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Abstract

Some recent results reported that aspirin (acetylsalicylic acid) had a positive effect on the treatment of certain types of can-
cer. However, the results cannot be generalized and it is not always clear whether it is a direct anticancer effect or a general
health effect. Since plants produce different amounts of salicylic acid, we have sought a relationship between the salicylic
acid content of some plant extracts and their anticancer activity. Growing of wheat and rice plants were carried out under
controlled conditions. The salicylic acid content was determined by high-performance liquid chromatography. The viability
and cell cycle assays were performed on HepG2 and Caco-2 cell lines. Despite the high content of salicylic acid, the extracts
from rice plants did not show significant anticancer activity. In spite of the low salicylic acid content, the positive effect
of wheat germ was confirmed in both tests. There is no direct relationship between the salicylic acid content of the plant
extracts and their anticancer activity. However, it has been proven that young wheat germ is more effective than mature leaf.
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Introduction

The risk of developing cancer is estimated to be around 40%
worldwide, a trend that continues to increase, particularly
in developing countries [14]. Around 3.2 million new cases
occur each year in Europe, resulting in around 1.7 million
deaths [7]. Some results indicate that long-term use of aspi-
rin (acetylsalicylic acid) may reduce the risk of certain types
of cancer, especially gastrointestinal cancers. In particular,
studies in animal models suggest that the effect is at least in
part related to inhibition of cyclooxygenase enzymes and
reduction in prostaglandin production [2]. Recent clini-
cal studies have shown positive effects not only in animals
but also in humans [10, 20]. Other results, however, have
shown that there is no close association between aspirin use
and risk of prostate cancer mortality [26], but that aspirin
use may provide longer survival period for patients before
and after diagnosis of prostate cancer, highlighting the
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importance of preventing comorbidity in prostate cancer
among its survivors [25].

Nowadays, it is becoming increasingly common for peo-
ple to prefer natural products over synthetic medicines. In
addition to this kind of “fashion” in the developed world,
such products are especially of great importance in the
health care of developing countries.

The active ingredient in aspirin is salicylic acid, which
is found in very large amounts in various forms in certain
plants. The most well-known example is the willow bark,
which has been used since antiquity for its antipyretic and
anti-inflammatory action. The word salicylic acid itself can
be traced back to the Latin name of the willow, Salix.

Early results showed that salicylic acid as a plant hor-
mone plays an important role in disease resistance and
programmed cell death. Infection of plants with pathogen
induces the biosynthesis and accumulation of salicylic
acid. Studies have shown that increased salicylic acid
accumulation may also be associated with a hypersensi-
tive reaction. Its role has been confirmed in both local and
systemic acquired resistance [5, 19]. In plants, NPR1 and
its orthologs, NPR3 and NPR4 are known as receptors for
salicylic acid [6, 8]. In addition to developing resistance to
biotic stressors, the use of exogenous salicylic acid has been
shown to be effective against various abiotic stresses. Most
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of these effects were due to an induction of the antioxidant
systems [9, 12, 22].

There are significant variations in the salicylic acid con-
tent of each plant species, and there are differences between
the individual organs of the plant and the state of develop-
ment, too. In addition, the salicylic acid content of plants
can be significantly increased under certain stressors, either
the above mentioned biotic effects or abiotic factors, espe-
cially heavy metal contamination [17]. Rice leaves usually
can be characterized with extremely high salicylic acid con-
tents. While in most other crops, including cereals, such as
wheat, the salicylic acid content is generally below 1 ug/g
fresh weight, it is often higher than 30-40 pg/g fresh weight
in various rice varieties [18]. The exact role of this high
salicylic acid content is still unknown. It is assumed that
SA plays role in maintaining redox balance and protecting
against oxidative stress [24].

Apoptosis and necrosis are two different forms of cell
death. Apoptosis is accompanied by reduction in cellular
volume, chromatin condensation, and nuclear fragmentation.
Apoptosis is also characterized by maintenance of plasma
membrane integrity until the final stages. Necrotic cell death
is accompanied by gain in cell volume, swelling of orga-
nelles, plasma membrane rupture and subsequent loss of
intracellular contents. Dying cells undergo a process that is
reversible until a first irreversible phase occurs, character-
ized primarily by caspase activation [15].

Since different plant species produce very different levels
of salicylic acid, we hypothesized that if salicylic acid had a
significant anticancer effect, the salicylic acid content of the
extracts from certain different plant species or organs could
also be positively correlated with their anticancer effects.
For the present study, HepG2 and Caco-2 cells were chosen
as liver and colorectal cancers are the most common wide-
spread cancer types causing high mortality rate. The used
cell lines are widely applied in vitro cell culture models, as
the gastrointestinal tract is an important route of exposure
for toxic food ingredients and beneficial food supplements
as well.

Materials and methods
Plant growth conditions

Mv Emese winter wheat (Triticum aestivum L.) and Janka
japonica rice (Oryza sativa L.) varieties were used for the
experiments. The seeds were germinated on filter paper
moistened with distilled water, in case of wheat for 3 days
in the dark at 22 °C, in the case of rice for 1 day at 37 °C and
then for another 3 and 6 days at 27 °C in the dark. For the
cultivation of adult plants, the plants were grown in hydro-
ponic solutions at 22/20 °C for wheat [17] and for rice at
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28/26 °C [18] in PGR-15 plant growth chamber (Conviron
Ltd, Winnipeg, Canada) at 250 umol/m? s photon flux den-
sity with 16/8 h light/dark periods. Samples for determi-
nation of salicylic acid contents from the shoots and roots
were taken 3 days after germination in Mv Emese wheat,
and 4 and 7 days after germination, and the youngest fully
developed leaves from the 21-day-old Janka rice plants. At
the first time points, with a 1-day shift, the developmental
stages of wheat and rice plants were similar.

Determination of salicylic acid content

Wheat or rice plant samples (0.5 or 0.2 g, respectively) were
homogenized in liquid nitrogen and extracted with methanol
according to P4l et al. [17]. For the measurement Waters-
type high-performance liquid chromatography (HPLC) cou-
pled with fluorescence detector (W2690 modul with W474
scanning fluorescence detector, WATERS, Milford, MA,
USA) was used. After separation on a 4 pm particle size
150 % 4.6 mm Synergi 4u Fusion-RP 80A (Phenomenex, Inc.
California, USA) analytical column the identification and
quantitative analysis of SA was performed at 305 nm excita-
tion and 407 nm emission wavelengths as it was previously
described in Pal et al. [17]. Measurement data were evalu-
ated using the Millenium32 program (WATERS, Milford,
MA, USA). The detailed description of the HPLC analysis
was described by Janda et al. [13].

Cell culturing

Previously adopted and cryopreservated HepG2 hepatocar-
cinoma cells (ATCC® HB-8065™) and Caco-2 colorectal
adenocarcinoma cells (ATCC® HTB-37™) with the same
copies/cell aliquots with low passage number of the cells
were used in the experiments. Standard cell culture condi-
tions and the ATCC recommendations were applied for cell
cultures. Cells were cultured in Petri Dishes (BD, 353,003)
or later, in flasks (75 cm?, Greiner, 658,170) and kept in a
humidified atmosphere of 5% CO, in air at 37 °C.

Cell exposures

HepG2 and Caco-2 cells were seeded onto 2 X 2 96-well tis-
sue culture-treated plates in final volume of 100 uL medium.
After their adherence to the plate, the cells were treated for
48 h with three doses (D1-D3) of the seedling extracts. 1 g
of plant tissue was homogenized in liquid nitrogen, after
than the homogenate was centrifuged by micro-SpinFilter
tubes (Micro-Spin-Filter Tubers, Fisher Scientific; 0.45 pm)
with 10,000g at 4 °C for 10 min. After this, extracts were
centrifuged, and the supernatants were 10X diluted with
the medium and sterile-filtered (0.45 um syringe filter)
before further dilutions. 10x (D1), 20 x (D2) and 40 X
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(D3) dilutions were used for the treatments, except for the
3-week-old Janka rice extract from which low amount was
available, therefore 20 X, 40 X and 80 X dilutions could be
made. The extracts were added in 100 pL volume to the
wells containing the cells. Absolute control (AC, exposed
to RPMI, Roswell Park Memorial Institute 1640 medium)
and positive/salicylic acid controls (containing 0.5-50 pg/
mL) were run in parallel.

Cell analysis using a high content screening (HCS)
system

The living cells were observed under transmitted light at
0 day, 1 day and 2 days of treatment on Olympus Scan”R
HCS system. At the endpoint (2 days) viability test and cell
cycle analysis were performed for assessing the extracts
effects on the cells. For the cell viability test the cells were
washed with 0.01 M PBS (phosphate buffer saline; pH 7.4).
Pre-titrated (1.6 pg/mL in PBS) HOECHST nuclear stain
was added to each well and the cells were incubated for
10 min at room temperature, protected from the light. Pro-
pidium iodide (2 pg/mL in PBS) was added to each well and
incubated for further 10 min. The cells were analysed on the
HCS microscope (9 image fields taken/well, 10 X objective
magnification, O.M.) within 1 h after the staining procedure.
Propidium iodide enters only the dead cells, while HOE-
CHST stains all the nuclei (live and dead cells) with higher
fluorescent signals on cells undergoing apoptosis and dead
cells. Thus the intact live and dead cells, and those which
are undergoing apoptosis can be distinguished according to
their different staining characteristics.

Cell cycle analyses were carried out using Propidium
iodide DNA staining. The cells were washed with 0.01 M
PBS (pH 7.4). Fixation/permeabilization of the cells was
done with ice cold 70% Ethanol, by incubation at 4 °C for
1 h. Ethanol was washed out with PBS buffer and the cells
were stained for DNA using pre-titrated (80 pg/mL) pro-
pidium iodide, 0.1 ug/mL RNase and 1% Triton X solution
in PBS buffer for 1 h at room temperature, protected from

the light. Propidium iodide fluorescent signal was acquired
(9 image fields taken/well, 10 X O.M.) and analysed on his-
tograms (histogram of propidium iodide positive cells hav-
ing on x-axis the fluorescent signal intensity recorded on
cells and on y-axis the cell count). The first peak on the
histogram corresponds to GO/G1 phase and the second peak
corresponds to G2/M phase, between them the cells are in
S phase. The cells detected before the first peak are cells
undergoing apoptosis (sub GO/G1). To detect exactly the
cells in S phase other dyes (as 5'-bromo-2-deoxyuridine,
BrdU) would be needed. With the applied method we can
count the cells undergoing apoptosis, GO/G1/early S phase
cells and late S/G2/M cells. The applied method enabled us
to count the sub GO/G1 cells (with fragmented DNA most
frequently due to apoptosis [4], GO/G1/early S phase cells
and late S/G2/M phase cells. For simplicity, we use apop-
totic (cells undergoing apoptosis), GO/G1 and G2/M for the
above-mentioned cell populations further.

Statistical analysis

The results obtained represent the mean of 3-3 independent
measurements for both salicylic acid content and anticancer
activity. The data for salicylic acid contents were statistically
evaluated using the standard deviation in Microsoft Excel
and significant differences using SPSS 16.0. Significant
differences between the control and salicylic acid or plant
extract treatments in the viability and cell cycle assays were
determined using a the two-sample ¢ test method.

Results

Salicylic acid contents in cereals

In the first experiment, the salicylic acid contents were
measured both in the shoots and roots, 3 days after germina-

tion in Mv Emese wheat, and 4 and 7 days after germination,
in addition in 21-day-old Janka rice plants (Table 1). The

Table 1 The free and bound

L. Janka 4 days Janka 7 days Janka 21 days Mv Emese 3 days Mv Emese 22*
salicylic acid contents (ng
SA/g fresh weight + standard Shoot
deviation) of 4, 7 and 21 day- Free 504+8.1b  517+947c  14002+332e  13.0+32a ~13
old Janka rice and 3 or 22 day-
old Mv Emese wheat shoots Bound 244+57a 59.4+5.1b 1970+150d 150+16a ~130
and root Root
Free 28.8+5.8b 632+1.15¢ 83.7+33.7abc 9.80+3.58a nd
Bound 30.6+9.7b 90.1+17.6¢ 160+58.2bc  834+45a nd

Different letters indicate statistically significant differences in the SA contents, separately in the shoots and

roots at P <0.05 level
nd not determined

“Mv Emese 22 days data are calculated from a previous study [11]
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salicylic acid data show that, as expected, the young rice
germs of similar maturity contained significantly more sali-
cylic acid than wheat. Later, in rice, the salicylic acid con-
tent of the evolving shoot increased further, and increased
at 7 days compared to 4 days (Table 1). Earlier data of the
same wheat variety of the similar age and adult leaf showed
only 10-15 ng/g fresh weight free and ~ 130 ng/g FW bound
salicylic acid contents [11]. There was no such difference in
the root (Fig. 1b). Based on these data, 4 samples with sig-
nificant differences in salicylic acid content were selected:
3-day-old Mv Emese wheat and 7-day Janka rice germs, and
3-week-old Mv Emese and 3-week Janka leaves based on the
previous measurements [11].

Investigation of anticancer effects of plant extracts

The percentage of intact live HepG2 cells in the samples
treated with 3-day-old Mv Emese wheat germ extract was
drastically reduced at all dilutions (10 x—40 x) (Fig. 1a). In
these samples, dead cells dominated, accounting for >70%
of the cells. The percentage of cells undergoing apoptosis
increased approximately fourfold compared with untreated
controls. For the 7-day-old rice germ, a slight (about 10%)
dose-dependent decrease in viability was observed in the
10 x and 20 x diluted samples. In parallel, the percentage
of cells undergoing apoptosis and dead cells increased in a
dose-dependent manner: a greater effect was observed when

Fig. 1 Results of HepG2 cell 120% 7 A HepGz2: viability
viability assay (a) and cell cycle
assayv(b).usin‘g various dilutions 100% 4 — T _ :l_ . . . 1 1 I I, L =y L l l
of salicylic acid (SA) and plant M * * *
extracts. Apoptotic data refers
to cells undergoing apoptosis. 80% -
*Next to each column elements o « I *
L .. . X
indicate significant differences -~ .
at P <0.05 as compared to = 60% 1
Q0
control ©
= 40% A
20% - i rNN i
*
] 1| o] | = o] L
0% |l R D, ptg LI L b el y L L
> Q Q QS & S S S S S S o
RO R SR O N R R
S G (X X7 P a2 o N W AT DAY Y
O Xy & A AT A L S N AV AN
© @\\Q}Q $<</& @A(é(\ \\<($<@ 4(0@6 A{é(\e A w N \’é\ \'b(\ \’bo
AN
B Dead @Apoptotic Olntact live
120% 7 B HepG2: cell cycle
100% = == = T T
. - | |
80%
xR
Q
:)>’. 60%
3
40%
20%
0%
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the extract was less diluted. In the case of Janka rice and Mv
Emese wheat at 3 weeks, only a small amount of apoptosis
was observed compared to the control. Even at the highest
concentration used in the experiment (50 pg/mL), pure sali-
cylic acid had only a minor effect on the viability of HepG2.

Caco-2 cells showed the same effects as HepG2 cells;
that is, the 3-day-old wheat germ extract had the most pro-
nounced effect on cell viability (Fig. 2a). The percentage of
dead cells in the samples treated with the leaf extracts from
the 3-week-old wheat plants decreased and consequently
more intact live cells were detected in these samples. Sali-
cylic acid treatments did not affect the viability of Caco-2
cells in our experiment.

Regarding cell cycle effects, the percentage of GO/G1
cells and the percentage of cells undergoing apoptosis
increased in HepG2 cells treated with 3-day-old wheat
germ extract (Fig. 1b). In addition, the number of Caco-2
cells undergoing apoptosis was also increased in the
10 x diluted samples (Fig. 2b). When treated with 7-day-
old rice germ extracts, the percentage of HepG2 cells
increased in the G2/M phase compared to the untreated
control. The same effect was observed on HepG2 cells
treated with adult wheat leaf extracts (Fig. 1b) and on
Caco-2 resulted in fewer cells in GO/G1 (Fig. 2b). Pure sal-
icylic acid solution did not affect the cell cycle of HepG2
cells at any dilution used.

Fig.2 Result of Caco-2 cell 120% A T
viability test (a) and cell cycle A caco-2: viability
assay‘(b)'usin{g varioqs dilutions 100% 4 T T I T l :l_ _’L i
of salicylic acid solution (SA)
and plant extracts. Apoptotic
data refers to cells undergoing 80%
apoptosis. *Next to each column x
elements indicates significant =z .
differences at P <0.05 as com- 3 60%
pared to control ;i’
40%
20%
0%
N
S I I SO I I SIS SIS SO
ENRO NN N AR SR MR LR SRRt SR AR SR
¢ o N S S A N VA Vo
VQ' o ?f’) & & S A N\ I N SN
) 9 \\%@ Q% 4“’@ <<5(\ & 2N R \’b(\ \'bo \,é\
QT QT Q
AN KRN
WM Dead @Apoptotic Olntact live
0, -
120% B Caco-2: cell cycle
100% T 1 L T
80%
X
o
% 60%
E
40%
20%
0%
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Discussion

In the present experiments, we tested the anticancer activ-
ity of plant extracts from certain cereals (wheat and rice)
in an in vitro test system using different cell models. We
found that young wheat germ extract strongly influenced
the survival of both HepG2 and Caco-2 cells, and this
extract had the highest cytotoxicity. A well-known anti-
cancer drug, cisplatin, reduced HepG2 cell viability by
50% when applied for 48 h at 5 ug/mL (data not shown).
In the present experiment, wheat germ extract reduced the
viability of HepG2 cells by more than 90%, indicating
that it may contain some effective anticancer compounds
(mixtures).

The other extracts had a much smaller effect on cell
viability, and in many cases the effects were not signifi-
cant. Regarding the effects on HepG2 cell cycle, the 3-day-
old wheat germ extract application resulted in a decrease
in the GO/G1/early S cell population and consequently an
increase in the number of sub GO/G1 (mainly apoptotic)
cells. Treatment with young rice germ and wheat leaf
extract led to increased cell accumulation in the late S/
G2/M phase. In our experiments, the effect of 0.5-50 ug/
mL salicylic acid was not outstanding, although in this
case either the selected doses could be too low, or the
exposure applied was inadequate. According to our results
there is no correlation between the effect of salicylic acid
and the plant extract, considering that all extracts con-
tained less than 50 pg/mL salicylic acid. Thus, it can be
concluded that the anticancer effect of the young wheat
germ extract is not related to its salicylic acid content.
Other components, or possibly a mixture of components,
may have caused the resulting effects, which need further
investigation. It is possible that another type of experimen-
tal setup (e.g. longer incubation, higher target doses, etc.)
may also result in a more effective anticancer effect on the
cells. However, this does not affect the present conclusion.

The positive anticancer effects of wheat germ have been
proven by several experiments. On the one hand, this is
the main active ingredient of certain already commer-
cially available products, and on the other hand, the direct
lymphomacid activity of the protein fraction of fermented
wheat germ has been described without toxic effects even
at the highest doses tested [1]. It must also be mentioned
that anticancer activity in a human being may also be man-
ifested at the level of the immune system. This process
may also be affected by SA or its certain derivatives.

It should be noted that plants do not synthesize salicylic
acid for purposes of human medicine. Although its role has
been recognized in recent decades, its exact mechanism of
action is still not fully understood. There are three major
routes to salicylic acid synthesis in plants [16]. Two of
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these paths start from the phenylpropanoid pathway. Here,
phenylalanine is converted to cinnamic acid by phenyla-
lanine ammonia lyase, and then, depending on whether a
decarboxylation step or a hydroxylation step occurs, the
two pathways are separated. When the side chain of cin-
namic acid is first carboxylated, benzoyl glucose is formed
that, after hydroxylation, becomes salicylic acid. When
cinnamic acid is first hydroxylated, ortho-coumaric acid,
also known as ortho-hydroxy-cinnamic acid, and after
decarboxylation, salicylic acid is formed [16]. Synthesis
via shikimic acid was first discovered in microorganisms
and later in plants under biotic stress, where 3-enolpyru-
vylshikimate-5-phosphate is converted to chorismate by
chorismate synthase. This compound is converted to its
isoform isochorismate by isochorismate synthase, which is
a precursor of salicylic acid in this pathway [23]. The role
of the shikimic acid pathway in the synthesis of salicylic
acid has also been demonstrated in young pea plants [21].
It is also important to note that salicylic acid-related com-
pounds, precursors, may have similar effects to salicylic
acid in plants. These effects also require further studies
in plants, and their potential therapeutic use is not fully
understood. Thus, it is not excluded that an effective anti-
cancer component should be sought among salicylic acid-
related compounds.

Conclusion for future biology

In the present study, salicylic acid content did not corre-
late with anticancer activity. It must also be mentioned that
wheat germ extract may contain a great number of active
ingredients other than SA or its derivatives. For example,
in another experimental system, a mixture of resveratrol,
quercetin and gallic acid, at relative concentrations similar to
those contained in most red wines potentiated sub-inhibitory
concentrations of aspirin in platelet aggregation [3]. So the
interactions between the active compounds should also be
taken into account. The effect of the pure salicylic acid solu-
tion was not significant either, so not an inhibitory effect
caused by some other compounds also present in the sample,
altered the results. These results confirm that salicylic acid
and aspirin are expected to be less effective in these type of
cancers. However, the anticancer effect of wheat germ with
low salicylic acid content was proven, but this effect has
already been reduced in adult leaves.
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