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Abstract

Oral Squamous Cell Carcinoma (OSCC) is one of the most prevailing malignancies of the head and neck area. So far,
treatment methods are associated with harmful effects which drive attention towards natural compounds such as coffee.
The current study attempted to test the anti-cancerous effect of green coffee, medium roasted coffee and decaffeinated
coffee in OSCC cell lines and correlate the obtained results with their total phenolic content. We prepared coffee extracts
using soxhlet apparatus. Then, we purchased and sub-cultured OSCC-25 cell into four study groups. We subjected three
of those groups to coffee extracts separately. We left the remaining group without any treatment as a control group. We
assessed cell cytotoxic effect of each extract by MTT viability assay. Additionally, we evaluated the apoptotic effect of each
extract on OSCC-25 cell lines using flowcytometric analysis. Finally, we measured the total phenolic content in each coffee
extract. The results revealed that coffee extracts induced varying degrees of cell cytotoxicity and apoptosis. Green coffee
showed the highest cytotoxic and apoptotic effect followed by medium roasted coffee, then decaffeinated coffee. The total
percentage of necrotic cells were higher in the coffee extracts groups, compared to the control group with a higher value
in favor of green coffee followed by medium roasted coffee. Upon chemical analysis, the results showed that green coffee
extract contained the highest concentration of phenolic compounds followed by medium roasted coffee then decaffeinated
coffee extracts. We concluded that green coffee was the most potent anti-cancer extract. It seems plausible that coffee, and

particularly green coffee could be for treating of OSCC.
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1. Introduction

Head and Neck Squamous Cell Carcinoma (HNSCC)
is regarded as the sixth most prevailing cancer globally.
It is still a severe common health issue, affecting more
than 500,000 individuals each year'. Oral Squamous Cell
Carcinoma (OSCC) is a widely known malignant tumor of
the head and neck for nearly 90% of all tumors that affect
the oral cavity>. To date, the therapeutic procedures for
OSCCs have mainly been based on conventional methods
such as surgery, chemotherapy, and radiotherapy;
however, such therapeutic approaches cause adverse
effects’. Despite tremendous efforts made for adequate
diagnosis and treatment of OSCC, the five-year patient
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survival rate did not enhance during the past 30 years;
it remained stable at nearly 50% for about 60-80% of
undiagnosed patients. It has been classified as one of
the lowest survival rates for malignant diseases. Besides,
high numbers of patients experience poor response to
treatment as well as high rate of recurrence?.

There is an urgent need to develop novel therapeutic
strategies for patients with OSCC. Unexpectedly, some
anticancer drugs are mainly made from natural ingredients
derived from plants such as licorice root™°. Therefore, it is
worthwhile to screen these natural sources due to their
potentiality to prevent or treat cancer particularly OSCC.
One of the most recently studied natural products for
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its anticancer effect was coffee as well as its ingredients.
It has been recently brought to research scope due to its
promising biological effects and comparatively minor
systemic toxicity.

Coffee is one of the most widely consumed
beverages with an international consumption estimated
of 165.27 million bags during 2019-20207. It is a
complex beverage that has more than 1,000 diverse
phytochemical constituents among them, polyphenols,
caffeine, Chlorogenic Acid (CGA), and diterpenes®. The
concentrations and bioavailability of its constituents
depend on the type of coffee bean species, the origin, the
drying, brewing as well as roasting methods, in addition to
the methods of preparing the drink®. Green Coffee Bean
(GCB) refers to the unripe or unroasted coffee beans. It
contains a chemical mixture of diverse phytoconstituents
with variable physical and chemical properties'”.
Interestingly, the coffee bean roasting process results in
several changes to the chemical ingredients of GCBs''.

Concerning coffee and cancer risk, some earlier
research work indicated that an average daily consumption
of 750 mL of coffee is enough to stop carcinogenesis and
slowdown the progress of various kinds of cancer!?. Several
reports documented the inverse relation between coffee
consumption and risk of different types of cancer such as
hepatocellular carcinoma'?, melanoma'* and endometrial
cancer'®. Moreover, previous studies reported the chemo-
preventive effects of coffee against many kinds of cancers.
Research studies suggested that coffee inhibit cancer via
several ways, such as; anti-inflammatory effects, oxidation
inhibition and cancer cell death induction. Its chemo-
preventive features may be due to the presence of several
antioxidant compounds e.g., chlorogenic acid, caffeine,
diterpenes such as cafestol and kahweol.

To date, there is limited data that defines how coffee
may induce an anti-cancer activity and very few studies
have investigated the impact of decaffeinated coftee as well
as green coffee on OSCC especially at the cellular level1°-'%.
Based on this, the current study attempts to investigate
and compare the anticancer effect of Green Coftee (GC),
Medium Roasted Coftee (MRC) and Decaffeinated Coftee
(DC) on OSCC via assessing their effect on cell vitality,
cell apoptosis and necrosis. We also aimed to quantify the
total phenolic content in each coffee extract and correlate
this with their anticancer effect.

2. Materials

Streptomycin, penicillin, trypsin, FBS, and DMEM were
obtained from Gibco (Invitrogen, Grand Island, NY, USA).
Dimethyl sulfoxide (DMSO), 5-diphenyltetrazolium
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bromide (MTT), 3-(4,5- Dimethyl thiazol-2yl)-2, were
bought from Sigma-Aldrich (St. Louis, MO, USA). PI
double staining kit and annexin V-FITC were bought
from Biovision (California, USA). Coffee powder
(GREEN COFFEE, MEDIUM ROASTED COFFEE
AND DECAFFINATED COFFEE) was obtained from
local Egyptian markets (Abu Auf, Cairo, Egypt). All
other materials were of the highest grade commercially
available.

3. Methods

3.1 Coffee Extracts Preparation

One hundred grams of GC, MRC and DC were weighed
and soaked separately with 400mL of absolute methanol
for three days with frequent agitation. After that, we
filtered the extracts using Whatmann filter paper as well
as Soxhlet apparatus. Then, we re-soaked the residues with
fresh absolute methanol twice. We further concentrated
the extract filtrates a rotary evaporator (BUCHI Rotary
Evaporator R110, Buchi, Flawil, Switzerland) under low
pressure, then dried and stored at 4°C for later use. We
prepared a stock solution for each extract by adding
DMSO to 1 mg/ml of each extract. Subsequently, we
diluted the stock solution to the required concentrations
using (Phosphate Buffered Saline) PBS prior to use.

3.2 Cell Cultures

OSCC-25 cells (human tongue oral squamous cell
carcinoma cells) were purchased from the American Type
Culture Collection (ATCC, Manassas, VA) via VACSERA,
Cairo, Egypt. All cells were cultured in Dulbeccos
Modified Eagle’s Medium (DMEM) (Gibco, Grand Island,
NY) supplemented with 10% Fetal Bovine Serum (FBS),
penicillin-streptomycin 1% (v/v) (Gibco, Grand Island,
NY). The cells were cultured in 5% CO, incubator at 37
C in a humidified atmosphere. The medium was changed
regularly and the cells were sub-cultured every 3-4 days.

3.3 Cell Viability Assay

OSCC-25 cell lines viability was examined via using
MTT reagent (3-(4, 5- dimethylthiazol-2-yl)-2, 5-dipheny
Itetrazolium bromide. Cells were cultured in a 24-well
plate at a concentration of 1x106 cells/well. We added
the extracts of GC, MRC and DC with serial dilution
(100ug/ml, 10ug/ml, 1ug/ml, 0.1 pg/ml, and 0.01pg/ml).
Four untreated wells remained as control. MTT assay was
performed 48 h after treatments. Mixing solution was
prepared by mixing 1 ml PBS with 2 mg of MTT (Sigma-

http://www.informaticsjournals.com/index.php/jnr | Vol 21 (3) | July 2021



Aldrich) powder. The culture medium was altered with
150 ul fresh media, in addition to 50 pl MTT reagent (2
mg/ml in PBS); cell-free wells were regarded as blank
controls. Cells were incubated at 37°C with CO, at 5% and
a moist atmosphere for 4 h. After that, the MTT solution
was removed and 200 pl of DMSO were added to every
well. The plate was kept at 37°C for 30 min and after that
the OD (optical density) of the wells was measured 570
nm via a microplate reader (Thermo Scientific Multiskan
Spectrum, Thermo Fisher Scientific, Inc., Waltham, MA).
IC;, values for coffee extracts on OSCC-25 cell lines were
interpreted via Graph Pad Prism version 3.00 (GraphPad,
San Diego, CA).

3.4 Annexin-V/PI Dual Staining Assay

Apoptosis quantitative assessment was carried out via
Fluorescein Isothiocyanate (FITC) and Annexin V
Apoptosis Detection Kit (BD Biosciences, Waltham, MA).
First, cells were cultured at density (1.5x 10° cells) and the
IC,, value of each extract were added and incubated for
72h. Control group was left without any treatment. After
72h, cells were collected, washed twice via cold PBS, and
re-suspended with binding buffer. One hundred mL of
cells was transferred to a tube and incubated at room
temperature with 5 mL of propidium iodide (PI) as well as
5 mL of FITC-conjugated Annexin V (Annexin V-FITC)
for 15 minutes in dark room. The stained cells were diluted
with binding buffer and analyzed with a flow cytometer
(Becton Dickinson FACSCanto II (BD FACSCanto II, BD
Biosciences, Waltham, MA).

3.5 Total Phenolic Acid Measurements

Gallic acid stock solution of 1mg/ml in methanol was
prepared, and 7 serial dilutions were prepared in the
concentrations of 500, 250, 125, 62.5, 31.2, 15.6, and
7.8ug/ml. Solutions of sample labeled GC, MRC and
DC were prepared in concentration of 3 mg/ml in water.
The results were recorded using: gallic acid standards
and coffee sample. Each of the 7 standards and the
sample were pipetted in the plate wells in 6 replicates.
Measurement was performed at 765 nm using Hitachi
ratio beam spectrophotometer. It is measured as Gallic
Acid equivalents GAE/g of dry plant material according
to the regression curve expressed in ug of gallic acid
equivalent/mg of dry extract.

4, Statistical Analysis

Data was encoded and processed via SPSS version
25. Microsoft Excel sheets were employed for data
manipulation as well as for making the graphic
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presentation. Quantitative variables were presented as
Mean and Standard Deviation. Comparisons between
treated groups and control groups was done by one-way
analysis of variance (ANOVA), and then followed by
post hoc Tukey's test. P-value was considered as follows:
P-value > 0.05, not significant, P value < 0.05, significant,
P value < 0.001, highly significant.

5. Results

5.1 Cell Viability and IC 50 Values

The results showed that coffee extracts induce cell
cytotoxicity which is directly proportional to coffee
concentration. GC showed the highest cytotoxic effect
followed by MRC, then DC. Table 1 represents the mean
IC,, values for each coffee extract.

Table 1. 1C;, values for GC, MRC and DC

Experimental groups IC 50 ug/ml
Green coffee 17.1£0.69
Medium Roasted Coffee 57.95+2.28
Decaffeinated Coffee 103.32+4.52
5.2 Assessment of Apoptosis using

Annexin-V FITC/PI Dual Staining Flow
Cytometry Assay

Flowcytometric analysis indicated a remarkable reduction
in the percentage of viable cells when exposed to
coffee extracts compared to control group. The overall
percentage of early and late apoptotic cells as well as
necrotic cells showed high significant values in all study
groups compared to control. The results are represented
in Table 2, in a stacked column chart (Figure 1) and in
Figure 2 (a, b, cand d).

When the average values for each incident were
compared, the GC and MRC extracts showed a reduction
in the proportion of viable cells as well as a significant
increase in early and late apoptotic cell subpopulations
more than the control group (p < 0.001). Likewise,
the effect of DC extracts on OSCC-25 cells resulted in
a statistically remarkable increase in early apoptotic
cell subpopulation (P< 0.021) and late apoptotic cell
subpopulations (p< 0.016) compared to control group.
Furthermore, there was no significance difference in the
percentage of necrotic cells between MRC and GC (P
<0.106).
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Table 1. Average percentage of apoptotic and necrotic cells in OSCC-25 cell cultures incubated with GC, MRC and
DC compared to control group.

Negative

GC MRC DC P Value
Control

Total apoptotic

cells 1.62+0.09 17.99+1.33 7.55+0.91 4.74+0.48 <0.007%*

Early apoptotic

cells Mean%+SD

Late apoptotic
cells

Necrotic cells 0.37+0.05 2.18+0.22 1.83+0.18 1.14+0.22 <0.007**

0.91+0.03 7.92+0.52 2.44+0.35 1.94+0.13 <0.007**

0.33+0.04 8.26+0.52 3.66+0.49 1.84+0.41 <0.007**

20 17.99

1.33
18

 Control
16
14
12

10

Total Apoptotic Cells Early apoptotic cells Late apoptotic cells Necrotic cells

Figure 1. Astacked column chartdemonstrating the ratio of necrotic as well as apoptotic cells in the studied experimental
groups versus the control group. Data are presented as the mean + standard deviation of the mean. **P<0.001,
flow cytometry.
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Figure 2. AnnexinV/Pl dual-staining assay of OSCC-25 cells treated with coffee extracts after 72h for control (2a), GC (2b),
MRC (2¢) and DC (2d) groups. The Y axis stands for the group labeled PI, while the X axis stands for the Annexin
V labeled FITC positive cells. The lower part of the dot plot towards the left represents viable cells, while lower
part of towards the right stands for the early apoptotic cells. The upper part of the dot plot towards the right
demonstrates the late apoptotic cells whereas the upper part towards the left represents necrotic cells.

5.3 Total Phenolics Measurement

It was clearly observed that all samples had a plausible
number of phenolic compounds. Nonetheless, the overall
phenolic compounds in GC extract were remarkably (p<
0.05) higher compared to MRC and DC. Total phenolic

compounds 247.8889+ 0.03 mg / g (GAE/g DW),
222.75+ 0.04 mg / g (GAE/g DW) and 157.63+ 0.01 mg/g
(GAE/g DW) were found in GC, MRC and DC extracts,
respectively. Variance analysis demonstrated that there is
a marked (p< 0.05) difference between the total phenolic
in the GC as well as MRC extracts.
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6. Discussion

OSCC represents 90% of oral cancers and according to the
latest WHO data in 2017; it is responsible for about 0.23%
of total deaths in Egypt'”. Despite complex diagnostic
modalities, most cases are diagnosed at late stages with
a poor prognosis and a low survival rate about 50%%.
Surgery, radiotherapy, and/or chemotherapy, remain the
main strategies for managing OSCC*'. However, their
adverse side effects encouraged the researchers to find new
therapeutic approaches with limited side effects, improved
anti-carcinogenic and chemo-preventive properties.

Coffee is a widely consumed natural beverage that is
prepared in several different ways, and the roasted form
is the most consumed drink due to its special aroma and
tasty flavor22, Recently, GC consumption has become more
prevalent as a primarily nutritional aid to lose weight?.
Nevertheless, several studies on the antioxidant activity
of RC have reported controversial results. In addition,
the antioxidant activity of GC as well as DC needs further
investigation specifically in oral cancer’*?>. That’s why we
conducted our study.

Firstly, the MTT assay was conducted in order to
investigate the impact of various coffee extracts on the
viability of OSCC-25 cell lines. The findings showed a
marked dose-dependent reduction in viability of OSCC-
25 cell lines with significant differences between all
groups studied. GC extract showed a significant decrease
in cell viability at the lowest concentration followed by
MRC. This can be attributed to the high total phenolic
and CGAs content present in GC extract. The lowest cell
viability indicated the highest cytotoxic potentiality of the
extract. This finding is consistent with the findings of Rao
and Nadumane, 2016 that reported that GC had a potent
cytotoxic effect against ovarian and cervical cancer cell
lines®.

In contrast, Mojica et al., 2018 found that GC had
a less cytotoxic effect against OSCC cell lines compared
to light and medium roasted coffee. They reported that
even with therapeutic methods that depend on a high
concentration of coffee extracts, the cell viability of normal
cells was slightly affected compared to cancer cell lines'”.
Moreover, Cho et al., 2014 found that lightly roasted coffee
offers the greatest antioxidant activity compared to larger
roasted coffee as well as unroasted coffee?’. This cytotoxic
capability of MRC is due to the concentrated caffeine
exceeding its GC value as determined by chemical analysis
of coffee extracts. It may also be due to the formation of
phenolic as well as melanoidins throughout the roasting
process, preventing oxidative damage to cells?.

DC exhibited the least cytotoxic effect on OSCC-25
cell lines which can be related to its reduced bioactive

Journal of Natural Remedies | ISSN: 2320-3358

compounds and caffeine deficiency as well as CGAs which
was confirmed by chemical analysis. The substantial
cytotoxic effect of DC may be induced by the residual
phenolic content or it may be due to other compounds
formed during the roasting of decaffeinated GC beans
such as melanoidins that have significant antioxidant
activity”.

As a main objective of cancer therapy, apoptotic
potentiality induced by GC, MRC &DC extracts in OSCC-
25 cell lines were studied using the Annexin V-FITC/PI
assay to differentiate between necrotic and apoptotic cell
death. Negative control cells exhibited negative staining of
live cells Annexin-V while GC, MRC as well as DC-treated
OSCC-25 cell lines indicated positive staining of both
Annexin-V and Annexin-V/PI indicating early as well as
late apoptosis, respectively. GC, MRC and DC decreased
OSCC-25 cell viability and increased the percentage of
total apoptotic cells after 72 h of incubation. Moreover,
there was a marked increase in necrotic cell death than in
unexposed cells.

GC treated cell lines showed the largest proportion
of overall apoptotic and necrotic cells followed by MRC,
then DC. The percentage of total apoptosis was more
significant than necrotic cells among all groups studied.
Interestingly, both GC and MRC groups showed a higher
percentage of late apoptotic than early apoptotic cells
while DC showed reverse results. These results can be
attributed to the high overall concentrations of phenolic
compounds in the GC as well as in MRC which have been
reported to have a regulatory role in cancer cell apoptosis
and autophagy via the production of ROS that activates
intrinsic pathway by disrupting mitochondrial membrane
integrity in addition to regulation of autophagy*>>.

Among coffee phenolic compounds, CGA has the
highest concentration in GC group and is associated with
the highest percentage of necrotic and apoptotic cells.
Wang et al., 2019 investigated the anti-cancer effect of
CGA and reported that CGAs have the ability to induce
apoptotic cell death as well as inhibit cell proliferation.
CGAs have been reported to trigger apoptosis via
inducing hydrogen peroxide production, stimulation
of several caspases mainly caspase-3, besides activating
mitochondria-dependent ~pathways®***. Furthermore,
caffeine may contribute to the induction of apoptosis in
various cancer cell lines via several pathways*°. It can
inhibit cell proliferation and induce cell apoptosis by
activating the caspase-9/caspase-3 pathway’’.

Based on these data, we suggested that phenolic
compounds and caffeine significantly contribute to
the potential of coffee extracts as the GC which has the
highest phenolic content, CGA as well as considerable
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amount of caffeine, showed the highest percentage of total
apoptosis. In the same context, MRC with lower phenolic
content and CGAs than GC, however it has the highest
caffeine content, after GC regarding the total percentage of
apoptotic cells. This means that the phenolic compounds
including CGAs are more effective in inducing cell
apoptosis than caffeine. This is also supported by ability of
DC to induce apoptosis and necrosis despite deficiency of
caffeine and CGA.

After quantifying total phenolic (GAE in the extracts of
GC, MRC and DC), the current data revealed that GC
has highest amount of total phenolic followed by MRC
then DC which is compatible with the findings reported
by Mojica et al.'’”. They demonstrated that GC has higher
total phenolic and CGAs than MRC, and thus promotes
more cytotoxic effect.

With regard to DC, our results showed lower content of
phenolic compounds. To date, there have been limited
studies assessed the impact of decaffeination process on
the chemical composition of coffee. Decaffeination process
is known to occur before roasting, besides it is often made
by organic solvent extraction method. Moreover, using
water as a solvent during the decaffeination process might
lead to a loss of CGA and related compounds™.

By combining knowledge of anticancer assays in this
study, it can be demonstrated that the anticancer effect
of coffee extracts could be related to its phenolic content.
This means that total amount of phenolic content is
valuable for predicting the anticancer effect of coffee as
GC contains a large number of phenolic compounds
which exert their anticancer effect on OSCC-25 cell lines.
Several other components which were proved to have a
potent anticancer effect on several types of cancer, such
as; cafestol, kahweol, tocopherols and trigonelline may
contribute to the anticancer effect of DC in this study™.

Furthermore, the present study also supports the
cytotoxicity hypothesis of coffee against OSCC cell lines.
The study indicates that coffee has anticancer effect on
OSCC through induction of cellular cytotoxicity, and
apoptosis. The findings of the current study are consistent
with the current results that several epidemiological
evidences indicate a decreased risk of developing cancer
induced by coffee intake*’. Many clinical studies proved
that caffeinated coffee beverages are associated with
lower risk of cancer, unlike decaffeinated coffee, which
is consistent with our results which showed decreased
anticancer effect in DC groups*!.
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In this study, the anticancer capacity observed in GC
followed by MRC, while DC has the least anticancer effect.
We also observed that GC has the highest total phenolic
compounds which have been reported to be characterized
by a potent antioxidant capacity both in vivo and in vitro*>.
The potent inhibitory action of phenolic compounds
inhibits the mechanism of carcinogenesis.

Overall, based on our data and previous research works,
our study underlined that it is obvious that the coffee
especially GC has a primary anticancer effect against
OSCC making it a promising chemo-preventive and
chemotherapeutic agent for oral cancer treatment.

7. Conclusion

Coffee has anticancer effects and it interferes with
carcinogenesis in different ways as it negatively affects
cell viability. It also results in induction of cell apoptosis
and necrosis. GC has the most potent anticancer activity
among all the studied coffee extracts because of the high
content of bioactive antioxidant compounds. We observed
that coffee roasting reduces the total phenolic amount.
The decaffeination of coffee also reduces the percentage
of total phenolic compounds which significantly weaken
the anticancer action of coffee. The findings of this study
provide some useful data about developing effective
prevention techniques as well as novel therapeutic
regimens to enhance human health.
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