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Abstract In recent years, there has been growing interest in
plant-derived products for their bioactive properties., Results
and Conclusion. This study aimed to verify the effect of an
herbal-food supplement, comprising alcoholic extracts of
Epilobium, Urtica dioica and Evernia prunastri (YATROS,
Etnopharma, Turin, Italy), alone or in combination with 5-
Fluorouracil, on cell growth, DNA synthesis, cell-cycle pro-
file, cytoskeleton reorganization and E-cadherin protein ex-
pression, in the murine colon carcinoma cell line C26.
Assays used were respectively the Neutral Red uptake assay,
median effect analysis, tritiated thymidine incorporation, flow
cytometry, Phalloidin staining, and immunohistochemistry. A
chemical fingerprint and multidimensional HPLC-UV-HRMS
analysis was also performed on the herbal-food supplements.
Intriguingly, a substantial synergistic inhibitory effects on cell
growth, DNA synthetic activity and percentage of cells in S
phase were noticed when YATROS was combined with 5-
Fluorouracil, reducing both dose and timing of exposure of
C26 cells to the drug. Moreover, by inducing cytoskeleton
reorganization and E-cadherin expression, YATROS can in-
terfere with tumor cell invasiveness. These indications of an

agonistic interaction between YATROS and 5-Fluorouracil in
colon carcinoma cells may be of interest for clinical applica-
tions, and thus merit further investigation.
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Introduction

There is renewed global interest in herbal medicines in the
area of disease management, as their clinical efficacy and
mechanisms of action are being elucidated. Considerable
progress has been made, with scientific reports on physiolog-
ical and cellular effects of herbals as immunomodulatory, an-
titumor, antimicrobial and antioxidative agents.

YATROS (Etnopharma, Turin, Italy) is a herbal-food sup-
plement comprising alcoholic extracts of several medical plant
species, known to possess many therapeutic properties. In
particular, it contains three different species of Epilobium
(Epilobium parviflorum, Epilobium angustifolium,
Epilobium hirsutum), together with Urtica dioica and
Evernia prunastri.

Epilobium species are rich in macrocyclic tannins, flavo-
noids, phytosterols and polyphenols (Ducrey et al. 1995;
Hierman 1995), traditionally used to treat a variety of medical
problems, such as gastrointestinal, and prostate diseases, and
to improve the healing of wounds (Vitalone et al. 2003;
Safarinejad 2005; Hevesi Tóth et al. 2009; Shoskes and
Manickam 2003; Steenkamp et al. 2006).

Oenothein B, a dimeric macrocyclic ellagitannin, the ma-
jor component of Epilobium species (Ducrey et al. 1997),
has been reported to exhibit significant immunomodulatory,
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antiinflammatory, antioxidant, antitumor, antibacterial ac-
tivities (Hevesi Tóth et al. 2009; Steenkamp et al. 2006;
Schepetkin et al. 2009; Di Lorenzo et al. 2013; Cragg and
Newman 2005).

Urtica dioica L., belonging to Urticaceae family, is tradi-
tionally employed as a herbal remedy in a wide spectrum of
a i lmen t s , fo r i t s immunomodu la to ry, d iu r e t i c ,
antinflammatory and analgesic properties (Gülçin et al.
2004; Kanter et al. 2005).

Evernia prunastri, also known as Oakmoss, is a lichen that
can be found in manymountainous temperate forests through-
out the Northern hemisphere. It contains an important
metabolite, usnic acid, which possesses antimicrobal and
antiprotozoal activity, and antiinflammatory, analgesic and
antipyretic effect (Huneck 1999; Mitrović et al. 2011).

An interesting application of natural compounds is in
preventing or treating cancer due to their safety, low toxicity
and general (Damle 2015). Natural products or their structural
relatives still comprise about 50% of the drugs that are used
for cancer chemotherapy (Mann 2002). The efficacy of spe-
cific dietary supplements as chemopreventive agents for pri-
mary and tertiary cancer prevention has not yet been
established. However, an area in which for several decades
plant alkaloids, such as vinblastine, vincristine, taxol and
camptothecin, serve as very useful chemotherapeutic agents
in diverse cancer types (Yap et al. 2010).

Recently, several studies have suggested that plant extracts
can also reduce side effects and enhance antitumor efficacy,
when combined with conventional drugs in cancer treatment
(Yap et al. 2010; Sak 2012).

Colorectal carcinoma (CRC) is the third commonest form
of cancer, and the second cause of cancer-related death, in the
Western world (Siegel et al. 2016). Despite the emergence of
new targeted agents, and the use of various therapeutic com-
binations, none of the treatment options available is curative in
patients with advanced cancer. The pyrimidine analogue 5-
Fluorouracil (FU) is one of the most widely used chemother-
apeutic agents as adjuvant therapy for colon cancer, but this
drug has serious side effects, including nausea, fatigue, and
decreased blood-cell number (Gustavsson et al. 2015).

All the components of YATROS are reported to exhibit
antiproliferative effects, but their anticancer activity as single
agents or in association with standard drugs has yet to be
studied.

The aim of this study is to verify the effect of YATROS,
alone or in combination with 5-FU, on cell growth, cell-cycle
profile and morphology of the murine colon adenocarcinoma
cell line C26 to obtain scientific knowledge for the possible
future expansion of the research to an orthotopic transplanta-
tion of C26 cells in syngeneic BALB/c mice to mimic the
human cancer most closely.

Within this study, we perform also a phytochemical
characterization of the herbal extract combination by

multidimensional HPLC analysis, with photodiode UV
and high resolving power mass spectrometry as detectors.

The results of the study provide molecular evidence in
support of the hypothesis that YATROS may act as agonistic
agent in combination with 5-FU.

Materials and methods

Reagents

YATROS, a gift from Etnopharma (Turin, Italy), consists
of hydroalcoholic extracts of Epilobium (parviflorum,
Epilobium angustifolium, Epilobium hirsutum) top
(40%), Urtica dioica (40%) and Evernia prunastri
(20%). The concentration of dry matter was 11,500 mg/
ml. 5-FU (FLUOROURACILE TEVA®, Teva Pharma
Italia Srl, Milan, Italy). 3-caffeoylquinic acid, coumaric
acid, rutin, myricetin, quercetin were from Sigma
Aldrich (Milan, Italy). Formic acid (99%) was from
Merck (Milan, Italy). Ultrapure HPLC grade water was
obtained from a MilliQ System (Millipore, Milan, Italy).
HPLC grade acetonitrile was from VWR (Milan, Italy)
and was filtered through a 0.45 μm filter before use.

Food supplement sample analysis

YATROS solution was diluted 50:50 v/v with ultrapure water
before analysis and injected in the chromatographic system.
As reference a solution obtained bymixing 1.0 mg L−1 of each
of the following standard polyphenolic compounds was used:
3-caffeoylquinic acid, p-coumaric acid, rutin, myricetin,
quercetin.

Liquid chromatography - mass spectrometry (LC-MS)
analysis

The chromatographic separations were run on an Ultimate
3000 HPLC (Dionex, Milan, Italy) coupled to two detectors
in series: a Thermo Scientific Surveyor PDA diode-array UV-
vis detector and a high resolving power mass spectrometer
LTQ Orbitrap (Thermo Scientific, Rodano, Italy), equipped
with an electrospray ion source (ESI). Samples were analyzed
using an RP phenyl-hexyl column (Phenomenex Luna,
150 × 2 mm, 3 μm particle size, Phenomenex, Castel
Maggiore, Bologna, Italy) at 200 μL min−1 flow rate. The
mobile phase composition was varied with a gradient from
5% of acetonitrile and 95% of 0.2% aqueous formic acid to
100% of acetonitrile in 35 min. The injection volume was
20 μL. UV spectra were acquired within the range 200–
450 nm. The tuning parameters adopted for the ESI source
were: source voltage 3.40 kV, capillary voltage −12.00 Vand
tube lens voltage −52.34 V. The heated capillary temperature
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was maintained at 265 °C. The mass accuracy of the recorded
ions (vs the calculated ones) was ±1 mmu (milli-mass units).
Analyses were run using both full mass spectrum (MS) (115–
1200 m/z range) and tandem mass spectra (MS/MS) acquisi-
tion in the negative ion mode.

Murine colon adenocarcinoma cell line C26

BALB/c-derived, C26 colon adenocarcinoma cell line was
grown in RPMI 1640 medium (Life Technologies, Inc.,
Grand Island, NY) supplemented with 10% fetal calf serum
(FCS, Sigma Aldrich) (complete medium). The cell line was
routinely screened for Mycoplasma contamination, using the
Hoechst dye H33258 (Sigma Aldrich).

Cell survival assay

C26 cells, at an initial concentration of 5 × 103 cells/well,
were seeded in triplicate in 96-well plates, in complete me-
dium and allowed to adhere for 24 h. Then, the cells were
exposed to different concentrations of YATROS (range
from 0.01 to 1000 μg/ml) or of 5-FU (range 0.01 to
100 μg/ml) for time periods ranging between 24 and 72 h.
Cells cultured in the presence of alcohol, at the concentra-
tions contained in the YATROS doses tested, or in the ab-
sence of YATROS and 5-FU, acted as vehicle control and
control, respectively. Sodium Lauryl Sulfate was used as
positive control. Cell viability was determined by Neutral
Red uptake (NRU) assay, performed as described elsewhere
(Repetto et al. 2008). Percent growth relative to untreated
controls was calculated based on the NR readout, and the
calculated IC50, defined as the concentration of drug that
produced 50% reduction in control adsorbance, was obtain-
ed using CalcuSyn software (Biosoft, Cambridge, United
Kingdom). In the combination experiments, C26 cells were
exposed for 24, 48 and 72 h to YATROS and 5-FU at con-
centrations that were 0.25×, 0.5×, or 1× of the relative cal-
culated IC50 value. Synergy or antagonism were determined
using CalcuSyn analyses, based on the multiple drug effect
equation of Chou and Talalay (Chou and Talalay 1984) and
quantified by the Combination Index (CI). CI = 1 indicates
an additive effect; CI < 1 shows synergy; CI > 1 shows
antagonism.

(3H)-thymidine (TdR) proliferation assay

C26 cells were seeded in triplicate at an initial concentra-
tion of 5 × 103 cells/well in 96-well plates, in complete
medium and allowed to adhere for 24 h. Then, the cells
were exposed to different concentrations of YATROS and
5-FU, as single agents or in association, for 24 h at the
concentrations indicated. To determine DNA synthesis,
cells were pulsed with (3H)-TdR (Perkin Elmer, 1 μCi/

well) for the last 4 h of incubation. Cellular DNA was
collected on glass fiber filters, and (3H)TdR incorporation
was measured in a β-counter. Results are expressed as me-
dian CPM (count per minute) (range) in triplicate.

Flow cytometry analysis of cell cycle distribution

C25 cells were exposed to drugs, as single agents or in asso-
ciation, for various time periods as indicated. Cells floating in
the culture supernatants were harvested by centrifugation, and
combined with adherent cells detached by incubation with
trypsin for 3 min at 37 °C. Cell preparations were fixed with
70% ice-cold ethanol. Cell cycle distribution was performed
using a Coulter Epics IV Cytometer (Beckman Coulter,
Inc.,Fullerton, CA) as described elsewhere (Bellone et al.
2006). The percentage of cells with hypodiploid DNA content
(sub-G1 fraction) was calculated by Expo 32 software
(Beckman Coulter).

Phalloidin staining

C26 cells were cultured at 1 × 104/200 μl in chamber slides.
After exposure to YATROS and 5-FU, alone or in combina-
tion, cells were rinsed in PBS and fixed in 2% paraformal-
dehyde for 15 min at RT. Excess aldehyde was quenched
with 0.1 M glycine in PBS for 5 min. The cells were perme-
abilized in 0.1% Triton-X100 in phosphate buffered saline
(PBS) for 1 min and incubated in fluorescein isothiocyanate
(FITC) conjugated Phalloidin (Molecular Probes,
Invitrogen, Carlsbad, CA) diluted 1:100 in PBS for
15 min. After washing 3 times for 5 min in PBS, slides were
mounted for microscopy, using PBS-buffered 50% glycerol
as mounting medium.

Immunocytochemistry

C26 Cells were cultured in Lab-Tek II 8-well chamber slides
(Nalge Nunc, Rochester, NY, USA) in the absence or pres-
ence of YATROS (0.25× IC50 dose) for 72 h. Cells were
fixed in 2% formalin for 20 min, rinsed with PBS, perme-
abilized with 0.5% saponin for 10 min and rinsed 3 times
with PBS. cells were treated with 3% H2O2 for 10 min, and
then with 5% normal goat serum for 30 min to inhibit en-
dogenous peroxidase activity and prevent non-specific
staining, respectively. The cells were incubated with the
primarymonoclonal antibody anti-E-cadherin crossreacting
with mouse (Cell Applications, Inc., San Diego, CA) for
45 min first, followed by incubation with an appropriate
biotinylated secondary antibody. Finally, the cells were in-
cubated with avidin-biotin peroxidase complex solution for
30 min, with diaminobenzidine tetrahydrochloride as chro-
mogen. The slides were finally counterstained with Mayer’s
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hematoxylin for 5 s, dehydrated, and mounted in Clarion
(Biomeda, Foster City, California, USA).

Statistical analysis

To assess statistically-significant differences between datasets
the nonparametric Kruskal-Wallis test followed by Dunn’s test
for multiple comparison was performed using GraphPad soft-
ware version 4 (San Diego, CA). P values <0.05 were consid-
ered statistically significant.

Results

YATROS herbal-food supplement characterization

In order to characterize the food supplement and to obtain
chromatographic fingerprints of the sample a reverse
phase gradient chromatographic separation of the herbal
extract combination was carried out. Literature data about
supplement herbal components show significant presence
of polyphenolic substances. We chose to search for the
ones described as most abundant as biomarker of the
plant material by using in series UV detection and high
resolving power mass spectrometry (Baiocchi et al. 2013).
The UV chromatogram acquired at 300 nm wavelength is
reported in Fig. 1. The hydrophobicity of the mobile
phase was hugely modulated starting from a 95% aqueous
eluent to pure organic modifier. Within this range a very
large number of known polyphenol compounds could be
eluted (Hevesi Tóth et al. 2009; Orčić et al. 2014;
Kosanić et al. 2013).

Plant materials biomarkers were qualitatively identified by
searching for their accuratem/z values in high resolving power
Fourier transform mass spectrometers (FTMS) chromatogram

and studying the relative MS/MS fragmentation (3-D-MS
HPLC). The standard mixture was used as reference. In
Fig. 2 we report a FTMS spectrum agreeing to the isoto-
pic pattern of the double charged molecular negative ion
formed from oenotherin B, the main polyphenol com-
pound present in Epilobium genus (Hevesi Tóth et al.
2009). This compound was eluted with a retention time
of 6.9 min. Figure 3 shows LC-FTMS and MS/MS traces
corresponding to the molecular ion of quercetin-7-O-
glucuronide (retention time 9.7 min). The product ion at
301.0357 m/z correspond to the aglicone moiety (querce-
tin negative ion) by the loss of unsaturated glucuronic
acid. In Fig. 4 the structures of the molecular ions and
the MS/MS fragmentation schemes that we hypothesized
to identify the molecular biomarkers are shown .
Quercetin-7-glucuronide and its analogous myricetin-3-
O-rhamnoside (retention time 9.7 min, 463.0870 m/z)
were reported as the most abundant polyphenols of
Epilobium.

In an similar way it was possible to identify signals
relative to the polyphenol biomarkers of Evernia prunastri
(Kosanić et al. 2013) evernic acid (retention time
24.4 min, 331.0818 m/z) and physodic acid (retention time
24.4 min, 471.1655 m/z) and of Urtica dioica: quinic acid
(retention time 2.2 min, 191.0556 m/z); p-coumaric acid
(retention time 9.4 min, 163.0401 m/z); 5-O-caffeoylquinic
acid (retention time 5.9 min, 353.0862 m/z).

Growth inhibitory effects of YATROS and 5-FU
on the C26 colon adenocarcinoma cell line

To establish the growth inhibitory effects of YATROS alone
or in combination with 5-FU, C26 cells were first cultured in
the presence of YATROS (range 0.01 to 1000 μg/ml) and 5-
FU (range 0.01 to 100 μg/ml) as single agents, for 24, 48

Fig. 1 HPLC chromatogram
relative to the YATROS herbal
drug extract combination
acquired by UV detector at
300 nm of wavelength.
Chromatographic conditions are
reported in the experimental part
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and 72 h. As shown in Fig. 5a, both YATROS and 5-FU
exhibited dose-time-dependent cytostatic/cytotoxic activi-
ty. However, median-effect analysis (Fig. 5b) demonstrated
that 5-FU is a more potent cytotoxic agent than YATROS in
C26 cells, as expressed both by the computed potency
values [Dm (IC50): 0.69 μg/ml for 5-FU versus (vs.)
238.34 μg/ml for YATROS] after 72 h treatment, and by
the slope coefficient of the curve (m: 0.455 for 5-FU and
0.534 for YATROS), with a high conformity coefficient for
both agents (r: 0.785 and 0.920, respectively).

Interactions between YATROS and 5-FU affecting growth
of C26 cells

Using the Chou and Talalay method (Chou and Talalay
1984), we assessed whether the YATROS plus 5-FU com-
bination produced synergistic, additive, or antagonistic
effects on the growth of C26 cells. This method is based
on the median-effect equation, derived from the mass-
action law principle and provides algorithms for automat-
ed computer simulation for synergism and/or antagonism

Fig. 2 LC-FTMS negative ion
spectrum corresponding to the
molecular bicharged ion of
oenothein B (C68H46O44),
recorded (top) vs. simulated
(bottom)

Fig. 3 LC-FTMS chromatogram corresponding to the molecular ion
generated from quercetin-glucuronide (477.0663 m/z). The top trace
shows the FTMS signal and the middle one the MS/MS ion current. In
the bottom MS/MS spectrum recorded in the peak at 9.6′ is reported MS/

MS fragmentation schemes of the main identified molecular biomarkers:
oenothein B, quercetin-7-O-glucuronide (from Epilobium), physodic acid
(from Evernia), p-coumaric acid, 5-caffeoylquinic acid (from Urtica)
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at any effect and dose level. The resulting CI values re-
flect the nature of the interaction and offer efficiently
quantitative definition for additive effect (CI = 1), syner-
gism (CI < 1), and antagonism (CI > 1) (Chou 2010).

In this analysis, C26 cells were exposed for 24, 48, and
72 h to YATROS plus 5-FU combined, at concentrations
from the IC50 dose obtained for the agent alone, to 0.25×
IC50, maintaining a fixed ratio of 1:400. As shown in
Table 1, which summarizes the quantitative measure of
the degree of drug interaction in terms of effect for a
given endpoint, after 24 h exposure, CI values for IC50,
0.5 x IC50 and 0.25 x IC50 estimates were all above the
additive CI of 1, indicating a synergistic effect of
YATROS and 5-FU when administered simultaneously.
After 48 and 72 h exposure this effect was no longer
present.

Effects of YATROS and 5-FU alone or in combination
on DNA synthesis in C26 cells

To assess whether YATROS and 5-FU, alone or in com-
bination, can affect DNA synthetic activity, [3H]-TdR up-
take was measured in C26 cells after 24 h treatment. As
shown in Table 2, DNA synthesis was not significantly

suppressed by any concentrations tested of both YATROS
and 5-FU compared to untreated cells. When C26 cells
were exposed to YATROS and 5-FU associated, at differ-
ent concentrations, DNA synthesis was significantly re-
duced in a synergistic fashion, in comparison with the
single doses of the two agents alone.

Effects of YATROS and 5-FU alone or in combination
on cell cycle distribution of C26 cells

To assess whether the inhibition of metabolic rates by
YATROS and 5-FU, alone or in combination, observed
to occur by the NRU and 3H–TdR assays after 24 h ex-
posure, was due to inhibition of cell cycle progression or
to induction of apoptosis/necrosis, we analyzed the effects
of the drugs on cell cycle distribution, using flow cytom-
etry. A representative experiment is shown in Fig. 6.
Table 3 shows that all phases of the cell cycle were not
significantly affected by 24 h treatment with either 5-FU
or YATROS compared to those of untreated cells
(p < 0.05). The combination of YATROS plus 5-FU
was, conversely, associated with lower rates of cells in S
phase and higher rates of cells in pre G0/G1 phase.

Fig. 4 Molecular ion structure and MS/MS fragmentation schemes of the main identified molecular biomarkers: oenothein B, quercetin-7-O-
glucuronide (from Epilobium), physodic acid (from Evernia), p-coumaric acid, 5-caffeoylquinic acid (from Urtica)
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Morphological changes of C26 cells cultured
in the presence of YATROS

Interestingly, YATROS, but not 5-FU, was found to alter the
morphology of C26 cells. As shown in Fig. 7, in untreated
control cells and 5-FU exposed cultures, the cells tended to be
rounded and more disorganized than the cells developing after

exposure to YATROS for 72 h at the 0.25× IC50 dose
(59.62 μg/ml), in which case cells appeared more spread out
and spindle-shaped.

YATROS treatment induced cytoskeleton remodeling

Since cell morphology is directly influenced by intracellular
actin, we hypothesized that, when C26 cells are cultivated in
the presence of YATROS, these cells may also exhibit pro-
found differences in their F-actin content and organization,
compared to untreated or to 5-FU exposed cells.
Representative F-actin images, using the FITC-conjugate
Phalloidin, of C26 cells untreated or treated for 72 h with
0.25× IC50 dose of YATROS or 5-FU, are shown in Fig. 8.
In untreated or 5-FU- treated C26 cells, the F-actin was orga-
nized in a robust cortical ring. In contrast, YATROS induced
changes in actin organization, with actin polarization at the
edge of the cells.

Fig. 5 A) Dose-response curves of single-agent YATROS and 5-FU
treatment in C26 cells. Cells were treated with the agent for 24 (●), 48
(○) and 72 (■) hr. and cytotoxicity was analyzed by the growth inhibition
assay, using NRU (Neutral red uptake). The cytotoxicity assay was
repeated three times with three replications in each experiment, and
mean numbers of dead cells (% of vehicle-treated control value) were
plotted against drug concentrations. B) Median-effect plot of
cytotoxicity data of 72 h treatment with YATROS (●) and 5-FU (■)

developed by CalcuSyn software. The median-effect plot is based on
logarithmic form of Chou and Talalay’s equation, as described in the
Materials and Methods section. The median-plot is a plot of x = log(D)
versus y = log(fa/fu) where D is the dose of the drug, fa is the fraction
affected by the dose and fu is the fraction not affected by the dose. Based
on this equation, if median-effect dose and slope of the median-effect plot
are known, the drug dose in single-agent treatment corresponding to any
affected fraction can be determined

Table 1 CI values for YATROS and 5-FU administered simultaneously

Concentrations YATROS (μg/ml) 5-FU (μg/ml) CIa

0.25× IC50
b 59.62 0.149 0.280

0.50× IC50 119.25 0.298 0.432

IC50 238.5 0.5962 0.407

a CI = combination index. CI < 1 indicates a synergistic effect
b IC50 = concentration of drug that produced 50% reduction in control
adsorbance, obtained by CalcuSyn software
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YATROS treatment causes increase in E-cadherin
expression

Given the effects of YATROS on cell morphology and cyto-
skeleton reorganization, we next sought to investigate possi-
ble mechanisms underlying these effects. Epithelial cells
have intercellular adhesion, which is mediated via adherens
junctions and, in particular, through the adhesion molecule

E-cadherin. Disruption of adherens junctions through loss of
the E-cadherin function can stimulate cell motility
(Wijnhoven et al. 2000). Immunocytochemistry analysis
showed that YATROS treatment up-regulated E-cadherin
protein expression in C26 cells compared with untreated
cells (Fig. 9).

Discussion

In spite of the recent domination of synthetic chemistry as a
method to discover and produce new drugs, the potential of
bioactive plants or their extracts to provide new and novel
products for disease treatment and prevention is still enormous
(Raskin et al. 2002). Plants have a long history of use in the
treatment of cancer, and plant-derived compounds have been
an important source of several clinically-useful anti-cancer
agents (Damle 2015; Mann 2002; Yap et al. 2010).

The extracts of Epilobium, Urtica dioica and Evernia
prunastri, contained in the herbal-food supplement
YATROS, are known to be rich sources of chemical constitu-
ents, that have been shown, in both in vitro and in vivo, to
exhib i t many the rapeu t i c proper t i e s , inc lud ing
antiinflammatory, analgesic, antiandrogenic, antiproliferative,
antifungal, antimicrobial, antinociceptive, and antioxidant
properties (Vitalone et al. 2003; Di Lorenzo et al. 2013;
Cravotto et al. 2010; Grant and Ramasamy 2012; Webster
et al. 2008; Rauha et al. 2000; Pourmorad et al. 2007;
Stajner et al. 2007). Analyzing the herbal extract combination

Fig. 6 Cell-cycle analysis by
flow cytometry of C26 cells
treated with YATROS and 5-FU
alone or in combination. C26 cells
were exposed to single or
combined 0.25× IC50 doses of
YATROS and 5-FU. The cells
were fixed with 70% ice-cold
ethanol, stained with propidium
iodide and analyzed by flow
cytometry. The percentages of
cells in the G0/G1, S and G2/M
are detailed in Table 3. Data refer
to a representative experiment
after 24 h treatment

Table 2 Effect of YATROS and 5-FU alone or in combination onDNA
synthetic activity in C26 cells

Drug concentration [3H]-TdR uptake CPM
median (range)a

0 (control) 911 (834–927)

YATROS (59.62 μg/ml, 0.25 × IC50) 831 (744–969)

YATROS (119.24 μg/ml, 0.5 × IC50) 881 (780–1026)

YATROS (238.5 μg/ml, 1 × IC50) 231 (206–253)

5-FU (0.149 μg/ml, 0.25 × IC50) 310 (206–570)

5-FU (0.298 μg/ml, 0.5 × IC50) 223 (204–266)

5-FU (0.5962 μg/ml, 1 × IC50) 395 (311–489)

YATROS +5-FU (0.25 × IC50) 153 (138–185)*

YATROS +5-FU (0.5 × IC50) 151 (144–183)**

YATROS +5-FU (1 × IC50) 74 (67–92)*

*p < 0.05 vs control

**p < 0.01 vs control

***p < 0.001 vs control
a CPM (counts per minute) values are median (range) of four different
experiments
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by 3D–HPLC-UV and 3-D-HPLC-MS we were able to iden-
tify the foremost molecular biomarkers of the plant constitu-
ents of YATROS as described in literature, Epilobium, Urtica
dioica, and Evernia prunastri (Hevesi Tóth et al. 2009; Orčić
et al. 2014; Kosanić et al. 2013).

Despite the emergence of new targeted agents, and the use
of various therapeutic combinations, none of the treatment
options currently available is curative in patients with ad-
vanced CRC.

In this study, we evaluated the effect of exposure to
YATROS and 5-FU, singly or combined, on in vitro
growth inhibition, DNA synthesis, cell-cycle distribu-
tion, cytoskeleton reorganization, and E-cadherin protein
expression, in murine colon adenocarcinoma cell line
C26.

As expected, median-effect analysis, expressed through
computed potency values, demonstrated that 5-FU has
more potent cytotoxic activity than YATROS in C26 cells
(IC50: 0.69 μg/ml for 5-FU versus 238.34 μg/ml for
YATROS). Interestingly, investigation of the influence of
YATROS on 5-FU-induced antiproliferation in C26 cells
indicated that cell growth decreased more with the com-
bined treatment than it did with 5-FU or YATROS alone.
In particular, in combination therapy, YATROS may reduce
dose and required timing of exposure to 5-FU to achieve the
desired effect, and thereby decrease the dose-related toxic-
ity caused by 5-FU.

Drug combination is most widely used in treating cancer.
The main aims are to achieve synergistic therapeutic effect,

dose and toxicity reduction, and to minimize or delay the
induction of drug resistance (Chou 2006).

Our in vitro results showing the antiproliferative efficacy of
YATROS in the C26 cells and its synergistic interaction with
the clinically used chemotherapeutic agent 5-FU suggest that
YATROS can be used as a modulator which may have a po-
tential therapeutic value for the treatment of CRC patients.
Certainly, these interesting results need to be further evaluated
by performing in vivo studies to confirm the efficacy in en-
hancing the drug effect and in lowering its toxicity without
affecting the normal cells.

To elucidate the potential mechanism underlying the en-
hancement of YATROS on the 5-FU-induced antiproliferative
effect in C26 cells, we analyzed the perturbations induced by
the two products on the cell cycle by flow cytometry and the
DNA synthetic activity by [3H]-TdR uptake. In summary, we
show that the combination of YATROS plus 5-FU was asso-
ciated with lower rates of cells in S phase and higher rates of
cells in G0/G1 phase. The slight but significant agonistic in-
teraction of YATROS with 5-FU at the DNA level might ex-
plain the increased growth inhibition observed when the two
agents are used in combination.

Several studies have reported that cancer cell transforma-
tion can lead not only to molecular drift but also to changes in
the actin architecture and cytoadherance (Suresh 2007). By
staining for F-actin with fluorescently-labeled Phalloidin, we
show that YATROS, but not 5-FU treatment, induces a
reorganisation of F-actin microfilaments and significantly flat-
ter cell shape. The actin cytoskeleton is central to the

Table 3 Effect of YATROS and
5-FU alone or in combination on
cell cycle phase distribution in
C26 cells (after 24 h)

Drug concentration Phase % cells median (range)

0 (control) G0/G1 56.4 (50.9–61.9)a

S 23.2 (20.3–26.4)

G2/M 18.0 (13.9–23.5)

pre-G0/G1 2.6 (1.5–4.3)

YATROS (59.62 μg/ml, 0.25× IC50) G0/G1 65.9 (60.4–71.7)

S 17.4 (15–19.1)

G2/M 12.9 (9.3–16.4)

pre-G0/G1 3.9 (3.3–4.7)

5-FU (0.149 μg/ml, 0.25× IC50 G0/G1 64.1 (61.4–66.5)

S 14.9 (10.7–16.6)

G2/M 12.7 (8.3–17.5)

pre-G0/G1 8.6 (4.7–14.9)

YATROS +5-FU (0.25× IC50) G0/G1 65.4 (62.2–67.3)

S 12.5 (11.2–13.6)**

G2/M 10.6 (6.2–13.7)

pre-G0/G1 11.5 (6.5–18.8)*

*p < 0.05 vs control

**p < 0.01 vs control
a Values are median (range) of four different experiments
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regulation of membrane-associated signaling and mem-
brane trafficking, and is involved not only in cell motilily,
but also in both early and late stages of apoptosis (Gourlay
and Ayscough 2005).

On progression to high-grade neoplasia, cancer cells ac-
quire the ability to invade neighboring tissues and, ultimately,
to metastasize. Epithelial cell adhesion molecule E-cadherin is
a protein prominently associated with tumor invasiveness,
metastatic dissemination, and poor patient prognosis (Onder
et al. 2008). This single-span transmembrane glycoprotein
establishes homophilic interactions with adjacent E-cadherin
molecules expressed by neighboring cells, thereby forming
the core of the epithelial adherens junction (Nagafuchi et al.

1987). Moreover, its cytoplasmic domain associates with a
number of proteins, including catenins (α, β, and p120),
which link E-cadherin to the actin cytoskeleton.

The loss of the E-cadherin function elicits active signals
that support induced cytoskeleton remodeling, and metastatic
dissemination E-cadherin expression is down-regulated at the
invasive front in a variety of cancers, including CRC (Tsanou
et al. 2008). Interestingly, by immunocytochemistry we found,
that treatment of C26 cells with YATROS increased the expres-
sion of E-cadherin, potentially restoring E-cadherin-mediated
homophilic interactions, and ultimately reducing the metastatic
potential of cancer cells.

Xenograft models using human tumor cells transplanted
into nude mice play an important role in the screening and

Fig. 8 YATROS treatment reorganizes the actin cytoskeleton in C26
cells. C26 cells were treated or not with YATROS or 5-FU at 0.25×
IC50 doses for 72 h. Actin microfilaments were evidenced by
fluorescence microscopy using Phalloidin-FITC labeling of F-actin.
One representative experiment is shown

Fig. 7 Morphological changes of C26 cells in the presence of YATROS.
C26 cells were cultured for 72 h in the absence or presence of 0.25× IC50

of YATROS (59.62 μg/ml) or 5-FU (0.149 μg/ml. The figure shows an
example of a field containing untreated cells (A), cells treated with 5FU
(B) or with YATROS (C)
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evaluation of candidates for new anticancer agents. However,
these animals cannot model the physiological responses to
cancer cells because immune deficient mice are severely com-
promised in immunity (Bankert et al. 2001).

Although the significance of the present in vitro study is
somewhat limited, nevertheless is encouraging, and YATROS,
by virtue of its synergistic activity with 5-FU, most certainly
deserves further investigation in an orthotopic animal model
of colon cancer in syngeneic mice that more closely mimics
the situation seen in human cancers, and in additional well-
designed preclinical and clinical studies, to establish the pos-
sible role of this herbal-supplement in cancer therapy.

Collectively, these results provide molecular evidence in
support of the growing scientific evidence that herbal medi-
cines can be used in cancer treatment as complementary and/
or alternative therapy. Moreover, they may also be relevant in
the clinical course context. Combination treatment with
YATROS may improve the overall efficacy of individual 5-
FU treatment in colorectal carcinoma, and possibly also in
other types of cancer, resulting in the possibility of lower
doses and, consequently, reduced toxicity.
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