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Abbreviations: C, catechin; CC, cocoa polyphenol extract; CF, coffee polyphenol extract;
CFDA-SE, carboxyfluorescein diacetate succinimidyl ester; CMF-DA, 5-
chloromethylfluorescein diacetate; CTRL, control, cells not treated with polyphenols; DHE,
dihydroethidium; DiOCg, 3,3'-dihexyloxacarbocyanine iodide; ECG, epicatechin-3-gallate;
EGC, epigallocatechin; EGCG, epigallocatechin-3-gallate; FCS, fetal calf serum; GAE, gallic
acid equivalents; GSH, reduced glutathione; GT, green tea polyphenol extract; H,DCF-DA,
2, 7-dichlorodihydrofluorescin diacetate; MFI, mean fluorescence intensity; mTMP,
mitochondrial transmembrane potential; MTT, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide; NBT, nitro blue tetrazolium; PCF, proliferating cell fraction;
PCI, proliferating cell index; PI, propidium iodide; ROS, reactive oxygen species; SOD,

superoxide dismutase; TEMED, tetramethylethylenediamine.
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36 The in vitro anti-cervical cancer potency of tested polyphenol extracts is exhibited in the
37  following order: green tea>coffee>cocoa, with only green tea showing both pro-oxidative and

38  anti-proliferative action.
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ABSTRACT

It has been shown before that dietary polyphenols possess cancer chemopreventive effects.
As cervical cancer is the second leading genital malignancy in women after breast cancer, the
anti-cervical cancer effects of polyphenol extracts of commonly used beverages (green tea,
coffee and cocoa) were tested and compared in HeLa cells. All extracts induced apoptosis of
HeLa cells, but green tea was the most potent. However, as opposed to green tea which
induced strong anti-proliferative response in HeLa cells, coffee and cocoa extracts promoted
the proliferation of surviving cells. After short-term exposure, green tea and coffee extracts,
but not cocoa, induced formation of intracellular reactive oxygen species. Only green tea
extract increased production of superoxide anion radical and decreased reduced glutathione
levels. Gene expression of Cu/Zn and Mn-superoxide dismutase or catalase was unaltered in
cells treated with extracts, but green tea partially inhibited catalase activity. Cytotoxic activity
of green tea and coffee extracts was partially inhibited by vitamin C. The in vitro anti-
cervical cancer potency of tested polyphenol extracts is related to their pro-oxidant and anti-
proliferative activities and exhibited in the following order: green tea>coffee>cocoa, with

only green tea showing both pro-oxidative and anti-proliferative action.
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INTRODUCTION

Polyphenols are widely distributed in human diet and are mainly known for their antioxidant
activity.! As antioxidants, polyphenols may protect cell constituents against oxidative
damage. However, it has become clear that in complex biological systems, polyphenols also
exhibit pro-oxidant activity and several additional properties that are independent of
immediate antioxidant/pro-oxidant activities. Through these mechanisms of action, dietary
polyphenols could interfere with cell signaling and modulate expression of transcription

factors which control cell survival, transformation and apoptosis.”

Cervical cancer is the second leading cause of cancer deaths in women worldwide with
500,000 new diagnoses annually, most occurring in the developing world.? A large body of
evidence from epidemiological and experimental studies indicates that dietary polyphenols,
especially green tea catechins such as epigallocatechin-3-gallate (EGCG), act as effective
chemopreventive agents towards different organ specific cancers.” Epidemiological data of
green tea consumption and its chemoprevention against cervical cancer are still lacking or are
under the way.'® Ex vivo data demonstrated that EGCG induced apoptosis in cancer cells in
more than 50% of women with cervical cancer.'" In almost 70% of green tea extract-treated
patients with different stages of cervical cancer significant anti-cancer effects were present,
when compared to the untreated group.'? In addition, there are several in vitro studies
addressing the anti-proliferative and apoptotic mechanism of green tea polyphenol extract or
EGCG in HeLa cell lines, a type of immortalized cervical carcinoma cell line."*'® Except for
one study investigating the effects of spent coffee beans extract," there are no studies
examining the potential anti-cancer effects of coffee and cocoa polyphenol extracts on HelLa

cells or any other kind of cervical cancer cells.
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In the current study, we have investigated the effects of green tea, coffee and cacao
polyphenol extracts on viability, cell cycle, and proliferation of HeLa cells. All extracts were
previously characterized and precise data on their polyphenol composition were reported by

1.%° and Stojadinovic et al.*! In addition, we tried to explore the mechanism of

Tantoush et a
the anti-cancer action of polyphenol extracts by studying apoptosis and onset of early

oxidative stress. Our experimental data suggest that there is a causal link between the

polyphenol pro-oxidant and cytotoxic action in HeLa cells.
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EXPERIMENTAL

Reagents

RPMI-1640 medium was purchased from PAA The Cell Culture Company (Linz, Austria). Gallic
acid, Folin-Ciocalteu reagent, fetal calf serum (FCS), 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), penicillin, streptomycin, glutamine, 2,7-
dichlorodihydrofluorescin diacetate (H,DCF-DA), dihidroethidium (DHE), 3,3'-
dihexyloxacarbocyanine iodide (DiOCg), propidium iodide (PI), ribonuclease A (RNAse A),
Triton X-100, riboflavin, protease inhibitor cocktail for general use, vitamin C and
carboxyfluorescein diacetate succinimidyl ester (CFDA-SE) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Green 5-chloromethylfluorescein diacetate (CMF-DA)
was from Invitrogen (Carlsbad, California, USA). Nitro blue tetrazolium (NBT), Tris and
tetramethylethylenediamine (TEMED) were from Serva Electrophoresis GmbH, Heidelberg,
Germany. All other chemicals were from Applichem (Darmstadt, Germany). Deionized water
used in the experiments was purified in a Barnstead Smart2Pure water purification system
(Thermo Scientific Barnstead, USA). Green tea, coffee and cocoa were purchased from a

local grocery store.

Preparation of green tea, cocoa and coffee polyphenol extracts

Green tea catechin-enriched polyphenol extract (GT) was prepared from the commercial
green tea food supplement (local distributer “Zeleni ¢aj” Pharmanova, Obrenovac, Serbia and
producer Chengdu Wagott Pharmaceuticals Co. Ltd, Chando, China).”® Cocoa (CC) and
coffee polyphenol extracts (CF) were made from the commercial cocoa powder or ground
roasted coffee (mixture of Arabica and Robusta).?' Concentration of total phenolic

compounds was measured following Chun et al.** spectrophotometric assay optimized for 96-
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well plates using Folin—Ciocalteu’s reagent and expressed in pg of gallic acid equivalents per

ml or pug GAE mL™.

Cell culture and MTT vitality assay

HeLa cells were cultured in RPMI-1640 medium, supplemented with 10% FCS, 2 mmol L™
glutamine, 100 IU mL™" penicillin and 0.1 mg mL™ streptomycin. Cells were incubated at
37°C in a humidified atmosphere with 6.0% CO,. Cytotoxicity of GT, CC and CF in HeLa
cells was evaluated by MTT assay after 24 and 72 h of treatment, according to slightly

modified procedure of Mosmann® (for detailed description see ESIY).

Cell cycle analysis

Cells at different phases of cell cycle were distinguished by flow cytometric measurement of
cellular DNA content.* First, cells were seeded at density of 50,000 cells per well in 24-well
plates and left overnight prior to the addition of polyphenol extracts. Cells were incubated for
24 or 48 h with 100 pg GAE mL™" of extracts in the final volume of 1 mL per well. Upon
incubation, both adherent and detached cells from each well were collected and their DNA
was stained with PI. Flow cytometric analysis was performed on FACSCalibur (Becton
Dickinson, Franklin Lakes, NY, USA). The obtained FL-2 area histograms were further
analyzed in ModFit LT deconvolution software (Verity, Topsham, ME, USA) by fitting the
best Gaussian distribution curve to G0-G1 and G2-M peaks, and then calculating the resulting

S-phase. For etailed DNA staining and analysis procedure see ESIT.

Detection of apoptosis using Annexin V-FITC and PI double staining
HeLa cells were treated with 100 ug GAE mL" of extracts for 48 h. Upon incubation, both

adherent and detached cells from each well were collected and stained with FITC-Annexin V

Page 8 of 34
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and PI using the apoptosis detection kit from Becton Dickinson. For each measurement
20,000 events were collected. FL-1 vs. FL-3 dot plots were created in Cyflogic software

(CyFlo Ltd, Turku, Finland).

Estimation of cell proliferation using CFSE dye dilution method

After division, the intensity of CFSE fluorescence in daughter cells is halved, which allows
for simple detection of the number of cell divisions by flow cytometry.”> CFSE-stained cells
were treated with 100 pg GAE mL"™ for 72 h. Upon incubation, both adherent and detached
cells from each well were collected and analyzed for fluorescence by FACSCalibur.
Distribution of cells in different generations and calculation of proliferating cell index (PCI)
were performed in the Wizard module of the ModFit LT software using the standard

proliferation models to fit the raw data. For detailed experimental procedure see ESI.

Monitoring early pro-oxidant action of polyphenol extracts with flow cytometric assays
Generation of multiple ROS, in particular hydrogen peroxide, was measured with H,DCF as
a substrate.”*?’ As H,DCF is poorly sensitive for superoxide anion radical, DHE was used for
its detection.”® The level of intracellular reduced glutathione (GSH) was determined using
CME-DA.* The change in mTMP was monitored by using DiOCs.*® After trypsinization,
HeLa cells (100,000 cells per tube) were treated with 100 pg GAE mL™" of extracts for 15
min at 37°C, washed and stained for 30 min at 37°C with 20 pmol L™ DHE or stained for 15
min with either 10 pmol L™ CMF-DA or 10 nmol L™ DiOCg in PBS. To monitor the
generation of ROS, cells were treated for 30 min with extracts at 37°C, washed and stained
with 10 pmol L™ H,DCF-DA for 30 min in PBS. For each measurement 10,000 events were

collected. Analysis was performed in Cyflogic software, where cells were gated according to
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their size and granularity and the gate was applied to corresponding FL-1 or FL-2 histograms

of mean fluorescence intensity (MFI) of cells.

Monitoring the expression and activity of antioxidant enzymes in HeLa cells after the
treatment with polyphenol extracts

Relative gene expression of catalase and SOD was measured by real-time RT-qPCR after 12
and 24 h of treatment with 100 pg GAE mL™" of extracts, and analyzed with the comparative
222% method.?' For determination of SOD and catalase activity cell lysates were prepared
after 24 h of treatment with 100 pg GAE mL™ of extracts. Catalase activity was determined
by following hydrogen peroxide decomposition at 240 nm, as proposed by Claiborne.** The
catalase specific activity was expressed as the number of units per mg of total protein, where
one unit of activity corresponds to an absorbance change of 0.01 per one s. Semi-quantitative
determination of SOD in-gel activity was done as before.*® Gels were analyzed in Gel-Pro

Analyzer 3.0 program (Media cybernetics, Bethesda, USA) and integrated optical density of

each band was calculated. For detailed experimental procedure see ESIT.

Modulation of the polyphenol growth inhibition capacity by vitamin C

The growth inhibition potency of polyphenols was assayed by the MTT assay as indicated
previously. HeLa cells were incubated for 24 h with 100 pg GAE mL™" of polyphenol
extracts, 100 pg mL™" of vitamin C or with both simultaneously. Control cells, without the
extracts or vitamin C, were set at the same time. The sum of % of growth inhibition obtained
for an extract and vitamin C separately, was compared to % of inhibition obtained for the

simultaneous stimulation.

Statistical interpretation

10

Page 10 of 34
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Data are presented as mean + standard deviation and analyzed in Graph Prism 5 program (La
Jolla, CA, USA). All incubations were set up in triplicate, except for the SOD and catalase
gene expression analysis where each sample was analyzed in duplicate with 2 biological
replicates. The differences were analyzed by one-way ANOVA, except for the experiment
with vitamin C where student’s t-test was used. Differences were considered significant if p

<0.05.

11
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RESULTS

Polyphenol extracts induce HeLa cell death in a dose-dependent manner but only GT
causes marked morphological changes

All tested extracts showed cytotoxic activity in a dose-dependent manner in HeLa cells, with
GT being the most potent (Fig. 1A). At the concentration of 100 pg GAE mL™", GT reduced
cell viability to 66 + 8% after 24 h or to 31 + 6% after 72 h of exposure. After 72 h of
treatment with 100 pg GAE mL™, CC and CF cytotoxic activity increased, leaving behind 73
+ 3 and 65 + 7% of living cells, respectively. Concentration of 100 pg GAE mL™ of
polyphenol extracts was chosen to be tested in the following experiments for it is the first
tested concentration where significant differences were observed between the control and
treatment groups after 24 h of treatment. Changes in morphological characteristics of HeLa
cells were assessed via light inverted microscopy (Fig. 1B). After the 24 hour-treatment with
100 png GAE mL™" of extracts, GT promoted cell rounding which was followed with cell
detachment. In CC and CF treated groups, a majority of cells retained their spindle-shaped

appearance and ability to adhere to the flask surface.

Polyphenol extracts cause arrest in different phases of HeLa cell cycle

After 24 h of treatment, GT caused significant accumulation of cells in S phase and reduction
of cells in G2/M and GO/G1 phase (Fig. 2A, left). Percentage of viable cells in S phase
changed dramatically, from 38.11% in the control to 61.75% in GT treated cells, as illustrated
from one representative experiment (Fig. 2A, right). The S-phase cell cycle arrest resulted in
significant increase in number of GT treated cells in subGO phase after 48 h, rising from
1.92% in the control to 28.95% in GT treated group (Fig 2B). Treatment with CF promoted

cell accumulation in G2/M and sub GO phase after 48 h. Although CC exhibited milder effect

12
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on the cell cycle in the monitored time frame, a trend for cycle arrest in G2/M phase was

noticeable after 48 h (Fig. 2B).

Polyphenol extracts induce HeLa cell death via apoptosis

By using Annexin-V/PI double staining we were able to distinguish between viable cells
(Annexin V-PI-, lower left quadrant), cells in early apoptosis (Annexin V+PI-, lower right
quadrant) and dead cells (late apoptotic and necrotic, Annexin V+PI+, upper right quadrant)
(Fig. 3A). All tested extracts induced apoptosis of HeLa cells, as demonstrated via significant
increase in percentage of early apoptotic cells after 48 h of treatment with 100 pg GAE mL"
of extracts. As in previous experiments, GT proved to be the most potent (p<0.001, Fig. 3B).
In one selected experiment, 32.6% of GT treated cells were in early apoptosis while 20.8%
and 18.7% were detected in CF and CC treated cells, compared to 8.5% in the control cells

(Fig. 3A).

Polyphenol extracts modulate HeLa cell proliferation

HeLa cells were treated with 100 pg GAE mL™" of extracts and cell division was analyzed
after 72 h of treatment. When compared to control, statistically significant decrease (p<<0.001)
in PCI was observed only in GT treated cells while, on the contrary, significant increase
(p<0.001) in PCI was measured in CF and CC treated cells (Fig. 4). The percentage of total
cells in the proliferating cell fraction (PCF) was only 13.3 + 3% in GT treated cells, which
was significantly lower than 78 + 4% in the control group. From the selected histograms in
Fig 4, it can be noticed that generation 4 was the mostly populated generation in the control
group with 59.41% of cells. The same trend was observed in CF and CC treated cells, with
67.96 and 68.98% of cells in the generation 4, respectively. In addition, CC was more potent

than CF in stimulation of cell proliferation yielding 8.98% of cells in generation 5, which was

13
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populated with only 1.69% in untreated cells. As for GT, abatement of proliferation resulted
in cells accumulating in generation 3 (55.93%) and 2 (7.79%), at expense of generation 4

(34.79%) and 5 (1.5%).

Generation of ROS in HeLa cells differs between the tested extracts

When used at the concentration of 100 pg GAE mL'l, GT and CF, but not CC, induced
oxidative stress in HeLa cells after a short-term exposure. As shown in Fig. 5, GT
polyphenols significantly increased the basal level of intracellular superoxide anion radical
(increased ethidium fluorescence after 15 min of exposure) and other ROS such as hydrogen
peroxide and hydroxyl radicals (increased DCF fluorescence after 30 min of exposure). As a
consequence of increased oxidative stress in GT treated cells, the intracellular pool of GSH
got depleted (reduction in CMF-GSH fluorescence after 15 min of exposure) and mTMP
potential dropped below the basal level (measured as increased number of cells with low
DiOC6 uptake after 15 min of exposure). Although CF induced the formation of ROS that
oxidize H,DCF and a drop in mTMP, no changes were noticed in the other tested parameters.

Finally, CC polyphenols induced only a drop in mTMP.

Changes in antioxidant enzymes (gene expression levels and activity) after the exposure
to polyphenol extracts

HeLa cells were treated with 100 pg GAE mL™" of extracts for 12 and 24 h when relative
gene expression of CuZnSOD, MnSOD and catalase was assessed with RT-qPCR. As seen in
Fig. 6A, there were no significant differences in the relative gene expression levels among the
control and polyphenol-treated cells for any of the tested genes. Also, CuZnSOD activity did

not change after the 24-hour treatment with 100 ug GAE mL™" of polyphenol extracts (Fig.

14



Page 15 of 34

268
269
270
271
272
273
274
275

276

RSC Advances

6B, left). However, a significant decrease in catalase activity was detected in GT treated cells

after 24 h, when compared to the control (Fig. 6B, right).

Vitamin C interferes with the cytotoxic activity of poyphenols

After 24 h of separate exposure, 100 pg mL™" of vitamin C and 100 pg GAE mL™" of
polyphenol extracts induced HeLa cell death. But, when vitamin C was added to each extract,
their cytotoxicities were partially antagonized, resulting in lower percentage of growth
inhibition when compared to the calculated sum of their individual activities (Fig. 7).

Significant reduction was observed for GT and CF, but not for CC.

15
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DISCUSSION

The aim of this study was to investigate the effects of total polyphenolic compounds
extracted from commonly used green tea supplement, roasted ground coffee and cocoa
powder on human cervical carcinoma HeLa cells in vitro. Our results indicate that out of all
three extracts, GT possesses the strongest cytotoxic activity in HeLa cells. In fact, when used
at the same concentration of total phenolic compounds (100 pg GAE mL™), after 72 h of
treatment, GT cytotoxicity was roughly twice the rate of CF and CC. Next, we have shown
that all extracts induce apoptosis of treated cells but cause different alterations in cell cycle
progression. After 24 h of treatment with GT, cells were detained in S phase of cell cycle
resulting in subsequent accumulation of cells with fragmented DNA (subGO phase) i.e.
apoptotic cells, as later confirmed by Annexin V/PI double staining. Cells that survived the
72-hour stimulation with GT and retained cell integrity, only 13% of total cells, proliferated
much slower than the untreated cells. Although CF and CC exhibited similar cytotoxicity in
MTT, their effects on cell cycle were different. After 48 h of exposure, CF caused cycle
arrest in G2/M phase and accumulation of cells in subGO phase, while only slight differences
were observed in CC treated cells, suggesting different mechanism of action. Although CF
and CC induced cell apoptosis, HeLa daughter cells originating from the parent cells that
survived the CF and CC treatment seem to be more aggressive, with CC treated cells showing

the highest proliferation rate after 72 h, when compared to other groups.

Independent of the magnitude of their cytotoxicity, for all extracts it was observed that their
effect on HeLa cells was strongly dependent on the concentration of polyphenols and the
length of incubation, suggesting a possible correlation with their pro-oxidant action. Previous

reports have suggested that EGCG, a major green tea constituent, at high concentrations

16
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produces intracellular ROS, especially hydrogen peroxide.** > Our current findings confirm
that GT polyphenols induce the generation of ROS in HeLa cells, but the early over-
production of superoxide anion radical may be the reason for its high cytotoxic potency. For
instance, the less potent CF polyphenols induced similar levels of H,DCF oxidizing ROS,
mainly hydrogen peroxide, but did not induce the generation of superoxide anion radical. It is
known that formation of superoxide anion radical precedes the formation of hydrogen
peroxide, and these two products of molecular oxygen can in turn react with each other to
generate the highly damaging hydroxyl radical.’® An unbalanced redox environment and
mitochondrial dysfunction are important regulators of cell progression to apoptosis.””*® An
early depletion of the cellular pool of GSH was detected only after the GT treatment.
However, a drop in mTMP was detected after the exposure to all three extracts, especially CF
and GT. The decline in mMTMP measured after the CC treatment is ROS-independent and
could be a consequence of interactions formed between the rigid polymeric flavonoids
present in CC and the mitochondrial inner-membrane, as reported before for quercetin and
galangin.® Tt should be emphasized that we measured the pro-oxidant response in HeLa cells
15 or 30 min after the initiation of treatment with polyphenols, thus generating more accurate
results, since the redox state of polyphenols changes rapidly. As an example, Sang et al.*’

observed by mass-spectrometry in real time that the intensity of EGCG ion in Tris-HCI buffer

of pH 7.2 decreases due to oxidation, with an approximate half-life of 2 h.

Several antioxidant enzymes such as SOD and catalase provide a first line of defense against
superoxide anion radical and hydrogen peroxide.*' However, HeLa cells did not down- or up-
regulate the expression of antioxidant enzymes during the 12- or 24-hour treatment with
extracts. Therefore the partial inhibition of catalase activity by GT polyphenols, observed

after 24 h, is independent of changes in gene expression. Slight decrease in catalase activity

17
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with no changes in catalase protein levels was also observed in OSC-4 cells (squamous cell
carcinoma line), after the 24-hour treatment with 50 pmol L™ of EGCG.* It is possible that
phenolic compounds from GT or their cell-modified derivatives inhibit catalase activity, as
reported before for maize catalase and o-coumaric acid.* The decline in catalase activity
indicates that GT treated cells are less capable of adapting to hydrogen peroxide produced by

both GT polyphenols and normal cell metabolism.

To further explain the causal connection between the polyphenol pro-oxidant and cytotoxic
activity, we incubated HeLa cells for 24 h with a mixture of vitamin C and individual
extracts. Vitamin C interfered with the cytotoxic action of GT and CF. Relaying on previous
experiments with EGCG and vitamin C,* we assume that GT and CF polyphenols efficiently
scavenge the ascorbate radicals formed due to vitamin C pro-oxidant action at high
concentrations, having as a consequence reduction of polyphenol pro-oxidant activity. On the
other hand, CC presumably scavenges ascorbat radicals but the decrease in cytotoxicity is not

that pronounced, mainly because of low CC pro-oxidant activity.

Although we tested different extracts at the same concentration of total phenolic compounds,
their polyphenol composition is very different.”**! From our findings, we can conclude that
the most potent polyphenols against HeLa cells were those containing both catechol and
galloyl moieties (such as EGCG in GT), followed by phenolic acids containing catechol
group with an o, f-unsaturated side chain (such as chlorogenic acids in CF), and at the end,
by polyphenols with catechol group only (such as catechin or procyanidin in CC). It was
shown before that a 5°(3")-hydroxyl group in the B-ring and pyrogallol structure in a

molecule is a minimum requirement for the induction of apoptosis by catechin compounds*

18
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and that only galloyl derivatives of catechins inhibit the proliferation of several cancer cell

lines.*®

CONCLUSION

Although polyphenol compounds influence many cellular signaling pathways, their pro-
oxidant action is important for the overall anti-cancer activity. Based on the in vitro results
from this study, we conclude that green tea and coffee polyphenols may have potential use
for the treatment of cervical cancer. Given that the blood concentration of green tea and
coffee polyphenols is extremely low in plasma after oral administration,*’” and that they are
metabolized as other xenobiotics,' their topical administration in further in vivo studies may
be more suitable as it will allow reaching a very high concentration of polyphenols in their

active pro-oxidant form.
Funding: Supported by the GA No. 172024 of the Ministry of Education, Science and
Technological Development of the Republic of Serbia and FP7 RegPot project FCUB ERA
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FIGURE CAPTIONS

Figure 1. Vitality and cell morphology in the presence of polyphenols. (A) Decrease of HelLa
cells viability after 24 and 72 h of incubation with GT, CF and CC at concentrations ranging
from 0 of 200 pg GAE mL™'. Viability was examined by MTT assay; the viability of
untreated cells was taken as 100%. (B) HeLa cell morphology after 24 h of incubation with
100 pg GAE mL™" of extracts, as assessed by light inverted microscopy. One representative

experiment out of three is shown.

Figure 2. Distribution of cell cycle phases and DNA content in HeLa cells after the treatment
with 100 pg GAE mL™" of polyphenol extracts for 24 h (A) and 48 h (B). The differences
between the treated and control groups were considered statistically significant if p<0.05 (*),
p<0.005 (**) or p<0.001 (***). In addition, representative histograms for control and GT

treated groups are shown.

Figure 3. HeLa cell apoptosis after 48 h of incubation with 100 pg GAE mL™ of polyphenol
extracts. (A) One selected cell gating profile out of three. B) The histogram showing
percentage of viable (Annexin V-PI-), early apoptotic (Annexin V+ PI-) and dead (late
apoptotic and necrotic, Annexin V+PI+) cells in the control and treated groups. The
differences between the treated and control groups were considered statistically significant if

p<0.05 (*), p<0.005 (**) or p<0.001 (***).
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Figure 4. Proliferation of HeLa cells in the presence of 100 ug GAE mL™ of polyphenol
extracts, as measured by CFSE dye dilution method after 72 h of treatment and further
analyzed in ModFit LT software. Representative histograms are presented with the calculated
proliferating cell index (PCI) and the percentage of proliferating cell fraction (PCF).
Gaussian distribution curves were fitted to detect cells in different generations, from parent to

daughter generation number 5.

Figure 5. The intracellular level of ROS (including hydrogen peroxide, hydroxyl radical,
peroxyl radical and peroxynitrite anion), superoxide anion radical (O,"), reduced glutathione
(GSH) and mitochondrial transmembrane potential (mTMP) after short exposure (15 min for
0,", GSH and mTMP or 30 min for ROS) to 100 pg GAE mL™" of GT, CF or CC. The
differences between the treated and control values were considered statistically significant if

p<0.05 (*), p<0.005 (**) or p<0.001 (***).

Figure 6. Changes in antioxidant enzymes after the exposure to polyphenol extracts. (A)
Relative gene expression of CuZnSOD, MnSOD and catalase after 12 h and 24 h of treatment
with GT, CF and CC at concentration of 100 pg GAE mL™. (B) CuZnSOD in-gel activity and
catalase specific activity after 24 h of treatment with 100 pg GAE mL™ of extracts. The
differences between the treated and control groups were considered statistically significant if

p<0.05 (*), p<0.005 (**) or p<0.001 (***).

Figure 7. To assess the interference of Vitamin C (Vit.C) with the cytotoxic activity of
poyphenols, stimulations were carried out for 24 h with 100 pg mL™" of Vit.C and/or 100 ug
GAE mL™" of polyphenol extracts. The sum of percentage of growth inhibition obtained for

an extract and Vit. C separately (calculated) was compared to the percentage of inhibition

26
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539  obtained for the extract + Vit. C stimulation (obtained). The differences were considered

540  statistically significant if p<0.05 (*), p<0.005 (**) or p<0.001 (***).
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Vitality and cell morphology in the presence of polyphenols. (A) Decrease of HelLa cells viability after 24 and
72 h of incubation with GT, CF and CC at concentrations ranging from 0 of 200 ug GAE mL-1. Viability was
examined by MTT assay; the viability of untreated cells was taken as 100%. (B) HelLa cell morphology after
24 h of incubation with 100 pg GAE mL-1 of extracts, as assessed by light inverted microscopy. One
representative experiment out of three is shown.
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Changes in antioxidant enzymes after the exposure to polyphenol extracts. (A) Relative gene expression of
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To assess the interference of Vitamin C (Vit.C) with the cytotoxic activity of poyphenols, stimulations were
carried out for 24 h with 100 ug mL-1 of Vit.C and/or 100 ug GAE mL-1 of polyphenol extracts. The sum of
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