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Heracleum sosnowskyi (Apiaceae) contains a lot of useful chemical ingredients that can be used in industry, medicine and other fields
as plant component extracts and as chemical compounds that have been extracted in different ways, which requires the last to be tested for
chemical safety, including a genotoxic test in vivo. In the present paper, the 96-hour effect of the H. sosnowskyi extract aqueous solution at
concentrations of 0.01, 0.05, 0.10, and 0.50 mL/L on the genetic apparatus and mitotic activity of the cells of the Allium cepa (Alliaceae)
root meristem is discussed. Distilled water was applied as a negative control, and hydrogen peroxide 1% as a positive one. The extract was
prepared from the plant’s fresh leaves by soaking them in acetone. It was then distilled at 57 °C and diluted with distilled water to obtain
the experimental concentrations. As extract content in the aqueous solution increased, a statistically significant decrease in mitotic activity,
an increase in aberrant cell percentage and a concentration-dependent inhibition of root growth were observed. In the 0.5 mL/L solution, if
compared against the other experimental concentrations, an increase in the metaphase, anaphase and telophase indices along with a de-
crease in the prophase index were observed. The most common aberrations for all the concentrations were lagging and sticking chromo-
somes, anaphase bridges, ring chromosomes and nuclear buds. The same solution and the positive control produced membrane damage;
giant and ghost cells. The results of the experiment performed have demonstrated the extract’s aneugenic effect that causes spindle distur-
bance, mitodepression and inhibits the cells of the Allium cepa root meristem, prevails over its clastogenic effect.

Keywords: genotoxicity; mitosis; plant extract; mitotic activity; lagging and sticking chromosomes; anaphase bridges; ring chromo-

somes; nuclear buds.

Introduction

In Russia and many other countries, Heracleum sosnowskyi has cea-
sed to be a promising forage plant and turned into an invasive species
(Tkachenko, 2015; Visockiene, 2020). Excreting allelopathic substances
and spreading a huge number of seeds (Jakubska-Busse, 2013), the plant
conquers new territories and present a clear danger for the biodiversity,
economies and the people of the land. Its juice has photosensitizing action
making it potentially hazardous for humans. Some data say the juice of
other hogweed species cause mutations in mammal lymphocytes (Bo-
gucka-Kocka et al., 2008) and is toxic for aquatic organisms even without
photoactivation (Moshafi et al., 2009).

Although the hogweed that has failed to become a proper greening
plant and livestock feed, is a great raw material available in large quanti-
ties. For instance, the aboveground part of H. sosnowskyi is currently tes-
ted as an additive for a construction material (Musorina et al., 2019) and
can be used in cardboard production (Musikhin & Sigaev, 2006). As for
its chemical composition, the plant is rich in proteins, vitamins, furanocou-
marins, ethers, etc. making it a proper raw material for manufacturing food
additives and in this way reducing its harmfulness and rendering it poten-
tially useful in medicine and science (Jahodova et al., 2007; Shakhmatov,
2016). The chemical compounds extracted from H. sosnowskyi are used
as wound-healing, antiseptic (Walacek et al., 2015; Bahadori et al., 2016)
and anti-inflammatory agents; they also have antioxidant (Souri, 2008; Fi-
ruzi et al., 2010) and cytotoxic effects (Gao et al., 2014; Maggi et al., 2014).
Knowledge has been accumulated about the composition of the plant’s
ether oils, coumarin compounds, leaf organs (trichomes), etc. (O’Neill
etal., 2013; Hosseinzadeh et al., 2019; Laman & Usik, 2020). The furo-
coumarins (angelicin, methoxalen and imperatorin) extracted from
H. sosnowskyi exert broad-spectrum biological effects (Trott et al., 2008).
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However, application of the plant’s compounds for medical and other pur-
poses requires their toxicity and genotoxicity to be properly tested.

Using plants as test systems for defining the toxicity profile of chemi-
cal, biological and physical factors has become widely spread in recent
years (Olorunfemi et al., 2011; Prajitha & Thoppil, 2015; Madi¢ et al.,
2017) mainly due to the simplicity and affordability of the experiment.
Testing on plants does not infringe ethical principles and provides a solid
amount of data on the potential harm done to DNA at the level of whole
organism unlike cell cultures (Nabeel et al., 2008; Li et al., 2015).

The plant most commonly used for cytological and genotoxic moni-
toring has long been Allium cepa due to the ease of working with the cells
of its root meristem that are large (both cells and chromosomes) and of
small quantity (2n = 16). The Allium assay has been the standard sensitivi-
ty test in vivo and its results can be used to assess genotoxicity for other
living forms, including humans (Fiskesjo, 1985; Tedesco & Laughingho-
use, 2012; Bonciu et al.,, 2018). In the presented study, the Allium assay
was used to estimate the geno-and cytotoxicity of the H. sosnowskyi ext-
ract aqueous solution.

Materials and methods

The leaves of H. sosnowskyi collected from a boggy roadside
(67.601986 °N 33.416213 °E) were soaked in acetone in proportion 1:1
(1 kg of leaves). The solution was distilled at 57 °C. The residue, a grained
dark-green liquid, was diluted with distilled water to obtain an aqueous
solution at concentrations of 0.01, 0.05, 0.10, and 0.50 mL/L.

The bulbs Allium cepa of Stuttgarter Riesen (2n = 16) bought in a
shop were kept in a dark, cold room for 14 days. From these, bulbs of si-
milar diameter were selected and their dead-skin layer was removed.
Following the test design by Fiskesjo (Wang et al., 1997), the selected
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bulbs were left to germinate in distilled water for 24 hours. After the ger-
mination period, 40 bulbs were selected (5 bulbs per concentration). As
controls, bulbs with 2-3 mm roots were selected. Distilled water was
applied as a negative control, and hydrogen peroxide 1% as a positive one
(Akwu et al., 2019). The experiment lasted for 96 hours in a dark room at
room temperature. All the exposure conditions and monitor data were
encrypted. Upon completion, the roots were cut off; their length measured
in millimeters to estimate their growth (Fiskesjo, 1985; Wierzbicka &
Antosiewicz, 1988; O’Hare et al., 1995). The roots were fixed in vinegar
alcohol (96% of ethanol + glacial acetic acid in proportion 3:1) for a day
and then rinsed three times in 80% ethanol (one hour each time) to be
placed in sealable test-tubes for long-time storing.

To prepare the specimen, the roots were hydrolyzed and stained in ce-
ramic crucibles in boiling 2% aceto-orcein stain solution (NPP PanEco,
Russia). After cooling, the crucibles were left for 2472 hours at 4 °C for
the roots to stain (Medvedeva et al., 2014).

For every mentioned concentration and control, 15 squash specimen
samples were prepared from 15 roots. A root tip with growth zone of 3—
4 mm in length was cut off with a scalpel to be placed on a specimen glass
in a drop of glacial acetic acid. Then it was covered by a cover glass, pres-
sed with a napkin and accurately squashed by the tapping motions of the
blunt tip of a glass rod. The edges of the cover glass were then sealed with
nail polish to prevent the acetic acid evaporating and extend the observa-
tion time. For each specimen, about 1000 cells were counted with phase
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and chromosome aberration marked at 400 and x1000 (in immersion
oil) magnification of a Micromed 1, v. 1-20 microscope (Micromed,
Russia, 2019). The shooting was performed using a digital Toupcam 2.0
Cmos Camera (Touptec, China, 2019) equipped with the ToupView
software for the 1/2.7" sensor of 1920 x 1080 pixel resolution. In total,
more than 90000 cells were counted. The mitotic index (MI) was calcu-
lated as a percentage ratio of the number of all dividing cells to the general
number of the cells calculated in a specimen. The proportions of mitotic
phases were calculated in the same way.

Statistical analysis was carried out using the R programming lan-
guage (free software environment for statistical computing, New Zea-
land). The sample distribution normality was determined following the
Shapiro-Wilk test. The differences in MI; root length; between experiment
and control groups were verified with a one-way ANOVA. The level of
significance was accepted to be P <0.05. Additionally, the Tukey multiple
pair-wise comparisons were performed. The differences in phase indices
were calculated using the Kruskal-Wallis statistic and Dunn’s multiple
comparison post hoc test.

Results

The H. sosnowskyi aqueous solution had an antiproliferative effect on
the cells of the 4. cepa root as can be seen from the results of graphical
and statistical analysis of root lengths and mitotic index (Fig. 1).

b
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Fig. 1. Results of graphical and statistical analysis of root lengths and mitotic index of the A. cepa roots treated with the H. sosnowskyi aqueous solution:
a—root length dependence graph, mm (x = SD, n= 174); b —mitotic index dependence graph, % (x + SD, n= 15); NC — negative control (distilled water),
PC —positive control (H,0,, 1%), different letters («, b, ¢, d, €) were significantly different according to Tukey-test P <0.05

The experiments revealed that the H. sosnowskyi aqueous solution
inhibited root growth 96 hours after application, and this inhibition was
concentration-dependent. While in pair NC — 0.01 mL/L a statistically
insignificant growth stimulation was observed, in pairs 0.05-0.10 and 0.50
ml/L—PC no statistical differences were noted.

The MI exhibited a reducing trend with concentration increase. In al-
most all the cases of pair-wise comparison, statistically significant diffe-
rences (P < 0.05) were observed, and only in pair 0.01-0.05 mL/L were
no such differences registered. The most expressed effect on the number
of dividing cells was observed for the 0.50 mL/L concentration. In the
same solution, a statistically significant reduction of prophase index and an
increase of metaphase, anaphase and telophase indices were observed if
compared to other experimental data (Table 1). Statistically significant
differences of prophase index were also registered in PC, 0.01 and
0.10 mL/L solutions. Cytogenetic analysis of the specimen revealed dif-
ferent kinds of aneugenic and clastogenic damage done (Table 2).

Table 2 demonstrates there is a positive correlation between concen-
tration increase and proportion of aberrant cells as well as the prevalence
of aneugenic effects over clastogenic ones, which is evidence of the low
clastogenic activity of the solution at such concentration. If compared to
the normal mitosis phases (Fig. 2) the most common anomalies caused by

the H. sosnowskyi aqueous solutions included lagging and sticking chro-
mosomes and nuclear buds (aneugenic effects, Fig. 3); anaphase bridges
and ring chromosomes (clastogenic effects, Fig. 4).

Table 1
Mitotic and phase indices for the meristematic cells of the A. cepa roots
treated with the H. sosnowskyi extract aqueous solution (x + SD, n=15)

Concentration, ~Mitotic ~ Prophases, Metaphases, Anaphases, Telophases,

mL/L index, % % % % %
Nca HZO a a a a a
distilled 527+82" 823164 83+28 32+12 62+35
0.01 26+£79° 767+£98 121+54° 36+21°  75+30°
0.05 023+65 825+37  76+25  50+20° 49+17T
0.10 243464 755+129" 11.6+68 52+£30° 78+42°
0.50 126+42¢ 231+115° 339+94° 212+86° 219+7.1°
PC,1%H,0,  39+22° 88.1+257 59+159° 47+99° 13+20°

Note: different letters indicate values that differ significantly from each other in the
same columns of the table by comparison with the Dunn’s test, P < 0.05.

The maximum number of sticking chromosomes were registered for
the 0.5 mL/L solution, but this effect was not concentration-dependent.
The solution also contained a large number of nuclear buds.
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Table 2
Aberrations in the dividing cells of the A. cepa roots
treated the H. sosnowskyi extract aqueous solution

Concentration, Chromo- ChIomo— Anaphase Ring chro- Abqrgnt
L1 somelag- somestick-  bridges,  mosomes, mitotic
ging, cells  iness, cells cells cells cells*, %
E;HI;I;O 8 0 3 0 02
PC,H,0,, 1% 1 36 0 0 63
0.50 89 88 10 0 99
0.10 107 53 5 0 45
0.05 50 58 9 0 1.8
0.01 22 47 0 8 13

Note: the calculations were made in relation to the number of dividing cells.

Fig. 2. Mitosis phases in the meristematic cells of the 4. cepa roots
treated with NC (distilled water): a, — prophase, a, — interphase,
b—metaphase, ¢ —anaphase, d — telophase; scale bars — 10 um

Fig. 3. Aneugenic effects in the meristematic cells of the A. cepa roots
treated with the H. sosnowskyi extract aqueous solution: a — chromosome
lagging in telophase; b, ¢ — chromosome lagging in metaphase; d — chro-

mosome sticking in anaphase; e —nuclear buds; scale bars — 10 um

The following aberrations formed a separated group: giant cells;
enucleate (ghost) cells and cells with defective interphase membranes
(Table 3). These anomalies occurred either in the solution with the highest
extract concentration or in HO,, 1% (Fig. 5).

Discussion

H. sosnowskyi is currently considered as a source of biologically ac-
tive compounds such as furocoumarins, e.g. its leaves contain angelicin,
bergapten, methoxsalen and umbelliferon. Bergapten and methoxsalen are
used to treat certain skin diseases, and umbelliferon has anticoagulation
properties and is applied for thrombosis treatment (Georgievsky et al.,
1990). In our study hogweed extract aqueous solution was investigated,
which, as the aqueous solutions of other plant extracts, is a complex mix-
ture of chemical compounds that have their effect on the processes occur-
ring in a living organism. These effects can be synergetic, antagonistic or

additive and determine the changes of genetic material. To register and
estimate these changes different test systems are applied, higher plants
among them.

Table 3
Aberrations in the meristematic cells of the 4. cepa roots
treated with the H. sosnowskyi extract aqueous solution (N = 15000)

Concentration, Nuclear Ghostand  Cells with defective Aberrant
mL/L buds, cells  giant cells membranes cells*, %

PC,H,0,, 1% 0 39 125 14

0.5 182 76 86 2.3

Note: the calculations were made in relation to the total cell count.

Fig. 4. Clastogenic effects in the meristematic cells of the A. cepa roots
treated with the H. sosnowskyi extract aqueous solution:
a—anaphase bridge; b — ring chromosome; scale bars— 10 um

Fig. 5. Aberrations in the meristematic cells of the A. cepa roots treated
with the H. sosnowskyi extract aqueous solution: a — giant cells;
b— ghost cell; ¢ — cells with defective membranes; scale bars — 10 pum

For the time being, apart from 4. cepa, the root meristem of many
other higher plants such as barley (Hordeum vulgare L.), beans (Vicia
faba L.) and com (Zea mays L.) are used to study both toxic and genotoxic
factors of different nature (Grant, 1994). However, due to the high propor-
tion of mitosis cells, its high sensitivity and easiness (Leme & Marin-
Morales, 2009), 4. cepa has taken a clear lead as an experimental object,
to the degree that Grant (1982) even suggested making the Allium assay
the standard test for chromosome damage assessment. This test includes
several parameters for proper estimation of cyto- and genotoxicity patterns
such as root lengths (growth index); mitotic index; cell percentage in each
mitosis phase; aneugenic and clastogenic effects.

Miitotic index reduction in the meristematic cells of 4. cepa roots is re-
lated to the mitodepressive effect of tested substances (Akinboro & Ba-
kare, 2007; Sharma & Vig, 2012). The ability of plant extract aqueous
solution to inhibit cell proliferation, analogous to the one considered in this
investigation, has been described earlier in studies of both potential and
well-known medicinal and industrial plants (De Abreu et al., 2019; Ma-
dike et al.,, 2019). The discussed effect is caused either by DNA synthesis
inhibition in the S-phase (El-Ghamery et al., 2000) or by cell-cycle block-
ing in the G,-phase that leads to mitosis inhibition in a cell (Christopher &
Kapoor, 1988; Sudhakar et al., 2011).

The prophase index reduction is related to both the antiproliferation
effect with cell-cycle blocking in the G,-phase and a faster passing of the
prophase stage when the spindle apparatus is disrupted and pathological
mitosis occurs (Karpova at al., 2020). The aberrations detain a cell in the
metaphase, anaphase and telophase phases and lead to the increase of the
mentioned indices. A similar indices shift has been observed in an earlier
study of higher hogweed extract concentrations (Pesnya et al., 2017).

The mitosis changes and chromosome anomalies accounted for du-
ring the Allium assay are divided into two groups, known in the literature

Regul. Mech. Biosyst., 2021, 12(3)
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as aneugenic (lagging and sticking chromosomes, and nuclear buds) and
clastogenic (ring chromosomes and anaphase bridges) (Sharma et al.,
1990; Bonciu, 2018). These changes are related to DNA rupture, chromo-
some decay, mitotic spindle disturbance and cytokinesis inhibition. Chro-
mosome lagging occurs due to the division spindle disturbance caused by
inhibition of cytoskeletal proteins and tubulin polymerization (Timoshev-
sky & Nazarenko, 2006; Bonciu et al., 2018). Chromosome sticking, on
the other hand, is a reaction to compound toxicity and often results in cell
death. There are several degrees of chromosome sticking in anaphase and
telophase (light, moderate and severe). In its classical understanding, the
term refers to the severe degree when the chromosomes form an amorphic
mass (cluster) due to the functional defect of the specific non-histone pro-
teins organizing chromosomes in mitosis for chromatid segregation and
division (Gaulden, 1987; Ribeiro, 2018). Nuclear buds, on the other hand,
occur when chemical compounds affect a cell’s mitotic cycle and is rela-
ted to the processing following chromosome lagging when the last are
engaged by the nuclear membrane earlier than by the pole chromosomes
(Serrano-Garcia & Monteiro-Montoya, 2001). Some authors insist the
buds occur due to polyploidization and amplification of the genetic ma-
terial that is removed from the nucleus but remains bound to the nuclear
membrane (Fernandes et al., 2007; Fenech et al., 2011). Chromosome and
chromatid sticking lead to clastogenic effects, in particular anaphase and
telophase bridges. Such bridges can be the product of unbalanced chro-
mosome segment translocation or inversion (Kuras, 2004; Gomurgen,
2005). As for the ring chromosomes, they form after ruptures in both arms
of a single chromosome and coupling of the non-centromeric fragments
(Bonciu et al., 2018).

In our study, giant and enucleate (ghost) cells with damaged mem-
branes were observed in the root cap and root division zones. The giant
cells form when the cells have entered mitosis but not yet finished the cy-
toplasmic division (Kenne et al., 1986). The ghost cells, on the other hand,
are dead cells in which the nucleus and cytoplasmic structures cannot be
stained (Ribeiro, 2018). The membranes are damaged due to the effect of
the membrane enzymes produced by lipid peroxidation or due to reducing
cellulose content (Sultan & Celik, 2007, 2010).

Conclusion

Our study has demonstrated that all the concentrations of the H. sos-
nowskyi extract aqueous solution prepared from fresh leaves had mitode-
pressive effect on the meristematic cells of the A. cepa roots, which mani-
fested itself in statistically significant and concentration-dependent reducti-
on of root length and MI. In the 0.5 mL/L solution, the phase indices were
modified in such a way that the proportion of prophases was reduced and
that of metaphases, anaphases and telophases increased. A positive corre-
lation has been discovered between the extract concentration and the
number of aberrant cells in mitosis. The aqueous solution’s effect was
mainly aneugenic and manifested itself in lagging and sticking chromo-
somes, and nuclear buds. As for clastogenic aberrations, they included
anaphase bridges and ring chromosomes. Other changes included ghost
and giant cells, and cells with disrupted membranes.

The work was done within the framework of the topic of the search for new natural
sources of adaptogenic compounds of research work No. 0186-2019-0009, approved
for 20192021 by the Ministry of Science and Higher Education of the Russian
Federation at the “Kola Scientific Center of the Russian Academy of Sciences”
(KSCRAS).

The authors declare no conflict of interest.
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