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Abstract Ruscus hypophyllum L. is a rare Mediterranean
plant which is used in the traditional medicine. We studied
its phenolic content and in vitro toxicity and genotoxicity
using the neutral red uptake (NRU) test, the bacterial
Vitotox test, and the comet assay in human C3A hepatic
cells. Aqueous leaf and fruit extracts were investigated.
Antigenotoxicity against 4-nitroquinoline-oxide (4NQO,
0.4 pg/mL) and Benzo(a)pyrene (BaP, 800 pg/mL) was
also investigated with the Vitotox test. The extracts
appeared to be genotoxic only at high exposure levels in
the comet assay. There was no indication of a genotoxic
activity in the Vitotox test and also no indication of
antigenotoxicity. The moderate polyphenol content may
provide an explanation for the absence of antigenotoxicity.
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Introduction

Medicinal plants have been used throughout human his-
tory. They have the ability to synthesize a wide variety of
chemical compounds that may be used to perform or
modify important biological functions. Many extracts
prepared from plants have biological activities in vitro and
in vivo. In recent years, there has been great interest in
investigating compounds from plants and their effects on
DNA. This is because preparations from the traditional
medicinal plants were seldom tested the way our modern
pharmaceutical compounds are, and hence, they may
potentially have unknown adverse effects. Such effects
may be mutation induction and carcinogenicity. Com-
pounds from plant origin can be mutagenic but also
antimutagenic, and hence, they can contribute to as well
increases as reductions in the incidence of cancer in the
population (Ames 1983). It may, therefore, be interesting to
investigate not only genotoxicity but also potential
antigenotoxic properties of plant extracts with alleged
medicinal properties.

Ruscus hypophyllum L. belongs to the Liliacea family. It is
a rare and endangered species which is especially found in the
Northern region of Tunisia. It is native in N. Africa, as far east
as Tunisia, but extends to the northern littoral of the
Mediterranean (Yeo 1968). It is a perennial, dioecious,
evergreen rhizomatous geophyte. The mature plant shrub may
reach about 46 cm in height. It has a creeping rootstock and
leaf-like phylloclades. True leaves are small green appen-
dages around the flowers. The bracts are located in the middle
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of the upper surface of leaves, and flowers develop in their
axils. Fruit is a rarely produced 0.6-1.3 cm-wide red globose
berry (Mabberley 1997). Ruscus hypophyllum L. generally
resembles R. hypoglossum, but can readily be distinguished
by the shorter and broader cladodes and the tiny bracts.
Ruscus species contain flavonoids, ruscogenins, and phenolic
acids (Taruscio et al. 2004). Traditionally, decoctions of this
plant are applied externally for boils and warts (Tuzlaci and
Aymaz 2001) and fresh leaves are used in Turkey for live-
stock against cold and mastitis (Kiiltiir 2007). Hadzifejzovié
et al. (2013) investigated the antimicrobial and antioxidant
activities of R. aculeatus L. and R. hypoglossum L. and found
that both had strong antimicrobial activities as well as
antioxidant activities which were strongly correlated with the
total phenolic content. However, overall, their biological
activities are not well known. The in vitro toxicity and
genotoxicity of aqueous fruit and leaf extracts of R.
hypophyllum has not been studied yet. We here report the
results of a genotoxicity evaluation using the in vitro bacterial
Vitotox test and comet assay in human C3A hepatic cells.
Antigenotoxicity against 4-nitroquinoline-oxide (4NQO,
0.4 pg/mL) and Benzo(a)pyrene (BaP, 800 pg/mL) was also
investigated with the bacterial Vitotox test. The neutral red
uptake test in C3A cells was used for evaluation of the in vitro
toxicity and as a dose-finding test for the comet assay. The
total phenolic and flavonoid contents were also determined.

Materials and methods
Plant material

Leaf and fruit were collected in 2015 in Tabarka (North
Tunisia). The plant was identified according to the flora of
Tunisia. A voucher specimen was deposited in the
herbarium of our laboratory.

Extraction

3 g of dried leaf and fruit of R. hypophyllum were used to
prepare infusions with 100 mL deionized water at 80 °C.
Samples were filtered and sterilized with 0.45 pm Milli-
pore filters. The water extracts were stored at —4 °C prior
to experimentation.

Total phenolic content

The phenolic content was determined by the Folin—Cio-
calteau colorimetric method with minor modifications
(Singleton and Rosi 1965). To 100 pL of extract, 7.9 mL
of deionized water and 0.5 mL of Folin—Ciocalteau reagent
(F9252, Sigma Aldrich, St Louis, MO) were added, mixed
by vortex, and 1.5 mL of 1.85 M Na,CO; was added after
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15 min. The absorbance was measured at 765 nm after 2 h.
Gallic acid was used as a standard and results were
expressed as g of catechin equivalents per mg.

Total flavonoid content

Total flavonoids were measured using a colorimetric assay
developed by Dewanto et al. (2002). An aliquot of diluted
extract or standard solution of catechin was added to 75 puL.
of a 7% NaNOQO, solution and mixed for 6 min, before
adding 0.15 mL (10%) AICl;. After 5 min, 0.5 mL of a
1 M NaOH solution was added. The final volume was
adjusted to 2.5 mL, thoroughly mixed, and the absorbance
of the mixture was determined at 510 nm. Total flavonoids
were expressed as pg catechin equivalent (CAE/mg). All
extracts were analyzed in three replications.

In vitro toxicity
The neutral red uptake test (NRU)

This test is a well-known in vitro toxicity test which
measures Neutral Red dye Uptake (NRU) upon addition of
the dye (Borenfreund and Puerner 1985). We performed
the NRU test on human C3A cells according to Repetto
et al. (2008). After exposure of the cells to the test agent,
the cells were washed and the neutral red dye was added.
The evaluation of the test is done by resolving the intra-
cellular bound dye and measuring the intensity photomet-
rically in comparison with an untreated control sample.
Toxicity is expressed as percent inhibition of neutral red
dye retention in the sample. The NI5, value (50% inhibition
of NRU) is determined from the dose response curve of the
mean OD values of the different concentrations. The pos-
itive control consisted of different concentrations of
sodium dodecyl sulphate (SDS; 0-0.42 mM).

In vitro genotoxicity
The Vitotox assay

This test uses Salmonella typhimurium TA104 bacteria in
which a luxCDABE operon is coupled to a modified recN
gene. In this bacterium, expression of the lux operon is
SOS-regulated, resulting in light production when strains
harboring this construct are treated with genotoxins that
induce SOS. This strain is also called the Genox strain. An
agent is genotoxic when the signal-to-noise ratio (S/
N = light production of ‘exposed’ bacteria over that of
unexposed controls) shows a dose-response relationship
and rises above 1.5. A so-called “prl” or Cytox strain
contains lux genes under control of a constitutive promoter,
so that the light production is not influenced by genotoxic
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Table 1 Polyphenols and flavonoids of R. hypophyllum L. extracts

Organ Extracts Total phenolic content Total flavonoid content
png CAE/mg extracts png CAE/mg extract

Leaf  Aqueous 25.21 + 2.23 4.12 £ 0.15

Fruit  Aqueous 10.15 £+ 1.54 224 £0.23

Values are given as mean £+ SD

Fig. 1 Results from the Vitotox A

compounds. This strain is used in parallel with the Genox
strain and is cultivated and treated in exactly the same way.
Here, S/N should remain approximately 1. A significant
increased light production in this strain indicates that the
lux operon was directly influenced by the test agent and
hence that increased light production in the Genox strain
probably does not indicate genotoxicity (false-positive
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Fig. 1 continued

response). If light production is significantly reduced
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(«0.8), this may indicate toxicity. The Vitotox test has the

advantage that it requires only small amounts of a test
agent and that it takes only 4 h to evaluate genotoxicity. A
detailed description of the test is given elsewhere (e.g.,
Verschaeve 2005, 2013; Verschaeve et al. 1999).
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The Comet assay

We used the alkaline comet assay on human C3A hepatic
cells to measure DNA breakage effects in vitro. The method
that we used is described in more detail in some of our
previous publications (e.g., Verschaeve et al. 2013). In
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Fig. 2 Antigenotoxicity study in the Vitotox test investigated against

4NQO (without S9) and benzo(a)pyrene (with S9). NR4 and NRS as in

Fig. 1; 0 pg/mL is mutagen alone; indicated concentrations are extract concentrations in addition to the mutagen

summary, cells were embedded in agarose on a microscope
slide and lysed with detergent and high salt to form
nucleoids containing supercoiled loops of DNA linked to the
nuclear matrix. After electrophoresis at high pH structures,
resembling comets are formed. DNA comets were analyzed
with an Axio Imager.Z2 (Zeiss) fluorescence microscope
with the Metacyte and Metafer 4 (version 3.8.5) software

from Metasystems (Altlussheim, Germany). The percentage
of DNA in the comet tail was used as a measure of DNA
damage. Ethyl methane sulfonate (0.75 mM) was included
as a positive control. Two slides were prepared per exposure,
and a total of 100 cells (DNA comets) were measured (50 per
slide). The Mann—Whitney U test was used to determine
statistical deviations from the unexposed control cells.

@ Springer



206 Page 6 of 10

Acta Physiol Plant (2017) 39:206
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Fig. 2 continued

Results and discussion

alysson and Peganum harmala, where the polyphenol
contents were much higher (Edziri et al. 2010, 2011a).

Table 1 shows that the highest total phenolic and fla-
vonoid content of R. hypophyllum was found in the leaf
extract (respectively, 25.15 and 4.12 ng CAE/mg). Yet,
this was less than in other plants such as Marrubium
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These plants were found to possess antigenotoxic prop-
erties against 4-nitroquinoline-oxide (4-NQO) and ben-
zo(a)pyrene in the VITOTOX test (Edziri et al. 2011b).
Overall, phenolic compounds, particularly flavonoids
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Fig. 3 NRU test results
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(such as quercetin), were found to have antiproliferative
and anticarcinogenic activities (e.g., Sghaier et al.
2011a) as well as antimutagenic, antigenotoxic, and
antioxidant activities (e.g., Edziri et al. 2011b; Sghaier
et al. 2011b). Mutagenic (Nagao et al. 1981; Elliger et al.
1984) and carcinogenic (Zhu and Lier 1994) properties
were, however, also reported.

It is assumed that the cytoprotective anticancer effect of
flavonoids is due to interaction with the cytochrome P-450
mixed function oxidase system which results in a decreased
metabolic activation of potential carcinogens (Hertog et al.
1993). Interference with tyrosine kinase (Ferry et al. 1996)
or cyclin-dependent kinases activities (Casagrande and
Darbon 2000), induction of apoptosis (Constantinou et al.
1998), and the regulation of mutant p53 levels (Avila et al.
1994) may also contribute to the antiproliferative activity
of flavonoids.

In this study, we used the Vitotox test and comet
assay to assess the genotoxicity/antigenotoxicity of the
water extracts of R. hypophyllum. Both tests are

0.2 1.0
Fruit extract of Ruscus hypophyllum L. (mg/ml)

indicator tests rather than mutation tests. They were
chosen based on previous observations showing that a
combination of both tests provided complementary data
which was sufficient to allow a relatively rapid geno-
toxicity screening of many plant extracts and fractions,
without the need to use other more time consuming
tests (Verschaeve 2015).

The Vitotox test was conducted in the absence and
presence of S9 so as to allow genotoxicity testing of the
pure compound and its metabolites. The results are given in
Fig. 1.

The figure shows that all S/N ratios were approximately
“1” in both the Genox and Cytox strains and for both
samples (leaves and fruits). This means that there was no
indication of cytotoxicity or genotoxicity in the Vitotox test
at the applied concentrations. Figure 2 gives the results of
the antigenotoxicity investigation. Here, 0 mM corre-
sponds to the positive control only (resp. 4NQO or BaP in
cultures without or with S9). The other given concentra-
tions represent the same concentration of the corresponding
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positive control + the indicated concentration of the plant
extract.

We see that the positive controls behaved as expected:
S/N in the Genox strain increased above 1.5 and there was
no corresponding increase (or decrease) in S/N in the
Cytox strain. Both extracts hardly decreased S/N of the
positive controls indicating that they also had no significant
antigenotoxic effect. This was so as well in the absence and
presence of S9. The Vitotox test is an indicator test based
on SOS induction (Verschaeve 2013) and is despite its high
predictivity for bacterial mutagenicity (Westerink et al.
2009), therefore, not sufficient to decide about an agent’s
genotoxicity. As indicated above, the alkaline comet assay
in mammalian/human cells is considered an important
additional test. Both tests are complementary. Here, human
C3A cells were used. These cells are still able to perform
phase I and II biotransformation processes. That is why we
did not use S9 in the comet assay. In this test, we used the
% tail DNA as a measure of DNA damage as this was in
our hands, and also according to literature data (e.g.,
Kumaravel and Jha 2006) the most suitable parameter. A
preliminary in vitro toxicity and dose-finding test was
conducted using the NRU test in C3A cells.

Figure 3 gives the Nlsy values according to this test.
Investigated concentrations were the highest possible
(5 mg/mL, solubility limit concentration and highest rec-
ommended dose; Tice et al. 2000) and two further dilu-
tions. All tested doses, including the highest possible
exposure level, were found not toxic (NI5y >90%). These
doses were, therefore, also investigated in the comet assay.
Figure 4 gives the % tail DNA for a few concentrations of
4NQO. It can be seen that all investigated concentrations
showed statistically significant increases of the % tail DNA
(p < 0.001). Ethyl methane sulfonate (EMS, 0.5 mM)
showed even more DNA damage.

Statistically significant increases in DNA damage were
also found for the plant leaves (here designated as NR4;
p <0.05) and fruit extracts (designated as NRS5;
p < 0.001), at least at the high concentration of 5 mg/mL
(Fig. 5).

DNA damage was nevertheless much less important
than that of the well-known mutagens (4NQO and EMS),
and at lower concentrations, no significant effect was
found. The results yet indicate a genotoxic potential and,
therefore, encourage some caution and further testing.
According to the Vitotox test, there was no antigenotoxic
effect. This is somewhat in contradiction with literature
data on antigenotoxicity of phenolic-enriched plant extracts
which can be explained by the presence of flavonoids and
phenolic compounds as antioxidant constituents (e.g.,
Ribeiro et al. 2010; Mihailovic et al. 2013; Ehtesham-
Gharaee et al. 2015). However, it should again be
remembered that antigenotoxicity was only studied in the
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Fig. 5 Comet assay in C3A cells: results for the aqueous plant extract
of R. hypophyllum L. (NR4 and NRS are, respectively, the leave and
fruit extracts). X = p < 0.05; XXX = p < 0.001

bacterial Vitotox test and that the mechanisms involved
may not be revealed in this test. Phenolic contents were
furthermore moderate and may explain lack of
antigenotoxicity.

In conclusion, our study can be considered as the first
report on the polyphenolic content and in vitro toxicity and
genotoxic activity of aqueous leaf and fruit extracts of
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Ruscus hypophyllum L. We have found that both leaf and
fruit aqueous extracts displayed genotoxic activity at a high
concentration (5 mg/mL) only. This plant possess moder-
ate polyphenol contents which may explain the lack of
antigenotoxicity in the Vitotox test. These results require
further investigation.
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