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Abstract
The aim of the study was to compare the effects of three natural bioactive compounds (and 

their combinations) on normal vs. tumour-transformed mouse cells. The cytotoxic effect of 
Aeruginosin-865 (Aer), capsaicin (Cap), resveratrol (Res) and their combinations was evaluated 
on normal hepatocytes (AML) and tumour cells derived from livers (Hepa) and kidneys (Renca). 
Various concentrations from 25 to 200 μM of tested substances were used. Only the Aer + Res 
combination and a low concentration of Res had a significant cytotoxic effect on Hepa and Renca 
and no significant cytotoxic effect on AML. Cap had a significant cytotoxic effect on all tested 
cell lines, but tumour-derived cells showed higher resistance than AML. A significantly increased 
cytotoxicity was found in the combination of Cap + Res compared to each substance alone. 
All types of cells showed similar sensitivity to the cytotoxic effect of Cap + Res. Because of 
a possible hepatotoxic effect, we recommend further investigations into side-effects of Cap + Res. 
No cytotoxic effect was described in Cap + Aer or in Aer alone. Only substances with a significant 
cytotoxic effect on tumour cells and no cytotoxic effect on normal cells can be potentially used 
in anticancer treatment. According to the results, only Res or the combination of Aer + Res can 
be recommended for further evaluation in the process of new anticancer drug development. The 
potential hepatotoxic effect of Cap + Res can significantly limit the utilisation of these substances 
in anticancer treatment. 

Alkaloids, anticancer treatment, natural bioactive compounds, phenolics, viability

Interesting biological properties such as antiproliferative, antioxidant or cytotoxic 
activities are offered by various natural substances. However, their potential utilization 
as therapeutic agents definitely requires determination of their safety profiles. The aim 
of this study was to describe a possible cytotoxic effect of Aeruginosin-865, capsaicin, and 
resveratrol on tumour cell lines in contrast to normal hepatocytes. 

Aeruginosin-865 (Aer) was discovered in a strain of soil cyanobacterium (Nostoc sp.) 
(Kapuścik et al. 2013). This tetrapeptide has been shown to have anti-inflammatory 
effects mediated by inhibition of the NF-κB signalling pathway, which subsequently 
lead to inhibition of transcription of genes playing an important role in cell survival or 
inflammation progression (Kapuścik et al. 2013). Previous studies of Aer cytotoxicity in 
tumour or normal cells reported various results depending on the tested cell line. Whereas 
cytotoxicity was confirmed in tumour-transformed mouse fibroblasts (Veselá et al. 
2018), no cytotoxic effect was observed in normal mouse fibroblasts (Veselá et al. 2018), 
in human hepatoma cells (Faltermann et al. 2016) or in human lung microvascular 
endothelial cells (Kapuścik et al. 2013). 
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Capsaicin (Cap), trans-8-methyl-N-vanillyl-6-nonenamide, is an alkaloid found in the 
fruit of the Capsicum (Sharma et al. 2013). The effect of Cap on animals and humans 
has been widely studied, yielding promising results mainly in pain relief, inflammation, 
obesity and even cancer treatment or cancer prevention (Sharma et al. 2013). Most of 
the studies evaluating anticancer properties of Cap confirmed a selective inhibitory effect 
on cancer cells, whereas the viability and growth was not disrupted in normal cells (Bley 
et al. 2012; Sharma et al. 2013). Cell-cycle arrest, inhibition of cell growth and 
proliferation or apoptosis induction were proposed as the possible mechanisms underlying 
the anticancer effect (Clark and Lee 2016; Chapa-Oliver and Mejía-Teniente 2016). 
An anti-inflammatory effect of Cap has also been described (Reyes-Escogido et al. 
2011). Cap had no cytotoxic effect on dermal fibroblasts (Lewinska et al. 2015), whereas 
fibrosarcoma cells were sensitive to Cap treatment (Ghosh and Basu 2010). Other studies 
reported very low sensitivity to Cap treatment in normal cells in contrast to tumour cells 
(Galati and O’Brien 2003; Bu et al. 2015; Veselá et al. 2018). 

Resveratrol (Res) is a polyphenol synthesized by various plants such as grapevine, 
cranberries, broccoli or garlic. The disruption of mitochondrial transmembrane potential, 
increase in the production of oxygen radicals or increase in the intracellular calcium 
concentration have been suggested as mechanisms of anticancer effect but further 
investigations are necessary (Kim et al. 2009; Varoni et al. 2016; Ferraz da Costa et 
al. 2017). Res was shown to inhibit growth and proliferation in many cancer cell lines with 
limited cytotoxicity toward normal cells (Varoni et al. 2016; Ferraz da Costa et al. 
2017; Veselá et al. 2018). Decreased cell viability and induced apoptosis were confirmed 
in fibrosarcoma cells (Lee and Kim 2011; Gweon and Kim 2013; Harati et al. 2015). 
The effect of Res on the cell viability was dose-dependent (Lee and Kim 2011; Gweon 
and Kim 2013; Veselá et al. 2018). 

Based on the results of the previous studies, we hypothesized that cells of different origins 
would show a variable response to the effects of Aer, Cap, Res and their combinations. This 
is the first study in which the cytotoxic effects of Aer, Cap and Res were investigated on 
these mouse cell lines: normal hepatocytes (AML line), tumour-transformed hepatocytes 
(Hepa line) and tumour-transformed kidney cells (Renca line). The chosen cells are 
a suitable animal model of carcinogenesis. The effect of the above mentioned substances 
on chosen cell lines has not been studied before. Due to the increasing incidence of cancer 
in humans and animals, the obtained results contribute to the use of these natural bioactive 
substances as potential therapeutics in human and veterinary medicine. 

Materials and Methods
Cell cultures 

Normal hepatocytes (AML12 ATCC® CRL-2254™) and tumour cell lines derived from liver (Hepa 1-6 
ATCC® CRL-1830™) and kidney (Renca ATCC® CRL-2947™) tissues were tested. These adherent cell lines 
were cultured in the medium (normal hepatocytes: MEM (minimum essential medium) Alpha Medium from 
Thermo Fisher Scientific, Waltham, MA, USA; tumour cells: RPMI-1640 medium from Sigma-Aldrich, 
St. Louis, Missouri, USA) supplemented with 10 % FBS (foetal bovine serum) (Sigma-Aldrich) and 1% penicillin-
streptomycin (Sigma-Aldrich, St. Louis, Missouri, USA). Cell lines were placed in 5% CO2 incubator at 37 °C. 
All analyses were performed in multiplicates (3–5) and were repeated 2–3 times. 
Natural substances 

Aeruginosin-865 (Aer) was obtained according to a previously reported procedure (Kapuścik et al. 2013) 
at the Laboratory of Algal Biotechnology, Institute of Microbiology, Czech Academy of Sciences in Třeboň, 
Czech Republic. Resveratrol (554325) (Res) and capsaicin (M2028) (Cap) were purchased from Sigma-Aldrich. 
DMSO (dimethyl sulphoxide) (D4540, Sigma-Aldrich) was used to dissolve the natural substances at maximal 
concentration of 20% DMSO to prepare stock solutions that were used for the preparation of exposure solutions. 
The individual exposure solutions were prepared by mixing the culture medium and the stock solution with final 
concentration of 0.1–1% DMSO. To exclude a potential cytotoxic effect of DMSO, a solvent control reaction 
with 0.1–2% DMSO was performed on untreated cells (0.1–1% DMSO had no cytotoxic effect on all cell lines 
used (data not shown).
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Treatment schedule for cytotoxicity and lactate dehydrogenase test 
To evaluate the cytotoxicity, lactate dehydrogenase (LDH) cytotoxicity assay kit (Thermo Fisher Scientific) 

was used according to the manufacturer’s instructions. The cells were seeded on a 96-well plate at a density 
of 20 × 103 cells/well. After 24-h incubation, the cells were treated with Aer, Res, and Cap, and with their 
combinations (Cap + Res, Cap + Aer and Res + Aer), and were incubated with them for 24 h (37 °C in a 5% CO2 
atmosphere). Different concentrations of Aer, Cap, and Res were tested (25 μM, 50 μM, 100 μM, and 200 μM). 
Cap + Res, Cap + Aer, and Res + Aer were used at the concentrations of 25 + 25 μM, 50 + 50 μM, and 
100 + 100 μM, respectively. The next day, the reaction mixture was added to each sample. The reaction was 
performed for 30 min (37 °C; protected from light) and then stopped by the addition of the Stop Solution. The 
absorbance was read at 490 nm and 680 nm on a SynergyHT (BioTek, USA) instrument. LDH released from 
the cytosol of damaged cells induced tetrazolium conversion to a red formazan of intensity proportional to the 
amount of LDH released. A negative control (spontaneous LDH activity) was performed by treatment with sterile 
distilled water. A positive control (maximum LDH activity) was performed by treatment with lysis buffer (× 10) 
provided by the kit. 

Treatment schedule for viability and trypan blue test
Viability of cells and their ability to establish new colonies (proliferation test) after treatment was tested 

at 100 μM concentrations of Cap, Res, and Aer, or 0.1% DMSO (control). Control cells were incubated only 
in appropriate medium. After 24-h incubation (24-well plate, 12 × 104 cells/well) the cells were evaluated, 
passaged (determination of viability was performed using trypan blue exclusion test) and compared with the 
seeded number. Then, the cells were seeded again to appropriate complete medium (at the same concentration 
of 12 × 104 cells/well or all cells if the obtained number of cells was lower). After 24 h the number of cells 
and their viability were compared with the seeded concentration. 

Statistical analysis 
The significance of the difference between each concentration vs the control treated sample was evaluated 

using the MedCalc statistical software. T-test was applied for statistical analysis. The level of significance was 
P ˂ 0.05.

Results

No significant cytotoxicity of Aer compared to the control group was observed in the 
tested cell lines at tested concentrations. Cap showed a significant cytotoxic effect in 
all the tested cell lines (both tumour cells and normal hepatocytes) at the concentration 
of 200 μM. In normal hepatocytes it showed cytotoxicity as early as at the concentration 
of 50 μM, whereas in cancerous cell lines at 200 μM. Thus, the cytotoxic effect of Cap 
was demonstrated at low concentrations in AML, whereas only in up to × 4 higher 
concentrations in Hepa and Renca. Therefore, the cytotoxicity of capsaicin was significantly 
higher in normal hepatocytes than in tumour-derived cells (Hepa and Renca). Res showed 
significant cytotoxicity in tumour-derived cell lines at all the tested concentrations (i.e. 
as low as 25 μM), whereas in the normal AML line, cytotoxicity occurred only at the 
highest concentrations (100 and 200 μM). 

The combination of Cap + Res showed higher cytotoxicity than Res alone in all the tested 
cells (in AML and Hepa from 50 μM, in Renca even from 25 μM). Thus, the combination 
of Cap + Res had a significant cytotoxic effect on both normal hepatocytes and tumour 
cells (Hepa and Renca), in all cases at low concentrations. The cytotoxic effect of the 
Aer + Res combination was also evident in the Hepa and Renca tumour cell lines. 
The difference between the normal AML cells and the control treated sample was 
non-significant. The Cap + Aer combination showed lower cytotoxicity than the substances 
alone, in all lines and at all tested concentrations. More detailed results are described 
in Figs 1, 2, and 3.

Cap inhibited proliferation in both tumour cell lines (Hepa and Renca), whereas 
Aer only in the kidney-derived tumour cells (Renca). The decrease in the proliferative 
activity was particularly evident if cells were incubated in 100 µM Res. More details are 
described in Fig. 4. The subsequent ability to establish new colonies after passage was 
also reduced.
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Fig. 1. Cytotoxicity of capsaicin, resveratrol, Aeruginosin-865 and their combinations on mouse AML cell line 
derived from normal hepatocytes. Controls represent untreated cells incubated with 1% dimethyl sulphoxide. The 
experiment was repeated × 5 and the data in the graph represent the mean of the repetition. * indicates P ˂ 0.05 
in comparison to the control group. CAP - capsaicin, RES - resveratrol, AER - Aeruginosin-865, Ctl - control, 
C+R - capsaicin + resveratrol, C+A - capsaicin + Aeruginosin-865, R+A - resveratrol + Aeruginosin-865

Fig. 2. The cytotoxicity of capsaicin, resveratrol, Aeruginosin-865 and their combinations on mouse Hepa 
cell line derived from tumour-transformed hepatocytes. Controls represent untreated cells incubated with 
1% dimethyl sulphoxide. The experiment was repeated × 5 and the data in the graph represent the mean of 
the repetition. * indicates P ˂ 0.05 in comparison to the control group. CAP - capsaicin, RES - resveratrol, 
AER - Aeruginosin-865, Ctl - control, C+R - capsaicin + resveratrol, C+A - capsaicin + Aeruginosin-865, 
R+A - resveratrol + Aeruginosin-865
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Fig. 3. The cytotoxicity of capsaicin, resveratrol, Aeruginosin-865 and their combinations on mouse Renca 
cell line derived from tumour-transformed kidney cells. Controls represent untreated cells incubated with 
1% dimethyl sulphoxide. The experiment was repeated × 5 and the data in the graph represent the mean of 
the repetition. * indicates P ˂ 0.05 in comparison to the control group. CAP - capsaicin, RES - resveratrol, 
AER - Aeruginosin-865, Ctl - control, C+R - capsaicin + resveratrol, C+A - capsaicin + Aeruginosin-865, 
R+A - resveratrol + Aeruginosin-865

Fig. 4. Proliferation of mouse normal hepatocytes, liver-derived tumour cells, and kidney-derived tumour cells 
after treatment with capsaicin, resveratrol, and aeruginosin in contrast to controls. 1.p. and 2.p. - first and second 
passage, AML - normal hepatocytes, HEPA - liver-derived tumour cells, RENCA - kidney-derived tumour cells, 
Cap - capsaicin, Res - resveratrol, Aer - Aeruginosin-865, DMSO - dimethyl sulphoxide, Ctl - control
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Discussion 

No cytotoxic effect of Aer was found in tumour cells (Hepa and Renca), similarly as was 
previously reported in human hepatoma cells (Faltermann et al. 2016). On the contrary, 
tumour-transformed mouse fibroblasts were sensitive to the cytotoxic effect of Aer (Veselá 
et al. 2018). This difference was probably caused by the variety of tested tumour cells. 

As to the normal cells, no cytotoxic effect of Aer on hepatocytes (AML line) was observed. 
Previous studies reported resistance to the Aer treatment in human lung microvascular 
endothelial cells (Kapuścik et al. 2013) or in normal fibroblasts (Kapuścik et al. 2013; 
Faltermann et al. 2016; Veselá et a. 2018). On the other hand, the cytotoxicity of Aer 
was previously described in normal liver- and kidney-derived cells of fallow deer, but only 
at the highest used concentration of 200 μM (Veselá et al. 2018). Thus, the cytotoxic effect 
of Aer could not be clearly excluded. Interspecies differences probably appear. 

Cap showed a significant cytotoxicity as early as at the concentration of 50 μM in AML, 
whereas in tumour cells at 200 μM. No effect on the viability was reported in dermal 
fibroblasts, whereas mouse embryonic fibroblasts were sensitive to the Cap treatment, with 
the first cytotoxic effect observed at a dose of 50 μM (Lewinska et al. 2015) – so at the 
same level as we described in AML. 

The widely reported apoptotic or growth inhibitory effects of Cap, which were selective 
for tumour cells and left normal cells unharmed (Ghosh and Basu 2010; Bley et al. 2012; 
Lewinska et al. 2015) differ greatly from our results. In our study, the cytotoxic effect of 
Cap was observed only at the concentration of 200 μM in both tumour-derived cell lines 
(Hepa and Renca). Thus, the normal cell lines were more sensitive to the Cap treatment 
than tumour cells, in contrast to some previous studies performed on different tumour cells 
(Galati and O’Brien 2003; Ghosh and Basu 2010; Bley et al. 2012; Bu et al. 2015; 
Lewinska et al. 2015; Veselá et al. 2018). 

The effect of Cap on Hepa was the same as on Renca. A previously reported higher 
resistance to the Cap treatment in kidney-derived cells from fallow deer compared to liver-
derived cells (Veselá et al. 2018) indicates that the effect of Cap varies among different 
cells and different species. This can be the reason why our results vary from some other 
studies (Galati and O’Brien 2003; Ghosh and Basu 2010; Bley et al. 2012; Bu et al. 
2015; Lewinska et al. 2015; Veselá et al. 2018). Nevertheless, it is difficult to compare 
these results with our study as we did not use two types of normal cells, we only compared 
tumour cells derived from the two organs. Further investigations should be performed to 
elucidate these properties.

Res showed significant cytotoxicity in both tumour cell lines at all tested concentrations 
(i.e. as low as 25 μM), whereas in normal hepatocytes (AML line), cytotoxicity occurred 
only at the highest concentrations (100 and 200 μM). Thus, according to our results, the 
cytotoxic activity of Res could potentially be used for the development of new anticancer 
drugs. Res was shown to inhibit growth and proliferation in many cancer cell lines with 
the limited cytotoxicity toward normal cells (Varoni et al. 2016; Ferraz da Costa 
et al. 2017; Veselá et al. 2018). Res decreased cell viability and induced apoptosis also 
in fibrosarcoma cells (Lee and Kim 2011; Gweon and Kim 2013; Harati et al. 2015; 
Veselá et al. 2018). Res did not induce cytotoxic effects in normal mouse fibroblasts 
(Veselá et al. 2018), however, we found them in normal hepatocytes (albeit only at the 
highest concentrations). Similarly, as we described in AML, a significant cytotoxic effect 
of Res was found in liver- and kidney-derived cells from fallow deer (Veselá et al. 2018). 
Based on our results, Res could potentially be used to develop anticancer drugs. Therefore, 
possible side-effects (hepatotoxicity) should be studied more deeply. 

We confirmed a synergic anti-tumour effect of Cap and Res previously reported in 
human tumour pancreatic cells (Vendrely et al. 2017). The combination of Cap + Res 
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caused apoptosis in human melanoma cells (Kim 2012) and even radiosensitized some 
of pancreatic tumour cells (Vendrely et al. 2019). On the other hand, a neuroprotective 
effect of this combination was described on mouse cell lines (Lee et al. 2012). Nevertheless, 
this combination showed significant cytotoxicity not only in tumour cells but also in normal 
hepatocytes. Because of the possible hepatotoxic effect, we recommend to perform further 
investigations into the side-effects of this combination. 

This study is the first description of the cytotoxic effect of the Aer + Res combination. 
Significant cytotoxicity was found in both tumour cells but not in the AML line. Thus, 
it could potentially be used to develop anticancer drugs. Low- and high-dose cytotoxicity 
was found in the Aer + Res combination. 

The Cap + Aer combination showed lower cytotoxicity than the substances alone in all 
lines and at all tested concentrations. No data for comparison are available from previous 
studies.

Comparison of the cytotoxic effects of the tested substances on kidney-derived and 
liver-derived tumour cells brought interesting results. The effects of Cap, Aer, Cap + Aer, 
and Res + Aer were the same in both cell lines. On the other hand, the effect of Res and 
Cap + Res varied greatly. The cytotoxicity of Res started at the concentration of 25 μM 
in Renca, whereas at 100 μM in Hepa. The combination of Cap + Res had a cytotoxic effect 
from 25 μM in Renca, but from 50 μM in Hepa. To conclude, the cytotoxic effect of these 
natural substances varies among cell lines and is significantly affected by the dose. 

A decrease in proliferative activity was found in all cells incubated with Res at the 
concentration of 100 µM. This corresponds to the cytotoxic effect of Res (described above).

Only substances with a significant cytotoxic effect on tumour cells and no cytotoxic 
effect on normal cells could potentially be used for the development of new anticancer 
drugs. Therefore, this utilisation can be expected only in Res and also in the combination 
of Aer + Res. A possible hepatotoxic effect of the Cap + Res combination needs further 
investigations.
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