DTX, and their
combinations.

Material and Methods

effects

Chemicals: Docetaxel (DTX)
(Sanofi/Aventis U.S.A LLC Bridgewater,
Newjersy 08807A) was extracted as a
pale yellow to brownish yellow,
sterilized non-pyrogenic fluid.

Cell line and cell culture
Nawah Scientific Inc. provided the
human PC-3 prostatic cancer cell line
(Mokatam, Cairo, Egypt). The cells were
cultured in DMEM medium with 10.0
percent heat-inactivated fetal bovine
serum added as a supplementary
component, streptomycin (100.0 mg/mL),

and penicillin (100.0 units /mL) were
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used in a humidified 5.0 percent (v/v)
CO; incubator (37°C). The viability of
cells has been assessed using the SRB
test. The 96-well plates containing
aliquots of 100.0 uL suspended cells
(5x1073) were incubated for 24 hours
with a full medium. After that, the cells
were given an additional 100 pL aliquot
of media with various drug doses (0.01,
0.1, 1.0, 10.0 and 100.0 pm).

Following a 48-hour drug treatment,
after an hour of incubation at 4 degrees
Celsius, the cells were fixed by adding
150.0 pL of ten percent TCA to the
solution. The cells are rinsed five times
with distilled water after the TCA
solution is removed. Following the
addition of 70.0 pL of SRB solution (0.4
percent w/v), the mixture was incubated
for 10 minutes at room temperature in
the dark. Following the elimination of
the TCA solution, the cells are washed
five times with distilled water. After
adding 70.0 pL of SRB solution (0.4
percent w/v), then incubated at room
temperature in darkness for ten minutes.
The used plates were thoroughly washed
3 rounds in one percent acetic acid and
then were left to air dry for a full night.
Following that, 150.0 uL of TRIS (10.0
mM) was used to liquefy the SRB-
bounded
BMGLABTECH®-FLUO star Omega

microplate reader (Ortenberg, Germany)

protein  staining and a
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was used to detect the absorbance at 540
nm.

HPLC qualitative analysis

Following Singh's approach, the cat was
obtained via a Waters 2690 Alliance
HPLC system that included the Waters
array detector (996 photodiode) and
high/performance liquid chromatography
(HPLC-DAD) (Raja et al., 2017).

DNA extraction & DNA
fragmentation assay
After being re-suspended in 0.5 ml of

lysis buffer, the cells were centrifuged at
14,000 rpm/RT for 5 minutes after
incubating for 1.5 hours at 37°C. The
supernatants have been transferred into
fresh tubes together with 25 ml of 4 M
NaCl (a final concentration of 100 mM)

and an equivalent volume of isopropanol.

After incubation overnight at -20°C,
tubes were centrifuged for 20-25
minutes at 14,000 rpm/RT. Then the

DNA pellets were dissolved in 30.0 -
50.0 ml of ddH20 containing 1.0 - 2.0
ml of RNase. The DNA concentration
was determined spectrophotometrically
after 1 hour of incubation at 37°C, and
5.0 pl of DNA per lane was run on a 1%
agarose gel to evaluate the DNA
fragmentation degrees. Non-fragmented
DNA displayed a smear shape on the gel
sheet following DNA
whereas fragmented DNA following

extraction,

treatment revealed itself as fragments
separated by a clear distance from the
cathode based on base pairs.

Results

HPLC qualitative analysis

HPLC-DAD

developed and validated to assess the

methodology was

molecular weight of Cat in black grapes
extract. The spectrum source shows that
the molecular weight of catechin is
(290.2 g/mol) (Fig.1).
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Fig.(1): Grape extract HPLC chromatograms displaying molecular weight. The Source of the
Spectrum Peak (1) in "+TIC SIM", lonization Mode ESI, Fragmentor Voltage: 135, Collision

Energy: 0.
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Cell viability data by SRB

The cell viability of PC3 cells after
treatment with Cat in Fig. (2) shows the
percentage of cell viability after 48 hrs
incubating of PC3 cells with various

concentrations of Cat. The findings
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demonstrate that, in a dose-dependent
way, the fraction of surviving cells
decreases as Cat concentrations increase.
The data presented in Fig. (2) show that
the 1Csy of Cat-treated cells were

calculated to be about 100ug/ml.
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Fig. (2): The percentages of cell viability after 48hrs incubation of PC-3 cells with different

concentrations of Cat.

Morphological changes after 48 h
incubation  with  1Csy  treatment
dosages of DTX and Cat

In general, the morphological change of
PC-3 cells treated via DTX, Cat, and 1:1
v/v. combination drug show mainly
apoptotic and cytotoxic changes as well
as unusual features compared to
untreated control cells (Fig. 3). The
modifications seen were generally as
follows: cells gradually shrank, were
rounded off, detached from the tissue
culture flask surface, and floated in the
culture  medium. Eventually, they
displayed pronounced cell swelling and
which

rupture, suggested apoptotic

characteristics. Treatment via a

combination of two compounds has
shown other prominent rounded cells
with more obvious apoptotic features as
compared with each treatment alone.

DNA fragmentation assay

DNA extraction & DNA
fragmentation test

It was determined using a DNA

fragmentation technique whether the
potential of treatment drugs, Cat, DTX,
or their v/v combination at the ICsg
concentration dosages could influence
the activation of cell death in PC-3. Fig.
(4) demonstrated that there was
essentially no apparent DNA
fragmentation when comparing the non-

treated cells at lane 1 to the other
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treatment groups. In comparison to the
control, the treated cells' DNA displayed
signs of DNA degradation. Importantly,
the gel documentation assay revealed

that there was a clear post-treatment

a strong ladder configuration. The DNA
ladder was stronger and more deleterious
in lane 4 of the v/v combination of Cat
and DTX than that of lane 3 of Cat

treatment which is in turn higher than
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DNA fragmentation pattern indicated by lane 4 of DTX treatment.
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Fig. (3): Morphological changes of PC3 cells: (A) untreated-PC3 cells, (B) cells administered with
DTX, (C) cells treated via Cat, and (D) cells treated via 1Cs, dose of v/v (1:1) combination of DTX
and Cat. Note morphological changes such as rounding of cells, shrinkage, and swelling.
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Fig. (4): A photomicrograph of agarose gelhours. Note the absence of a DNA ladder in lane 1
documentation demonstrating the assessment ofcontrol cells (CC). Also, note the stronger DNA
fragmentation of DNA using the electrophoreticladder fragments in the combination treatment in
examination of DNA obtained from PC-3 cells thatLane 4 (Mix) as compared with Lane 3 of Cat
were either treated or not treated with varyingtreatment (T1) followed by Lane 2 of DTX.
amounts of DTX and Cat, as well both, during 24
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Discussion

The most prevalent bioactive compounds
found in fruits, vegetables, seeds, and
other foods are called polyphenolic
substances. They have a variety of uses

in the prevention and cure of diseases,

notably cancer (Yessenkyzy et al., 2020).

A class of chemicals known as catechins
is polyphenols that are mostly found in
natural plants. They have anti-
inflammatory, antioxidant, anticancer,
and microvascular properties (Omori et
al., 2017). Furthermore, multiple studies
showed that catechin caused apoptosis in
several cell lines (Sari et al., 2019). In
vitro studies on several cancerous cells,
including breast, melanoma, and cervix
revealed that tea catechins inhibited
growth and triggered apoptosis (Payen
etal., 2017).

In our study, high-performance liquid
chromatography determined the
molecular weight of Cat being 290.2
g/mol. In line with the molecular weight
of the Cat that was computed via
PubChem 2.2 (Pub-Chem release of
2021.10.14) (290.27 g/mol). Also, the
obtained results of SRB of Cat could
inhibit the growth of PC3 tumor cells,
with the half maximal inhibitory
concentration being 100ug/ml, in line
with a previous result that showed the
ICsp values of Cat were 146.7+£5.1 pg/ml
(Song et al., 2014). Conversely, research

has indicated that Cat has both anti-
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proliferative and apoptotic properties on
cancer cells have shown that the treated
cells undergo morphological changes
such as nuclei fragmentation, shrinking
and floating of the cell membrane, and
intense DNA condensation (Gottesman
et al., 2002). The DNA extracted from
all the treated cells displayed DNA
damage when compared with the control.
The combination of DTX and Cat was
more potent and destructive to DNA
than the Cat treatment, and higher than
in the DTX treatment. These results are
consistent with other studies that show
the flavonoid's ability to cause DNA
fragmentation (Papiez et al., 2010).

One class of anticancer medications that
targets cancers including prostate and
breast cancer is called docetaxel (DTX),
which is derived from taxanes (Wang et
al., 2015). DTX is the first line of
treatment for prostate cancer, which has
an  anticancer effect on PC3
(Nevedomskaya et al., 2018).
Epigallocatechin gallate (EGCG), which
makes up approximately 50-60% of Cat
compounds, that are found in green tea,
is not harmful to normal cells or tissues;
EGCG

damage, which is beneficial for treating

however, lowers oxidative
and preventing tumors (Aggarwal et al.,
2022).  Additionally, EGCG is
demonstrated to enhance the sensitivity
of chemotherapy drugs and stop cancer

stem cells from becoming resistant to
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them, hence reducing the dosage needed
and adverse side effects like
nephrotoxicity —and  gastrointestinal
disturbances (Li et al., 2020). When
EGCG and DTX bind to different
tubulin sites in prostate cancer, they have
synergistic suppressive actions on the
targeted tubulin that cause cell cycle
arrest (Nafez et al., 2021). Additionally,
the anticancer drug's transportation and
absorption DTX were significantly
enhanced when combined with EGCG
(Jackson et al., 2016).

In this study, we found that the
antiproliferative impact of Cat in the
prostate cancer cells was accompanied
by obvious DNA breakdown indicating a
high level of apoptosis induction. Also,
this present work confirmed that Cat
combined with DTX, clearly enhances
its chemotherapeutic effect. Further, in
vivo studies are warranted before
application for human trials. In
conclusion, the present work has shown
Cat-enhanced induction of apoptosis
combined with DTX

chemotherapeutic drug. This work offers

alone, or

new mechanistic insights into the anti-
proliferative action of DTX and further
supports the potential advantages of
improving its efficacy as prostate cancer
chemotherapy.

Conclusion:

In conclusion, the present study has
shown the potency of the Catechin,

combination on inhibiting PC-3 prostate
cancer cells in vitro associated with
apoptosis. Cat induced strong cellular
cytotoxicity to prostate cancer cells,
while it promotes the chemotherapeutic
activity of DTX when administered in
combination.
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