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ABSTRACT
Background: Yerba mate, a popular, tea- o
llex paraguariensis
like beverage prepared from the dried (YerbaMate) — S

Prepared at 60°C - 70°C

leaves of llex paraguariensis, is widely F E——‘jresemblingconsumption
method

consumed, and has several reported health

benefits. Compared with other herbal teas, e

the effect of yerba mate on human cells in
the context of cancer has not been
extensively studied. The method of
extraction of bioactive compounds from the

yerba mate leaves plays an important role =3 = )
Strong anti-proliferative activity against human

im s el Il colorectal adenocarcinoma cell lines
INn ITS eTTect on cancer cells. (Caco-2, HT-29 and HCT116)

Methods: In this study we assessed the viability, anti-proliferative, and apoptotic effect of the aqueous yerba
mate extract, prepared using the same conditions employed for consumption, on different human colorectal
cancer cell lines (Caco-2, HT-29, and HCT116) and on the non-tumorigenic human colon epithelial cell line

(NCM460).
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Results: Cytotoxicity of aqueous yerba mate extract was studied and a dose-dependent decrease in viability was
observed in all the tested cell lines. At 24 hrs., viability decreased to 19.7% with Caco-2 cells, 2.7% with HCT116,
and 8.4% with HT-29 cells at a concentration of 4.8 mg/mL of yerba mate extract. The effect was less prominent
on the NCM460 cell line where the viability of cells at the same concentration was 65.2%. Yerba mate extract also
showed concentration-dependent anti-proliferative effects as determined by the WST-1 proliferation kit. IC50
values ranged between 0.22-0.69 mg/mL at 24 hr for cell lines tested. To study whether cell death was due to
apoptosis, Caco-2 cells were stained with Annexin V-FITC assay and an increase in the percentage of late apoptotic
Caco-2 cells was observed with yerba mate extract at 0.6-4.8 mg/mL. Cell cycle analysis using DNA content by
flow cytometry showed an increase in the percentage of Caco-2 cells in the subG0/G1 phase and the GO/G1 phase
after treatment with 2.4 mg/mL extract. Collectively, our data suggest that yerba mate aqueous extract exhibits

an anti-proliferative effect on tested cell lines by inducing apoptosis.

Conclusions: Yerba mate aqueous extract exhibits a strong anti-proliferative activity against adenocarcinoma cell
lines studied and constitutes a promising functional food adjuvant to anti-cancer therapy. Further work is needed

to identify active components and mechanisms of action.
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BACKGROUND
Traditional medicine is the predominant healthcare
practice used by 80% of the world’s population [1].
Throughout human history, people depended on
herbal medicine to treat many diseases. The main
limitation of herbal medicine is proper identification
of active compounds and the absence of quality
control [2]. Beverages such as coffee and tea have
been extensively studied due to their high rate of
consumption. Their secondary metabolites exhibit
many biological activities. Yerba mate is among the
most widely consumed beverages after tea and
coffee.

Yerba mate (llex paraguariensis) is a South
American dioecious tree that can reach up to 15

meters in height. It is mostly found in South America

(south of Brazil, Paraguay, Uruguay and north of
Argentina). It is also widely consumed in Lebanon and
Syria within the Druze community. The dried leaves
and branches of yerba mate are prepared as a tea.
The major bioactive molecules in yerba mate are
polyphenols such as caffeoyl derivatives, xanthines,
saponins, rutin, quercetin and kaempferol [3]. Yerba
mate extracts have higher polyphenolic levels than
green tea extracts and have the same level as red
wine [4]. Polyphenols are correlated with antioxidant
activity, anti-cancer activity [5], antibacterial activity
[6], and different health benefits [7]. Case studies
have shown that diets rich in fruits and vegetables are
inversely correlated with cancer incidence especially
gastro-intestinal tract cancers [8-9]. Caffeic acid

phenethyl ester was found to inhibit the development
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of ovarian cancer [10] and caffeic acid triggers
apoptosis in human tongue squamous cell carcinoma
[11].

Different studies correlate strong antioxidant
activity with strong anti-cancerous activity. In a case
study in Uruguay, healthy men and women diagnosed
with breast cancer were given a questionnaire that
focused on Body Mass Index (BMI), food intake
(vegetables, fruits, red meat, chicken, and fish), tea
intake and yerba mate intake. Results show a
negative correlation between daily yerba mate intake
and breast cancer [12-13]. In another study, high
yerba mate intake had a significant inverse
correlation with colorectal cancer onset [14].
Conversely, other studies associate yerba mate intake
with an increase of incidence of different types of
cancer such as oral, esophageal and oropharyngeal
[15-16]. However, a previous study has attributed the
high temperature of yerba mate at the time of
consumption with oral carcinoma [17].

Colorectal cancer is the third most common type
of cancer and the second most important cause of
cancer-associated deaths worldwide [18]. Yerba mate
saponins were tested on human colon cancer cells to
evaluate their potential role in cell cycle arrest.
Ursolic acid and dicaffeoylquinic acids show a strong
anti-proliferative activity on HT-29 and RKO colon
cancer cell lines [19-20]. Yerba mate aqueous extract
showed strong cytotoxic and anti-proliferative
activities on HT-29 and Caco-2 cell lines in a
concentration dependent manner [21]. The extract
also inhibited cell proliferation in colorectal cancer
cell lines CT26 and COLO 205 [22]; however, it had no
activity against adherent epithelial liver hepato-

carcinoma cell line, HepG2 [23].
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The aim of this study is to evaluate the anti-
cancer activity of aqueous yerba mate extract on
various human colorectal cell lines: Caco-2, HT-29,
and HCT116 as well as on the non-tumorigenic human
colon epithelial cell line NCM460. Most studies in
literature focus on the methanolic extracts from
yerba mate or their active compounds and their
effects on different cancer cell lines. Other studies
tested yerba mate infusions produced at 100°C
[21,24] or 95°C [22]. This study is unique in that it
mimics the actual preparation method of yerba mate,
thus studying the extract as a functional food.
Therefore, the anti-proliferative effect of the aqueous
extract (prepared at 60-70°C) on colorectal cancer cell

lines was studied.

METHODS

Plant extract preparation: Commercial yerba mate
package Amanda (AMAO010; country of origin
Argentina) was purchased from the market. Leaves
and stems were dried under the hood for 24 hr and
then were ground using a Warren blender. The
obtained powder was soaked with water (1:4 w/v)
and incubated in a water bath at 70°C for 2 hr. They
were then passed through a gauze and filtered
through Whatman paper. The filtrate was next
centrifuged at 5,000 G for 30 minutes, dialyzed for 48
hr at 4°C, and then concentrated in a speed vacuum
at 50°C. The extract was next stored at 4°C. Dried
yerba mate extract was dissolved in Dulbecco’s
modified eagle medium (DMEM; Sigma, Germany) to
prepare a stock solution (38.4 mg/mL). Serial dilutions
were prepared to obtain the desired treatment

concentrations.
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Cell lines maintenance: The epithelial colorectal
adenocarcinoma cell lines (Caco-2, HT-29, HCT116)
and the non-tumorigenic human colon epithelial cell
line (NCM460) were kindly provided by Dr. Marwan
El-Sabban, American University of Beirut. Caco-2 cells
were cultured in DMEM medium (Sigma, Germany),
whereas HCT116 and HT-29 cells were cultured in
RPMI 1640 medium (Sigma, Germany). Both media
were supplemented with 1% L-Glutamine, 1%
penicillin-streptomycin, and 10% fetal bovine serum
(FBS; Gibco-BRL, Paisley, Scotland). NCM460 was
cultured in M3 Base medium (INCELL, USA)
supplemented with 1% penicillin-streptomycin and
10% FBS. The cells were incubated in a 5% CO2

humidified incubator at 37°C.

Trypan blue dye exclusion method: Caco-2, HT-29,
HCT116, and NCM460 cells were plated at a density
of 15x10% cells/well in 24-well cell culture plates. After
24 hr, cells were incubated with different
concentrations (0.075, 0.15, 0.3, 0.6, 1.2, 2.4, and 4.8
mg/mL) of aqueous yerba mate extract for 24 and 48
hr at 37°C in a 5% CO2 humidified incubator. The
positive control consisted of media and 70% ethanol,
whereas the negative control had only media.
Following treatment, cells were washed with
phosphate-buffered saline (PBS; Sigma, Germany),
detached using StemPro accutase cell dissociation
reagent (Thermo Fisher Scientific, USA), centrifuged,
and cell viability was assayed using the trypan blue
dye exclusion method [25]. Cell viability was
calculated using the following formula: % cell viability
= (number of live cells/ total number of cells) *100.
Results were expressed as the percentage of viable

cells relative to untreated control.
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Evaluation of cell proliferation: Cell proliferation was
assayed using the Cell Proliferation Reagent WST-1
Assay (Roche Diagnostics, Germany). Cells were
plated at a density of 1x10* cells/well in a 96-well cell
culture plate and treated after 24 hr with different
concentrations (0.075, 0.15, 0.3, 0.6, 1.2, and 2.4
mg/mL) of aqueous yerba mate extract for 24, 48, and
72 hr at 372C in a humidified 5% COzincubator. After
the respective time of incubation, 10uL of WST-1
reagent was added and incubated for 3 hr following
the manufacturer’s directions. The absorbance of
each well was measured using a microplate reader
(Multiskan Ascent, Thermo Labsystems) at a
wavelength of 490 nm, with 680 nm set as a reference
wavelength [26]. The results were expressed as
percentage of control. As an internal positive control,
cells were treated with 50% (v/v in culture medium)

ethanol to induce cell death.

Annexin V / propidum iodide (Pl) staining and flow
cytometry analysis: Apoptosis and cell death were
assayed using FITC Annexin V apoptosis detection kit
Il (BD Pharmingen, USA). Caco-2 cells were cultured in
a 24 well plate at a density of 15 x 10* cells/well and
treated with different concentrations (0.075, 0.15,
0.3, 0.6, 1.2, 2.4, and 4.8 mg/mL) of aqueous yerba
extract for 24 or 48 hr. Negative controls consisted of
cells in complete growth medium without the
addition of extract, whereas the positive control
consisted of cells in complete growth medium and
treated with H:02 (300 uM) [27]. Following
treatment, cells were washed with cold PBS,
detached using accutase, centrifuged, and washed
again with PBS. Cells were then resuspended in 100 pl
of Annexin V binding buffer (BD Biosciences, USA) and

incubated with 5 upl Annexin V- fluorescein
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isothiocynate (FITC) and 5 pl PI (BD Biosciences, USA)
in the dark at room temperature for 15 min. After
incubation, cells were diluted with 400 pl of binding
buffer and subjected to flow cytometry analysis using
FACSCalibur flow cytometer (BD Biosciences) [26]. A
total of 10,000 cells were acquired with CellQuest Pro
software. Cells were identified as viable (Annexin V-/
PI), early apoptotic (Annexin V* / PI’), late apoptotic
(Annexin V* / PI*) or dead (Annexin V- / PI*) [28-29].

Cell cycle analysis by flow cytometry: Caco-2 cells
were cultured at a density of 0.7 x 10° cells/well in a
96-well plate and treated with different
concentrations (0.075, 0.3, and 2.4 mg/mlL) of
aqueous yerba extract for 24 or 48 hr. Negative
controls consisted of cells grown in complete growth
medium without the addition of yerba mate extract.
Following treatment, cells were washed with cold
PBS, detached using accutase, centrifuged,
resuspended in ice-cold PBS and fixed with 70%
ethanol (ice-cold). Cells were then stored at -20°C for
24 hr. Cell pellets were washed twice with ice-cold
PBS, collected by centrifugation, and re-suspended in
500 pl of propidium iodide (50 pg/ml diluted in PBS).
After incubation with Pl in the dark at room
temperature for 30 mins. Cell cycle analysis was
carried out using Guava InCyte software on Guava
Easy Cyte 8 flow cytometer (Millipore, Germany)

where 25,000 events per sample were collected.

Statistical analysis: Experiments were done in
triplicates and repeated at least three times. Results
are presented as mean * standard error of the mean
(SEM). Data analyses were performed using
GraphPad Prism version 9.0.0 (GraphPad Software,
San Diego, CA, USA). Statistical significance for WST-1

assays was tested with one-way ANOVA. Two-way
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ANOVA test was used for Trypan blue, apoptosis, and
cell-cycle assays. The post-hoc Dunnet’s multiple
comparison test to compare the effect of each
treatment dose with the untreated control was used
for all assays. *: P<0.05, **: P<0.01, ***: P<0.001,

***%: P<0.0001.

RESULTS

Effect of aqueous yerba mate extract on human
colon cancer cell lines viability: Trypan blue stain can
only penetrate dead cells; thus, it can be used to
differentiate between viable and non-viable cells.
Trypan blue assay was performed on all four cell lines
(Caco-2, HT-29, HCT116, NCM460) after their
treatment with increasing concentrations (0.075,
0.15, 0.3, 0.6, 1.2, 2.4, and 4.8 mg/mL) of aqueous
yerba mate extract at 24 and 48 hr (Figure 1). The
viability of untreated control cells was considered as
100%. Following 24 hr treatment with 4.8 mg/mL
Yerba mate aqueous extract, cell viability significantly
(P < 0.0001) decreased to 19.7% with Caco-2 cells
(Figure 1A), 2.7% with HCT116 cells (Figure 1B), and
8.4% with HT-29 cells (Figure 1C), as compared to
control cells. The effect was less prominent on
NCM460 cells where the viability of cells at the same
concentration was 65.2% (Figure 1D). A similar dose
dependent effect 4.8 mg/mL yerba mate extract was
observed post 48 hr treatment where cell viability
was significantly (P < 0.0001) decreased to 22.8% with
Caco-2 cells (Figure 1A), 6.2% with HCT116 (Figure
1B), 3.3% with HT-29 (Figure 1C), and 48.1% with
NCM460 (Figure 1D). The most prominent cytotoxic
effect of yerba mate extract was on HCT116 and HT-
29 cell lines, while the least observed cytotoxic effect
was on NCM460 cells (Figure 1). As a positive control,
all cell lines were treated with 70% ethanol, and this

resulted in 100% cell death (data not shown).
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Figure 1.

Figure 1. Effect of aqueous yerba mate extract on the viability of different colon cancer cell lines. Cells were treated
with increasing concentrations of yerba mate extract for 24 and 48 hr. Untreated cells cultured in complete growth medium alone
served as a negative control (control). Cell viability was measured using the trypan blue assay. Yerba mate extract decreased the
viability of (A) Caco-2, (B) HCT116, (C) HT-29 and (D) NCM460 cells in a dose dependent manner. Bar graphs indicate the
percentage of viable cells relative to control. Results are presented as mean * standard error of the mean (SEM) of three separate
experiments each performed at least in duplicate. *: P<0.05, **: P<0.01, ***: P<0.001, ****: P <0.0001 vs control at the same
time point.

Anti-proliferative activity of aqueous yerba mate 2, HCT116, and HT-29) was studied using Wst-1 assay
extract on human on colon cancer cell lines: The anti- at three time points: 24, 48 and 72 hr (Figure 2).
proliferative effect of different concentrations (0.075, Aqueous yerba mate extract showed a strong anti-
0.15, 0.3, 0.6, 1.2, 2.4, and 4.8 mg/mL) of yerba mate proliferative effect on Caco-2, HCT116, and HT29 cell

extract against three human colon cancer lines (Caco- lines that was concentration and time dependent.
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Figure 2. The anti-proliferative activity of aqueous yerba mate extract on different colon cancer cell lines. Cell lines
were treated with increasing concentrations of yerba mate extract for 24, 48 and 72 hr. Untreated cells cultured in complete

growth medium alone served as a negative control (control). Cells treated with 50% ethanol (EtOH) served as a positive control

for the inhibition of cell proliferation. Cell proliferation was measured using WST-1 assay. Yerba mate extract decreased the
proliferation of (A) Caco-2, (B) HCT116, (C) HT-29 and (D) NCM460 cells at a concentration and time dependent manner. ICso
(concentration at which 50% of cells died) was calculated. Bar graphs show the percentage of proliferating cells relative to control.

Results are presented as mean * standard error of the mean (SEM) of three separate experiments each performed at least in
triplicate. *: P<0.05, **: P<0.01, ***: P<0.001, ****: P <0.0001 vs control.
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The strongest effect was on Caco-2 and HCT116 cells.
For Caco-2, the IC50 values were 0.22 mg/mL at 24 hr,
0.06 mg/mL at 48 hr, and 0.02 mg/ml at 72 hr (Figure
2A). IC50 values for HCT116 were 0.35 mg/mL at 24
hr, 0.19 mg/mL at 48 hr, and 0.18 mg/mL at 72hr
(Figure 2B). While the IC50 values for HT-29 were

Effect of aqueous yerba mate extract apoptosis of
Caco-2 cells: To further understand the anti-
proliferative mechanism of yerba mate extract, the
Annexin V-FITC/PI assay was performed only on Caco-
2 cells since IC50 values for yerba mate extract against
Caco-2 cells were significantly lower than those
against other studied cell lines. Various
concentrations of aqueous yerba mate extract (0.075,
0.15,0.3,0.6,1.2, 2.4, and 4.8 mg/mL) were tested on
Caco-2 cells for 24 and 48 hr. At both time points and
in a dose dependent manner, treatment (starting at
0.6 mg/mL) of Caco-2 cells with yerba mate extract
induced a significant decrease in the percentage of
viable cells in comparison with that of control
untreated cells (Figure 3). Caco-2 cells treated with
yerba mate extract at concentrations of 0.6-4.8
mg/mL for 24 hr demonstrated significantly elevated
percentages of late apoptotic cells (34-42%) as
compared to that of control untreated cells (10%),
suggesting that yerba mate extract induced apoptosis
(Figure 3). A similar pattern was noted at 48 hr;
however, the increase in the percentage of late
apoptotic cells came out to be statistically significant
only following treatment with 1.2 mg/mL of yerba
mate extract (Figure 3). There were no significant
differences in the percentages of early apoptotic cells
between control untreated cells and yerba mate-
treated cells at all tested concentrations at 24 hr. In

contrast, there was a trend towards increased
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0.69 mg/ml at 24 hr, 0.77 mg/mL at 48 hr, and 0.17
mg/mL at 72 hr (Figure 2C). Most concentrations of
yerba mate extract demonstrated a significant
decrease in NCM460 proliferations at both 24 and 48
hr,except at concentrations lower than 0.3 mg/mL

(Figure 2D).

percentages of early apoptotic cells following 48 hr
treatment with yerba mate extract. Moreover,
exposure of Caco-2 cells to different concentrations
of yerba mate extract resulted in an increase in the
percentage of dead cells after 24 and 48 hr treatment
with respect to the untreated control, but this did not

achieve statistical significance (Figure 3).

Effect of aqueous yerba mate extract on cell cycle
progression of Caco-2 cells: To examine if the growth
inhibitory effects of aqueous yerba mate extract is
due to growth arrest, three concentrations of the
extract (0.075, 0.3, and 2.4 mg/mL) were tested on
Caco-2 cells for 48 hr then examined for cell cycle
progression using flow cytometry. We observed a
trend towards an increase in the cell population
present in the sub GO/G1 phase following treatment
of Caco-2 cells with 2.4 mg/mL (17.5%) of yerba mate
extract in comparison to control untreated cells
(7.7%) (Figure 4). An increase in the percentage in the
GO0/G1 phase was also observed with 2.4 mg/mL (55.4
%) relative to control (46.9%). In addition, the
population of cells in the S phase decreased with 2.4
mg/mL yerba mate treatment (18.8%) compared to
control (13.2%). Finally, the percentage of yerba
mate-treated (2.4 mg/mL) cells in G2/M phase fell
from 26.5 to 13.8% compared to control untreated

cells (Figure 4).


http://www.ffhdj.com/

Functional Foods in Health and Disease 2021; 499-511 FFHD Page 507 of 511

J Annexin’/PI" (Viable Cells) E Annexin®/PI* (Late Apoptotic Cells)
B Annexin*/PI {(Early Apoptotic Cells) Il Annexin’/PI* (Dead Cells)

100- 24hr
T

% 80' T T l
9 60- . FdFn
8 HhkE *kk *kk
[o] *% I
[t *
S 0 2y Khkk L
ES

20

d M HI_I ﬁ.'j ﬂli ol | U | IR | B I
0.3

06 12 24 48 H,0,
Yerba Mate Extract

Control 0.075 0.15

(mg/mL)
100- 48hr
I
w 8] -
7]
% 604 - *k *%
° L *dkk I
% 40- wokdk Ekk
RS
20
ks n,L alla Ll i i 1| ]
0.3

06 12 24 48 H,0,
Yerba Mate Extract
(mg/mL)

Control 0.075 0.15

Figure 3.

Figure 3. Effect of various concentrations of aqueous yerba mate extract on apoptosis of Caco-2 cell. Caco-2 cells
were treated with different concentrations of yerba mate extract for 24 and 48 hr. Untreated cells cultured in growth
medium alone served as a negative control (control). Cells treated with 300 uM H»0: served as a positive control for
the induction of apoptosis. Cells were then stained with Annexin V-FITC and propidium iodide (Pl) and analyzed by
flow cytometry. Bar graphs show the percentage of different cell populations: Annexin’/PI" (live cells), Annexin*/PI"
(early apoptotic cells), Annexin*/PI* (late apoptotic cells) and Annexin/PI* (dead cells). Results are presented as mean
+ standard error of the mean (SEM) of three separate experiments each performed at least in triplicate. *: P < 0.05,

**. P<0.01, ***: P<0.001, ****: P <0.0001 vs control.
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Figure 4. Effect of aqueous yerba mate extract on cell cycle progression of Caco-2 cells. Caco-2 cells were treated
with different concentrations of yerba mate extract for 48 hr. Untreated cells cultured in growth medium alone
served as a negative control (control). Cells were permeabilized, stained with propidium iodide and analyzed by flow
cytometry. Bar graphs show the percentage of cells in each phase of the cell cycle. Results are presented as mean +
standard error of the mean (SEM) of three separate experiments.

DISCUSSION
Herbal infusions have been used historically to treat a
variety of diseases. Screening herbal extracts for anti-
cancer properties has gained increasing popularity
with the need for novel drugs and treatments. It has
been previously reported that a third of cancer
patients in Europe use complementary and
alternative medicine [30]. Yerba mate is an herbal tea
that is rich in polyphenols and that has attracted
increasing interest. Due to its consumption method
that requires the continuous addition of hot water, it
yields an average of 520 mg of caffeine per 1 liter of
yerba mate consumed [31]. Yerba mate’s caffeine,
caffeic acid, and chlorogenic acid content exceed the
intake recorded in the literature for other beverages.
In this study, the anti-cancer effect of aqueous
yerba mate extract was tested against three
colorectal cancer cell lines (Caco-2, HT-29, HCT116)
and a non-tumorigenic colon cell line NCM460. The

extract was prepared according to method of

consumption and concentrations studied correspond
to consumed values [31-32]. A significant decrease in
viability was observed using Trypan Blue assay with all
three tested colorectal cancer cell lines at
concentrations of 2.4 mg/mL and 4.8 mg/mL yerba
mate extract at 24 and 48 hr. Anti-proliferative effects
were also observed with IC50 ranging between 0.22-
0.69 mg/ml at 24 hr, 0.06-0.77 mg/ml at 48 hr, and
0.02-0.18 at 72 hr. Previous studies show anti-
proliferative activity of yerba mate extracts with IC50
0.22 mg/mL for Caco-2 and HT-29 cells at 48 hr [21]
and IC50 values of 0.25 mg/mL for CT26 and 0.46
mg/mL for COLO 205 cells at 72 hr [22]. Values of IC50
differ due to differences in method of extract
preparation. Derivatives from yerba mate extract,
such as caffeoylquinic acid, also exhibit anti-
proliferative activity on human colon cancer cell line
through apoptosis [20].

Caco-2 and HCT116 cells were more susceptible

to yerba mate extract, in this study, than HT-29 or
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NMC460. Berg et al. (2017) classified 34 colorectal
cancer cell lines according to their molecular
characteristics into either colon-like or
undifferentiated cell lines [33]. Interestingly, Caco-2
and HCT116 were categorized as undifferentiated and
HT-29 as colon-like. The undifferentiated cell lines
originate from tumors with inferior prognosis in
comparison to colon-like cells. Therefore, it would be
expected that among the three studied colorectal
cancer cell lines, the IC50 values in the colon-like HT-
29 cells would be the closest to the values seen for
NCM460, a non-tumorigenic colon cell line. Further
studies would be required to investigate the
mechanism that potentiates differentiated or colon-
like cell lines to be more resistant to yerba mate
extract than poorly or undifferentiated colorectal
cancer cell lines.

It is not clear in literature whether the non-
tumorigenic human colon cell line NCM460 can be
used as a control. NCM460 was previously described
as a control cell line in anti-cancer strategies against
colon cancer since NCM460 cells uses 40% less
glucose and shows an active tricarboxylic acid cycle
contrary to the reported metabolic profile of cancer
cells [34]. NCM460 is also considered as a control
model in a study where P. anaerobius induces the
proliferation of Caco-2 and HT-29 cells [35]. However,
Zeng et al. (2017) show that butyrate inhibits the
proliferation of both HCT116 and NCM460 cells but
with less death in NCM460 [36]. The latter results
correspond to the effect of the aqueous yerba mate
extract on NCM460 cells reported in this study.

To further understand the mechanism of anti-
proliferative activity of the aqueous yerba mate
extract, Annexin V-FITC assay was studied on the cell
line with the lowest IC50 obtained. A significant
decrease in the number of viable cells was observed

in Caco-2 cells that was time and dose dependent. An
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increase in the percentage of late apoptotic Caco-2
cells was observed following 24 and 48 hr treatment
with yerba mate extract (0.6-4.8 mg/mL); whereas no
differences were noted in the percentage of early
apoptotic cells post treatment. In a previous study,
yerba mate infusions induced 30% and 28% of early
apoptotic cells in SW620 and SW480 cells respectively
at 48 hr [37]. Further analysis was done by performing
cell cycle analysis on Caco-2 cell lines using flow
cytometry. Treatment with 2.4 mg/mL of aqueous
yerba mate extract increased the percentage of Caco-
2 cells in the subG0/G1 phase (17.5%) compared to
the control (7.7%) at 48 hr. Moreover, aqueous
extract of llex paraguariensis are reported to increase
the SubG0/G1 percentage by 16% in SW620 and by
38% in SW480 cells [37]. Likewise, our aqueous yerba
mate extract also enhanced the GO/G1 phase. One of
the main characteristics of apoptosis is nuclear
fragmentation and while the SubG1l peak could
represent apoptotic cells, necrotic cells could also
contribute to this peak [38]. Furthermore, cells could
go through apoptosis at the S or G2/M phases and
therefore, they will not be observed in the SubG1
peak. It has been suggested that the anti-proliferative
activity of the yerba mate extract on CT26 and COLO
205 cells was through induction of apoptosis [22].
More work is needed to understand the mechanism
of action of yerba mate extract on different cell lines

studied.

CONCLUSIONS

In summary, the aqueous yerba mate extract
prepared with conditions that mimic that of
consumption, exhibit a strong anti-proliferative
activity against the adenocarcinoma cell lines studied.
Thus, itis of interest as a functional food or to be used
as an adjuvant to anti-cancer therapy. Further

experiments should be conducted to evaluate active
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biological components of yerba mate and to further

understand its mechanism of action.

List of Abbreviations: DMEM: Dulbecco’s Modified
Eagle Media, FBS: Fetal Bovine Serum, IC50: Half-
maximal Inhibitory Concentration, LDH: Lactate
Dehydrogenase, PBS: Phosphate Buffer Saline, PI:
Propidium lodide, WST-1: 2-(3-lodophenyl)-3-(4-
Nitrophenyl)-5-(2,4-Disulfophenyl)-2H-Tetrazolium

Monosodium Salt.
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