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The features of pollen grains sculpture of 8 cultivars Rubus fruticosus L. have been studied in details via
the scanning electron microscope method. The pollen material picked up in the Central region of Russia
and the Republic of Adygeya has been used in the research. The comparative data of morphometric
factors are presented, the polymorphism of pollen grains - size and surface is determined. The complex
sculptural types are formed by the different combination of 2 or 3 simple sculptural types. The complex
structural type of exine is characteristic of the studied cultivars Rubus fruticosus. The average size of
pollen grains polar axis is within 32.43-37.46 um; the equatorial diameter is within 16.91-18.88 pum.
Theratio of polar and equatorial axis (P/E) marks the degree of the pollen grains elongation (roundness).
The research showed that the cultivation region gives a certain influence on the change of the pollen
average dimensions, but it does not influence P/E ratio. The pollen grains form is oblong-ellipsoid. In
the polar outline the grains are round. The pollen grains of the presented blackberry cultivars are 3- or
4-colporate, the apertures are long. The sculpture of the pollen grain exine is comple, it belongs to the
two component sculptural type - rugulose, the picture has the species features. The morphometric and
sculptural identical characteristics are separated: the form (the pollen grains elongation degree), the
dimensions (the ratio of the polar axis to the equatorial axis (P/E), the number of apertures and the
surface picture (microstructure).
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Introduction

Blackberry belongs to the absolutely polymorphic plant (Gruner, 2014). Lots of cultivars are
complex hybrids and there are many cross-species hybrids among wild-growing forms that
make difficult classification. That’s why the possibility to identify the both forms, to determine
the phylogenic connections between them using not only external characteristics, but also for
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microstructures applying modern equipment is great interest. Many authors are described
pollen of different plant species by scanning electron microscope (Grygorieva et al., 2010,
2017; Brindza and Brovarskyi, 2013; Nikolaeva et al., 2014; Motyleva et al,, 2015; Motyleva
and Brindza, 2017).

Thereby the study of the pollen grains morphology - the dimensions, the form, the exine
structure, the apertures number and place is more actual. The complex of morphological
characteristics allows to determine the differences (or similarities) between the close species
or cultivars, morphologic inhomogeneity, especially variability of its dimensions because of
hybridization and polymorphism (Kupriyanova and Aleshina, 1978; Tzarenko, 2012). The
comparative electron-microscopy researches of the blackberry different cultivars pollen
growing in the Republic of Adygeya and the Central region of Russia have not been performed
before; this fact has determined the purpose of our researches.

Material and methodology

Objects of research

The pollen material of Rubus fruticosus L. (subgenus Eubatus Focke) was picked up in the
experimental plantations of Maikop OS VIR experimental station and in VNIISPK (Orel) in
2009-2011. Pollen was studied in 8 cultivars of Rubus fruticosus L. The pollen cultivars of
Agavam and Thornfree were from different ecological — geographical zones — Russia and
the Republic of Adygeya. Pollen cultivars of Darrow, Erie, Flint, Maxwell Early, Mc. Donald,
Smoothstem are from Russia.

Scanning electron microscope (SEM)

Micropictures are taken on the scanning electron microscope JEOL JSM - 6390 in the
laboratory of agroecology VNIISPK. Preliminary dried at T = 40-50 °C pollen was accurately
pounded with a pestle to annual adhesion and was put on the special carbonic scotch placed
on the object table of the scanning electron microscope with a thin metal spreading rod. The
comparative morphological studying of the pollen grains was performed according to the
working rules on the SEM JEOL JSM-6390 in the conditions of low vacuum (P = 60 Pa) with the
following zooming: 500 times - during the measurements; 1000-10000 times - while taking
the pictures of the exine sculpture features. Using the regime of low vacuum allows to perform
the pollen studying without its preliminary chemical treatment and to receive undistorted
data about the research object that makes the process of the probe preparation easier.

Morphometric characteristics

The measurements of the pollen grains linear dimensions were performed via 200-300
times repeatability in about 30 field microscopy with the average value calculation. All the
mentioned in the text dimensions are given in um.

Statistical analysis

For statistical evaluation were used standard methods using statistical software Statgraphics
Centurion XVII (StatPoint Inc.USA).
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Results and discussion

The pollen grains morphometric values are given in Table 1. The average size of the polar
axis for the Rubus fruticosus studied cultivars pollen grains is within 32.43-37.46 um; the
equatorial diameter is within 16.91-18.88 um. The ratio of the polar axis to the equatorial one
(P/E) marks the degree of the pollen grains elongation (roundness). The pollen of Agavam,
Flint, Mc. Donald, Smoothstem and Thornfree cultivars is more elongate in comparison
with other studying cultivars. Among these cultivars Smoothstem and Thornfree are closely
related. It is possible that other 3 cultivars are phylogenically connected with one another.
The comparison of the photometric parameters of Agavam and Thornfree cultivars pollen
cultivated in different climatic zones (in the Caucasus and in the Central region) showed
that the cultivation region gives a certain influence on the change of the pollen average
dimensions, but it does not influence P/E ratio. The received results coincide with the pollen
grains description and with the data received while studying R. caesius L. pollen from Latvia
(Kupriyanova and Aleshina, 1978; Meng and Finn, 2002).

Table1  The morphological characteristic of pollen grains of Rubus fruticosus L. representatives

Measurements n Min (um)  Max (um)  Average (um) V (%) P/E
Agavam (Republic of Adygeya)
250 36.49 39.78 37.17 2.76 2.08
250 14.35 19.31 17.85 6.48

Agavam (Russia)

P 300 2791 39.62 36.82 6.83 2.06

300 15.28 22.01 18.55 5.62
Darrow (Russia)

P 245 30.59 39.61 34.83 6.71 1.76

245 1291 19.81
Erie (Russia)

P 240 17.61 37.94 32.43 6.71 1.88

240 13.59 21.11 17.29 10.31

Flint (Russia)

250 33.45 39.77 37.46 3.17 2.09
250 15.67 19.17 17.85 5.63
Maxwell Early (Russia)
250 29.31 42.19 35.87 8.64 1.89
250 13.31 22.32 18.88 9.59
Mc. Donald (Russia)
P 250 22.52 38.97 33.05 8.24 2.02
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Continue the Table 1

Measurements n Min (um)  Max (um)  Average (um) V(%) P/E
Smoothstem (Russia)
300 32.76 40.23 35.66 5.72 2.01
E 300 15.23 21.11 17.71 7.87

Thornfree (The Republic of Adygeya)
P 300 33.84 39.45 36.33 4.76 2.00
300 15.56 21.17 18.14 8.79
Thornfree (Russia)
P 240 30.52 39.34 34.92 6.83 1.99
E 240 14.64 23.11 17.58 9.14

Notes: Min - minimum value; Max - maximum value; V - variation coefficient (%); P - polar axis; E - equatorial one; P/E -
the ratio of the polar axis to the equatorial axis

The pollen grains form is oblong-ellipsoid, the apertures are long (Figure 1). In the pole
outline the grains are round. In the received pictures it is clearly seen that the pollen grains
of the presented blackberry cultivars are 3- or 4-colporate (Figure 1B, C), whereas according
to the data given by Kupriyanova and Aleshina (1978) thet Rubus fruticosus pollen is only
3-colporate. Possibly it is connected with the fact that the authors used optical microscope: in
the given pictures there is no position “polar view”, but from the equatorial view it is difficult
to count the number of apertures.
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Figure 1A-B The pollen grains of some Rubus fruticosus L. cultivars. A - zoom.1000; B-zoom.3300; C-zoom.
5000; D-zoom. 10000
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Figure 1A-B The pollen grains of some Rubus fruticosus L. cultivars. A - zoom.1000; B-zoom.3300; C-zoom.
5000; D-zoom. 10000

The exine pattern is tender-undulate, fine-mesh, the picture has the cultivars features (Figure
1D). The number of the misshapen pollen grains is up to 20-35%. This fact, in some ways, can
be connected with the greenness of some pollen, but also with polyploid plants.

Conclusions

The studying of the blackberry pollen via scanning electron microscope allowed to separate
the most important parameters which can be used to identify the representatives of Rubus
fruticosus. They are the form (the pollen grains elongation, the length and the width ratio).
Parameters such as the number of the apertures and the surface picture (microsculpture) are
more specific for different cultivars. The certain influence of the blackberry cultivated region
climatic conditions on the pollen dimensions was marked.
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The possibility of applying different methods in grafting vegetable plants, give the possibility to
improve the fruit quality. Genotypes of Solanum lycopersicum L. have been grafted on tomato rootstocks
distinctively, and the impact of the rootstock on several important fruit quality parameters has been
studied. The results obtained from the physicochemical analysis demonstrated that the maximum
content of titratable acidity was observed in the control hybrids. The variants V-2 (Abellus + Emperador),
V-5 (Lilos + Emperador), V-6 (Lilos + Maxifort) and hybrid V-7 (Beril) had a higher sugar and acid
content. Results of evaluated were showed in many parameters in favour of variants. The following
morphometric characteristics have been also assessed. The average number of clusters per plant of the
non-grafted plant of the V-7 (Beril F1) hybrid was 12.6 compared with 14.3 (V-8) and 14.4 (V-9) pieces
of variants. Overall, these results have shown the effectiveness of grafting in terms of plant productivity
and the improvement of tomato fruit quality, which are of particular importance, because grafting is
a quick and effective alternative to achieve these goals.

Keywords: graft, grafting, hybrid, scion, rootstock

Introduction

The production of vegetables on protected land using a monoculture system has a negative
effect on the cultivation environment, the product quality and the productivity of vegetable
species. Several authors signal the increase in the degree of aggression of diseases caused
by pathogens that can be found in the soil (Fusarium spp., Verticilium spp., Pythium spp.,
Phyttophthora spp. etc.) of protected land, as the result of planting the same species on the
same piece of land (Grimault and Prior, 1994; Oda, 1999; Miskovic et al., 2009). Repeated
crop cultivation in greenhouse soil often leads to the spread of nematodes, which are difficult
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to fight using the thermal or chemical method (Rosca, 2009; Albacete et al., 2015). The
grafting of vegetable plants is used to confer resistance against pathogens in the air and soil,
to increase tolerance to abiotic stress factors, to improve water and nutrient absorption, and
to increase the vigour of the graft (Lee, 1994; King et al., 2010). The grafting technology has
been practiced with great success worldwide. Asia and Western Europe have been practicing
this technology for a long time. Japan and Korea are the countries with the largest areas
planted with grafted plants. The first scientific researches in the field of vegetable grafting
were carried out at Kyusyu University and Korea University in Japan in 1920. They aimed at
the establishing the technology of grafted seedlings production and the cultivation of grafted
melons; the firstrootstock used in research to graft watermelons was Cucurbita moschata Duch.
Later on, during the second half of the 20™ century, other vegetable species such as melons
(1931), eggplants (1950), cucumbers (1960), tomatoes (1970) and bell peppers (1985) were
commercially grafted (Bogoescu, 2015). Water melons accounts for 93-98% of the total area
on which grafted plants grow, cucumber accounts for 72-95%, melons accounts for 35-90%,
tomatoes accounts for 42-65% and the sweet peppers accounts for 15-35% of the total area.
Greece, Turkey, the United States and Morocco are among the countries with a high share in
the cultivation of grafted vegetables. In these countries some crops are cultivated on 100%
of their total area; for example, the cultivation of melons in Greece (Taraka-Mavrona and
Koutsika-Sotiriou, 2000). Recent studies have shown that the use of appropriate rootstocks
helps to improve salinity and water stress in tomatoes (Schwarz et al., 2010; Keatinge et al,,
2014). Turhan et al. (2011) reported that the grafting of tomato plants on rootstocks tolerant
to abiotic stress had positively enhanced yields, especially of those grown in greenhouses.
Also Oztekin et al. (2007) concluded that grafting could increase the tolerance of tomatoes to
salinity, and promote the efficiency of water utilisation.

The research was conducted in order to study the growth, development and productivity
of tomatoes in protected areas, according to the grafting method and the combination
scion-rootstock.

Material and methodology

Biological material

Three hybrids of tomatoes (Solanum lycopersicum L.) were selected as the aim of the study
and were used as scions, namely Abellus F1 (V-1), Lillos F1(V-4) and Beril F1 (V-7), which
were cultivated in greenhouses. Two hybrids were used as rootstocks (Emperador F1 and
Maxifort F1), which were characterized by a similar resistance / tolerance to abiotic stress
(Rumbos et al,, 2011). From them were grafted 6 variants Abellus + Emperador (V-2), Abellus
+ Maxifort (V-3), Lillos + Emperador (V-5), Lillos + Maxifort (V-6), Beril + Emperador (V-8)
and Beril + Maxifort (V-9). Both the scion and the rootstock hybrids were indeterminate
and they had round and red-coloured fruit. The phytometric indices of tomato plants were
studied according to the combination scion-rootstock in a solar greenhouse (Figure 1). The
quality of grafted tomato fruit according to the combination scion-rootstock, and the content
of assimilating pigments (mg/g of fresh products) of the grafted tomato plants at the stage of
organogenesis were also studied. Thirty days after sowing, when the seedlings reached the
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stage of two or three leaves on the plant and the diameter of root neck was 2.5 mm, the plants
were grafted by copulation and splitting.
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Figure 1 Grafting through the method: a - grafting by copulation, 16 days after grafting; b - grating
through displacement; ¢ - 16 days after grafting

The experiments were carried out at the company the SRL “Ecoplantera“, which deals with the
production of flowers and vegetables seedlings, during the years 2013-2018.

Morphometric analysis

The following properties were measured by morphometric analysis: a) height of stem (cm),
b) height of the first cluster (cm), c) thickness of stem (mm), d) number of leaves (pcs), €)
length of internodes (cm), f) number of leaves between two clusters (pcs), g) average number
of flowers cluster (pcs), h) number of clusters per plants (pcs). The 9 variants of Solanum
lycopersicum L. were measured using a ruler (a, b, e) and digital calliper (c).

Physicochemical analysis

Chemical analyses were provided for all 9 variants of fresh tomato fruit. We determined
following characters: a) dry matter content (%), b) amount of sugar (%), c) titratable acidity
(pH), d) malic acid (%) per 100 g of fresh fruit, e) firmness of fruit (kgf/cm?®) comparing
texture and structure between mature peeled fruits and fruits with peel.

Statistical analysis

It was evaluated the variability of the test files in each character using descriptive statistics.
For the characteristics of the files, it was used the basic descriptors of variability: average,
the coefficient of variation (%), deviation from the mean. Data were analysed and differences
between means compared through the Tukey-Kramer test (o = 0.05).

-9-



Gutul, M, lliev, P., Gutul, C, Horéinovd Sedlaékovd, V., Simkovd, J., Brindza, J.
Agr.bio.div. Impr. Nut., Health Life Qual., 2018, 7-14

Results and discussion

During the growth stage of the plants, aseries of biochemical and morphometric measurements
and phenological observations were performed at different stages of the plants’ development.
These indicators were better ninety days after the plants planting. The grafting of tomato
plants had a significant effect on the vegetative growth (Table 1).

The results were similar to the results obtained by Khah et al. (2006), Gutul and Iliev (2017).

They specified that grafted tomato plants were more vigorous and healthier than the control
plants.

Table 1 Phytometric indices of tomato plants according to the combination scion-rootstock in
a solar greenhouse

Parameters Variant

Vi Vv2 V3 V4 V5 V6 V7 V8 V9

Height stem (cm) 245 251 247 250 260 312 263 262 265
Height first cluster (cm) 223 274 234 382 337 344 264 195 193
Thickness stem (mm) 120 143 139 127 146 135 129 139 135
Number leaves (pcs) 326 336 330 330 330 305 291 325 35
Length internodes (cm) 7.4 7.3 6.4 6.3 6.0 7.5 6.7 7.8 7.7

Number leaves between two

3.1 2.5 2.8 2.7 3.1 2.9 3.4 2.8 2.4
clusters (pcs)

Average number flowers cluster
(pcs)

Number clusters (pcs) 104 149 124 10.7 13.6 151 126 143 144

6.2 6.4 5.8 4.3 5.8 5.3 5.1 6.3 6.4

During the growth period of the grafted plants, the morphometric parameters such as the
average number of flowers per cluster, the number of clusters per plant, the thickness of stem,
etc. increased significantly because of the influence of the rootstock, in comparison with the
control group of plants (Figure 2). On all the rootstocks, the clusters of the grafted plants had
a larger number of flowers compared to the plants which had not been grafted. For example,
the average number of clusters per plant of the non-grafted plant of the V-7 (Beril F1) hybrid
was 12.6 compared with 14.3 (V-8) and 14.4 (V-9) pieces, respectively, in the plants grafted
on the Emperador F1 and Maxifort F1 rootstocks. These differences are due to the fact that
they had been positively influenced by the vigorous growth of the rootstock. Due to a more
developed root system of the selected rootstocks, a better absorption of nutrients and water
happened (Mohammed et al., 2009), and as a result of it, an increase in fruit productivity and
quality could be observed. Thus, plant grafting in an intensive system is a good alternative to
common technologies. It helps to obtain cost-effective production.

-10-
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Figure 2 Measurement of the phytometric indications of tomato plants: a - length of internodes, b -
diameter of the stem, ¢ - number of leaves between two clusters

The increased number of tomatoes on the grafted plants could be attributed to the excessive
growth of plants (Table 2).

Table 2 Quality of grafted tomatoes depending on the scion-rootstock combination

Variant Dry matter Amount of sugar Titratable Malic acid
content (%) (%) acidity, pH (%)
Abellus 5.20£0.050 4.1+0.000 4.38+0.005 0.44+0.005
Abellus + Emperador 5.12+0.110 5.0+0.000 4.26+0.005 0.44+0.005
Abellus + Maxifort 4.50+0.000 4.6+0.110 4.36+0.010 0.43+0.005
Lilos 4.98+0.150 4.8+0.110 4.26+0.005 0.51+0.002
Lilos + Emperador 4.90+0.150 4.8+0.230 4.25+0.003 0.56+0.005
Lilos + Maxifort 4.90£0.150 4.9+0.110 4.26+0.013 0.41+0.005
Beril 5.20+0.000 5.0+0.000 4.29+0.010 0.46+0.001
Beril + Emperador 4.40+0.000 4.2+0.110 4.23+0.017 0.44+0.010
Beril + Maxifort 4.60+0.000 4.7+0.110 4.28+0.010 0.54+0.002

Table shows the value of the titratable acidity and dry matter content in the tomato fruit
grafted on two different rootstocks. The results obtained from the physicochemical analysis
demonstrated that the rootstocks had affected neither the pH value of the titratable acid
nor the soluble dry matter content in tomato fruits, which falls within the value range of
4.38-4.23%; its maximum content was observed in the control hybrids. Similar results were
reported by Arvanitoyannis (2005), who stated that grafting had not affected to the pH value
of tomato fruit. Turhan et al. (2011), Echevarria et al. (2012) and Gajc-Wolska et al. (2010)
observed that grafted tomato plants had improved the yield and components of the fruit. The
pleasant taste is the result of a balanced ratio between acidity and sugar content, and the
tomatoes which have a sweet-sour taste are the most appreciated.

On the basis of soluble dry matter content, and by reading the values, the content of
carbohydrates and acidity (expressed in malic acid equivalent) in the tomatoes fruit was also
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determined. Concerning the sugar-acidity balance, it can be seen that variants V-2 (Abellus
+ Emperador), V-5 (Lilos + Emperador), V-6 (Lilos + Maxifort) and hybrid V-7 (Beril) had
a higher sugar and acid content (Table 2). The grafted plants had a more favourable balance
between the content of sugar and acids. It is very important to know the firmness of the fruit
which results from the interdependence between texture and structure, because it allows
determining the time of harvest, the mode of harvesting, packing and transporting, as well as
the quality and the storage life of tomatoes.

3 - kgf/cm?

u Peeled fruits H Fruit with peel

Figure 3 Structural and textural firmness of scion-rootstock tomato fruit

Concerning the “structural and textural firmness“ index, all variants were resistant to
transportation and storage, but variants V-3 (Abellus + Emperador), V-5 (Lilos + Emperador)
and hybrid V-4 (Lilos) proved to be more resistant (Figure 3). Based on the results obtained
in the experiments, it is obvious that the grafting of tomatoes on the Maxifort F1 and
EmperadorF1 rootstocks has had a very important impact on the growth and development
management of the plants. This technique, in most cases, hurries the flowering process which
results in quantitative and qualitative production gains. The analysis of the biochemical and
morphometric characteristics of the aerial parts of the plants indicates that all the grafted
variants have the best indices compared to the control plants.

Conclusions

Our study and analyses of the morphometric and physicochemical characteristics of the aerial
part of the plant, it was noticed that the grafted plants had the best results. In terms of sugar
content and the balance between sugars and acidity in the fruit of the control plants, hybrid V-7
(Beril F1) was the best; among the grafted plants the variant V-2 (Abellus + Emperador), V-5
(Lilos + Emperador) and V-9 (Beril + Maxifort) were more remarkable. The obtained results
represent a balanced sugar-acid ratio for all the variants; it has the key role in establishing the
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taste. The research has been aimed at demonstrating that the use of rootstocks in tomatoes
growing influences positively the biotic stress resistance, increases the productivity and
enhances the ability to adapt to the environment.
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The article reports the results of microbiological, agrochemical and allelopathic studies of the influence
of Lavandula angustifolia Mill. and Lavandula hybrida Rev. introductive plants on the soil status.
The aim of this study was to analyze the effect of hydrothermal and soil conditions of Forest-Steppe
zone on the microbial cenosis formation and dynamics of taxonomic and ecology-trophic groups of
microorganisms, the soil allelopathic activity and the ratio of biogenic elements. The analysis of the
functional structure of microbial cenosis in the rhizosphere of lavender and lavandin shows a decreased
quantity of micromicetes and an increase in the amount of spore-forming bacteria. The allelopathic
activity of soil under lavender is characterized by a low level of toxicity. The processes of mineralization
of organic matter in the soil were quite balanced. The influence of allelochemicals on the distribution of
macro and microelements in the soil during lavender cultivation has been studied. The obtained results
prove the positive effect of the studied plants on the microbiocenose and physical-chemical soil state
that should be taken into account for their gardening.

Keywords: Lavandula, microbiocenosis, micromycetes, bacteria, soil allelopathic activity.

Introduction

Nowadays the disturbingly increasing anthropogenic effect on natural ecosystems leads to
the reduction of the biological diversity of plant, animal and microbial world. The problem of
preservation of phytobiodiversity can be solved out by means of sinecologic methods of plant
introduction into the artificial phytocoenosis.

Aromatic plant species are characterized by polyfunctional properties as they are resistant
to various anthropogenic pollutants and phytopathogenic microorganisms and do not
accumulate phytotoxic substances in their environment, causing the phytosanitary effect on
the ecosystem (Yurchak, 2005; Kovtun-Vodyanytska, 2017).

The species of Lavandula L. genus are known for their ability to influence the environment
because of their high allelopathic activity. Moreover, the plants of Lavandula genus are popular
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horticultural species as they are characterized by long flowering period, high ionizing
sanitary effect and do not require special growing conditions.

The role of biologically active substances and the associated microbiota of
culturphytocoenosis of Salvia sclarea L., Lavandula angustifolia and Mentha piperita L.
aromatic plants were studied by Yurchak (1999, 2005). We had earlier characterized the
formation of the microbiocenosis in the soil samples under Monarda didima L., Hyssopus
officinalis L. Dracocephalum moldavicum L., Vitex agnus-castus L. plant species of Lamiaceae
family (Ellanska, 2010, 2013)

This way, the aim of this study was to characterize the main taxonomic and ecotrophic
groups of microorganisms and to estimate the allelopathic activity of soil under the plants of
Lavandula genus under the conditions of Forest-Steppe zone.

Material and methodology

Locating plants and data collection

This experimental study was carried out in the Department of Allelopathy of M.M. Gryshko
National Botanical Garden of the National Academy of Sciences of Ukraine (Kyiv). Lavandula
angustifolia Mill. and Lavandula hybrida Rev. plants were donated by the Botanical garden
collection fund.

Microbiological researches

The bacterial abundance was quantified on meat-peptone agar (for ammonifiers), on
ammonium starch agar (for inorganic nitrogen-immobilizers and actinomycetes), on
Mishustin medium (spore-forming bacteria), on Hetchenson medium (cellulose decomposing
bacteria), on Eshbi medium (for nitrogen-fixing bacteria by the application method), while the
microscopic fungi were incubated on Capek medium. The ratio of certain ecological-trophic
groups of microorganisms (mineralization-immobilization index) was calculated according
to Andreyuk (2001), the index of organic matter transformation was analyzed by the method
of Mucha (1980). We calculated the number of colony-forming units (GFU/g) of soil bacteria,
taking into account the dilution of soil samples according to standard- accepted methods
(Tepper, 2004).

Analysis of soil allelopathic activity

The estimation of soil allelopathic activity was carried out by direct bioassay method
(Grodzinskij, 1990). Garden cress (Lepidium sativum L.) and winter wheat (Triticum aestivum
L.) plants were used as test cultures. The soil samples with no influence of exometabolites of
the studied plants were considered control ones.

Agrochemicals analysis

The content of macro- and trace elements in the root-soil soil was determined by the method
of Rink’s (1982) spectrometer with inductively coupled plasma ICAR 6300 DUO (USA). The
obtained results were statistically processed using Microsoft Office 2007 software suite.
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When presenting the results we have also taken into account the number of precipitations
throughout the plant vegetation period (I group - the years characterized by the lower level of
precipitations, II group - the years characterized by the higher level of precipitations).

Results and discussion

Microorganisms are considered an important consortium of agrophytocenoses and an
indicator of fertility, biological activity and allelopathic state of soil (Yunosheva and Ellanskaya,
2015; Ellanskaya and Gorelov, 2017).

A distinctive feature of the aromatic plants is their production of essential oils. The lavender’s
soil microbiota forms under influence of its plant's excretions, in particular, essential oils, that
have a specific effect on the functional structure of the microbiocenosis and organic matter
decomposition (Vokou, 2002; Hassiotis, 2010).

Here we firstly analyzed the abundance and the ratio of basic taxonomic and eco-trophic
microorganism groups of lavender rhizosphere microbial cenosis and inter-row soil under soil
conditions of Forest- Step zone. The number of micromycetes was shown to decrease during
the flowering period especially for the years characterized by the lower level of precipitations
when comparing to the control samples (Figure 1).

At the same time, the abundance of these microorganisms was 1.5-2.0 time-lower in case of
the rhizosphere samples of the studied plants than for the ones of the inter-row soil.

103 CFU/g dry soil

1 11 ‘
4 Control E Cv Pivdennoberezhna, rhizosphere soil

® Cv Pivdennoberezhna, inter-row soil W Cv Record, rhizosphere soil
14 Cv Record, inter-row soil

Figure 1 Micromycetes abundance in the soil samples under Lavandula angustifolia plants: 1 - growing
stage; 2 - flowering stage; 3 - seed formation stage; I group - the years characterized by a lower
level of precipitations; II group - the years characterized by higher level of precipitations

Lavender rhizosphere was characterized by a wider spectrum of micromycete species of
Penicillium and Trichoderma genera comparing to the control ones (mostly the mucoral
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forms). The noteworthy fact is that Aspergillus species were found in the studied soil
samples probably due to the species-specific secretions of lavender plants. The quantitative
parameters of spore bacteria growth were 1.4-2.4 times higher compared to control ones
throughout all the phases of plant development. The abundance of ammonifiers, cellulose-
destroying microorganisms and actinomycetes appeared to be increased in the studied soil
samples. The development of nitrogen-fixing microorganisms was inhibited by up to 80%
throughout the entire period of lavender plant vegetation during the years characterized by
lower water availability, whereas such an inhibition did not exceed 16-19% for the years
characterized by more precipitations.

Ammonifiers were shown to develop more intensively during the lavender emergence and
flowering periods, their abundance declining by the end of vegetation period (Table 1).

The general abundance of nitrogen-fixing bacteria was descending throughout the vegetation
period mostly in rhizosphere zone. During the years characterized with the higher water
availability the abundance of microorganisms can be stated as relatively high, this parameter
decreasing being observed only during the plant flowering period.

Basing the obtained results the processes of mineralization of organic matter in the soil
appeared quite balanced. The mineralization-immobilization ratio during active plant
vegetation period proved the accumulation of organic compounds, whereas the mineralization
processes became more active at the end of the growing season.

The development of microorganisms in the soil samples under lavandin plants was
characterized by analogical peculiarities to that oflavender ones (Figure 2). The representatives
of Penicillium, Trichoderma, Fusarium, Gliocladium genera dominated. Spore-forming
bacteria were developing much active during the flowering and seed formation periods. The
actinomycete abundance prevailed in lavandin rhizosphere throughout all its vegetation
periods. The positive development of nitrogen-fixing microorganisms was observed with
only its slight inhibition during the flowering period for the years characterized by low
precipitation level.

The results of our study correspond the developmental characteristics of the microbiocenosis
of the other representatives of aromatic plant species of Lamiaceae family. The similar
trends of the micromycete ratio was reported for the soil samples of Monarda didima Ta
Dracocephalum moldavicum, their abundance declining in 2-5 times during germination
and flowering periods comparing to the control ones. The decreasing of micromycete
abundance in the rhizoshpere samples was also observed for the flowering period of Salvia
sclarea L. and representatives of Vitex genera (Yurchak, 1997; Ellanska, 2013). The root
and volatile exometabolites of lavender may inhibit this group of microorganisms. The
increasing abundance of spore-forming bacteria, actinomycete, ammonifires was reported for
microbcenosis of the soil under the Salvia sclarea, Monarda didima and Mentha piperita plants
(Yurchak, 2005; Ellanska, 2010).

Consequently, the formation of microbiocenosis depends on several factors of climatic and
soil conditions and plant species. The allelopathically active plant substances (essential oils,
phenolcarboxylic acids) may become one of the microbe biomass regulators.
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The mineral substances are known for their key role in plant functioning and development as
well as in the increasing of their resistance to abiotic and biotic environmental factors. The
analysis of the content of biogenic elements in the soil samples under lavender and lavandin
plants proved the tendency of decreasing of ammoniac nitrogen content starting from the
blossoming period and increasing of nitrate-nitrogen concentration at the end of vegetation
period. The phosphorus concentrations didn’t significantly differ for the studied samples. The
beginning and the end of the vegetation periods were characterized by rising of potassium
amounts. The maximum magnesium concentration was detected for lavender rhizosphere
during the seed formation period. The end of vegetation period was characterized by the 40%
increase of magnesium concentration in the studied soil samples while its twice decreasing
was shown for the control ones. The declining of iron content (up to 33%) was observed for
all the rhizosphere soil samples of the studied plants during the growing season. The obtained
results prove the positive effect of the studied plants on the physical-chemical soil state that
should be taken into account for their gardening.
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Figure 2 Microbial abundance in the soil samples under Lavandula hybrida Rev. plants: 1 - growing

stage; 2 - flowering stage; 3 - seed formation stage; A - ammonifiers; B - inorganic nitrogen-
immobilizers; C - micromycetes; D - spore-forming bacteria; E - actinomycetes; F - cellulosolytic;
G - nitrogen-fixing; I group - the years characterized by the lower level of precipitations; Il
group - the years characterized by the higher level of precipitations

The toxicity of the lavender rhizosphere was considerably lower under the Forest-Steppe
conditions compared to the conditions in the southern regions of Ukraine (Yurchak, 2005).
The soil allelopathic activity depended on the water balance, as its effect appeared (basing
the analyzed parameters) lower for the years characterized by high precipitation level and
higher one for the arid years. The obtained data corresponding to the hypothesis that the level
of soil toxicity depends on the intensity of essential oil adsorption, which is influenced by the
precipitation level.
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Conclusions

Therefore, the exometabolites of lavender and lavandin plants caused the 1.7-1.9 time
decreasing of micromycete abundance in the rhizosphere. We also report the significant
(in 1.4-2.4 times) increasing of spore-forming bacterium abundance and the improved
development of actinomycetes, ammonifiers, cellulosolytic microorganisms. Basing the
obtained results the processes of mineralization of organic matter in the soil appeared quite
balanced. The allelopathic activity of the soil samples under lavender and lavandin plants
was characterized by low toxicity level for the biotests. The soil allelopathic activity was
proved to depend on the water availability: its characteristics were lower for the years of
higher precipitation level and higher ones for the arid years. The microbiological analysis of
the soil samples under the studied plants proved the variable microorganism biodynamics
in the rhizosphere and inter-row samples of the aromatic plants as the periods of increasing
or decreasing of microbiota abundance can be logically explained by the plant taxonomy,
the geographical and climate conditions, the phases of plant development, the intensity
of their physiological processes. Microbiologic, agrochemical and allelopathic soil status
under Lavandula angustifolia Mill. and Lavandula hybrida Rev. plant species under the
Forest-Steppe zone conditions was found out favourable for the successful introduction of
these plants.
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The characterization of genetic diversity of genotypes is the basic prerequisite for the successful
breeding programs of castor like other crops. In the present investigation 40 genotypes of castor were
analysed using 10 start codon targeted (SCoT) markers. Ten primers produced 62 DNA fragments
with an average of 6.20 bands per primer. From these ten primers, primer SCoT 65, were the most
polymorphic, where 7 polymorphic amplification products were detected. The lowest number of
amplified polymorphic fragments (3) was detected by primer SCoT 66. From the 62 amplified bands,
48 (85.94%) were polymorphic, with an average of 4.80 polymorphic bands per primer. To determine
the level of polymorphism in the analysed group of castor genotypes, polymorphic information content
(PIC) was calculated. The polymorphic information content (PIC) value ranged from 0.652 (ScoT 8) to
0.816 (SCoT 23) with an average of 0.738. The dendrogram of genetic relationships among 40 castor
genotypes based on SCoT markers was constructed. The hierarchical cluster analysis showed that the
castor genotypes were divided into 3 main clusters. Cluster 1 contained one Tunisian castor genotype
KJ-2. Cluster 2 contained 2 castor genotypes RM-84 and RM-94. Cluster 3 was divided into subcluster
3A and subcluster 3B. Subcluster 3A contained 2 Tunisian castor genotypes- KJ-3 and KJ-4. Subcluster
3B contained 35 genotypes of castor. Two Tunisian castor genotypes of 3B subcluster (KJ-1 and KJ-5)
were genetically the closest. We can assume that they have close genetic background. The present study
shows effectiveness of employing SCoT markers in analysis of castor, and would be useful for further
studies in population genetics, conservation genetics and genotypes improvement.

Keywords: Dendrogram, Castor, Molecular marker, SCoT analysis, Polymorphism

Introduction

Castor bean (Ricinus communis L.) has recently been highly rated as a source of raw material
(oil) for biodiesel production, because beyond its high oil content (25-55%), it is a culture
of great social appeal in Brazil by intensive use of workmanship in the field and allows for
intercropping with other crops as beans, groundnuts or maize (Madail etal., 2007). In addition,
castor bean cultivation is encouraged in areas of low water availability and is genetically
improved to produce biofuel (Evangelista et al., 2004).
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These types of molecular techniques included random amplified polymorphic DNA (RAPD)
(Steftinova et al., 2015), amplified fragment length polymorphism (AFLP) (Molin et al., 2013),
inter-simple sequence repeat (ISSR) (Ziarovska et al., 2013) and simple sequence repeats
(SSRs) (Shehata et al.,, 2009). These marker systems are useful for biodiversity analyses,
phylogenetic studies, germplasm management, cultivar identification, and other applications
(Luo etal. 2010). Recently, a simple novel DNA marker technique namely start codon targeted
(SCoT) polymorphism, was developed by Collard and Mackill (2009). Primers for SCoT marker
analysis were designed from the conserved region surrounding the translation initiation
codon, ATG (Sawant et al., 1999). Suitability of SCoT markers for the construction of genetic
maps, fingerprinting and phylogenetic studies has been proved by many authors. In many
crops, such as citrus (Mahjbi et al., 2015) and castor (Kallamadi et al., 2015).

The goals of this study were to examine the effectiveness of SCoT markers for analysis of
genetic diversity of castor and to study genetic relationships among 40 castor accessions.

Material and methodology

Plant material and DNA extraction

Ricin lines (20) were obtained from the breeding station Zeainvent Trnava Ltd. (Slovakia)
and next 20 ricin lines were obtained from the University of Carthage, National Institute of
Research in Rural Engineering, Waters and Forests (INRGREF), Regional Station of Gabés,
Tunisia. Regions of origin of analyzed genotypes of Tunisian ricin: KJ- Ksar jedid, K- Kebili,
G- Gabes, M- Mornag, MD- Mednine. Genomic DNA was isolated from the 14 days leaves
with Gene]ET Plant Genomic DNA Purification Mini Kit according to the manufacturer’s
instructions. Castor genotypes were grown in a growth chamber on humus soil.

SCoT amplification and statistical analysis

A total of 10 SCoT primers developed by Collard and Mackill (2009) were selected for the
present study (Table 1). Each 15-uL amplification reaction consisted of 1.5 pL (100 ng)
template DNA, 7.5 uL Master Mix (Genei, Bangalore, India), 1.5 pL. 10 pmol primer, and 4.5 pL
distilled water. Amplification was performed in a programmed thermocycler (Biometra,
Germany) using the following program: 94 °C for 3 min; 35 cycles of 94 °C for 1 min, 50 °C
for 1 min, and 72 °C for 2 min; a final extension at 72 °C for 5 min. Amplified products were
separated in 1.5% agarose in 1x TBE buffer. The gels were stained with ethidium bromide and
documented using gel documentation system Grab-It 1D pre Windows.

The SCoT bands were scored as present (1) or absent (0), each of which was treated as an
independent character regardless of its intensity. The binary data generated were used to
estimate the level of polymorphism by dividing the polymorphic bands by the total number
of scored bands and to prepare a dendrogram. A dendrogram was constructed based on
hierarchical cluster analysis using the unweighted pair group method with arithmetic average
(UPGMA) with the help of SPSS professional statistics version 17 software package. For the
assessment of the polymorphism between genotypes maize and usability SCoT markers in
their differentiation we used polymorphic information content (PIC) (Weber, 1990).
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Table 1 List of used 10 SCoT primers (Collard and Mackill, 2009)

SCoT Primers Primer sequence (5°-3)
SCoT 6 CAACAATGGCTACCACGC
SCoT 8 CAACAATGGCTACCACGT
SCoT 9 CAACAATGGCTACCAGCA
SCoT 12 ACGACATGGCGACCAACG
SCoT 23 CACCATGGCTACCACCAG
SCoT 66 ACCATGGCTACCAGCGAG
SCoT 65 ACCATGGCTACCACGGCA
SCoT 63 ACCATGGCTACCACGGGC
SCoT 62 ACCATGGCTACCACGGAG
SCoT 61 CAACAATGGCTACCACCG

Results and discussion

In this work, 10 primers were screened for PCR amplification of DNA and SCoT analysis in
40 castor genotypes. Table 1 and Table 2 shows sequences of these primers, total number
of amplified fragments from 40 castor genotypes, the number of polymorphic bands and the
polymorphic information content for each primer. Ten primers produced 62 DNA fragments
(Table 2) with an average of 6.20 bands per primer. From these ten primers, primer SCoT
65, were the most polymorphic, where 7 polymorphic amplification products were detected.
The lowest number of amplified polymorphic fragments (3) was detected by primer SCoT 66.

Table 2 The statistical characteristics of the10 SCoT markers used in castor

SCoT Primers  Total number of Number of Percentage of polymorphic PIC
bands polymorphic bands bands (%)

SCoT 6 5 4 80.00 0.729
SCoT 8 4 4 100.00 0.652
SCoT 9 6 4 66.66 0.780
SCoT 12 7 5 71.43 0.715
SCoT 23 7 5 71.43 0.816
SCoT 66 4 3 75.00 0.729
SCoT 65 9 7 77.78 0.651
SCoT 63 8 6 75.00 0.780
SCoT 62 5 4 80.00 0.715
SCoT 61 7 6 85.71 0.815
Average 6.20 4.80 85.94 0.738
Total 62 48 - -
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From the 62 amplified bands, 48 (85.94%) were polymorphic, with an average of 4.80
polymorphic bands per primer. To determine the level of polymorphism in the analysed group
of castor genotypes, polymorphic information content (PIC) was calculated (Table 2). The
polymorphic information content (PIC) value ranged from 0.652 (ScoT 8) to 0.816 (SCoT 23)
with an average of 0.738.

Figure 1 Dendrogram of 40 castor genotypes prepared based on 10 SCoT markers
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The dendrogram of genetic relationships among 40 castor genotypes based on SCoT markers
was constructed (Figure 1). The hierarchical cluster analysis showed that the castor genotypes
were divided into 3 main clusters. Cluster 1 contained one Tunisian castor genotype KJ-2.
Cluster 2 contained 2 castor genotypes RM-84 and RM-94. Cluster 3 was divided into
subcluster 3A and subcluster 3B. Subcluster 3A contained 2 Tunisian castor genotypes- KJ-3
and KJ-4. Subcluster 3B contained 35 genotypes of castor. Two Tunisian castor genotypes of
3B subcluster (KJ-1 and KJ-5) were genetically the closest. We can assume that they have close
genetic background (Figure 1).

CONCLUSION

In summary, SCoT marker analysis was successfully developed to evaluate the genetic
relationships among the genus castor accessions originated from various area. The
dendrogram of genetic relationships among 40 castor genotypes based on SCoT markers
was constructed. The hierarchical cluster analysis showed that the castor genotypes were
divided into 3 main clusters. Cluster 1 contained one Tunisian castor genotype KJ-2. Cluster 2
contained 2 castor genotypes RM-84 and RM-94. Cluster 3 was divided into subcluster 3A and
subcluster 3B. Subcluster 3A contained 2 Tunisian castor genotypes- KJ-3 and KJ-4. Subcluster
3B contained 35 genotypes of castor. Two Tunisian castor genotypes of 3B subcluster (KJ-1
and KJ-5) were genetically the closest. Polymorphism revealed by SCoT technique was so
abundant and could be used for molecular genetics study of the castor accessions, providing
high-valued information for the management of germplasm, improvement of the current
breeding strategies, and conservation of the genetic resources of castor species.
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The current study was aimed to evaluate an accumulation in plant raw material of Bunias orientalis
L. and Scorzonera hispanica L. the total content of phenolic compounds, phenolic acids, flavonoids,
antioxidant activity (by DPPH-method) and reducing power of alcoholic extracts. Raw of investigated
plants collected from experimental collections of M.M. Gryshko National Botanical Garden of the
NAS of Ukraine (Kyiv) and dried for next investigation. Obtained results showed that total content
of polyphenols in the above-ground parts of B. orientalis extracts was 52.88 mg g GAE (gallic acid
equivalent), phenolic acids - 11.29 mg g CAE (caffeic acid equivalent), flavonoids - 39.91 mg g™ QE
(quercetin equivalent), antioxidant activity - 8.94 mg g™ TE (Trolox equivalent) and reducing power of
extracts - 184.59 mg g TE (Trolox equivalent). Total content of polyphenols in the above-ground parts
of S. hispanica plants was 60.16 mg g™ GAE, phenolic acids - 20.71 mg g™ CAE, flavonoids - 36.24 mg
g! QE, antioxidant activity - 5.35 mg g TE and reducing power of extracts - 125.40 mg g TE. Also,
total content of polyphenols in the roots of B. orientalis extracts was 9.75 mg g"* GAE, phenolic acids -
1.73 mg g! CAE and reducing power of extracts - 138.70 mg g™ TE. Root extracts of S. hispanica had
total content of polyphenols of 10.87 mg g GAE, phenolic acids - 2.62 mg g CAE and reducing power
of extracts - 110.96 mg g TE. Flavonoids and antioxidant activity in the root extracts of both species
weren’t determined. The antimicrobial activity of alcoholic extracts of two investigated species was
tested against 8 microorganisms by disc diffusion method. It was found that higher activity against
microbial strains had alcoholic extracts of B. orientalis roots.

Keywords: Bunias orientalis, Scorzonera hispanica, antioxidant activity, polyphenols, flavonoids,
phenolic acids, antimicrobial activity
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Introduction

Plants are potential sources of natural antioxidants with therapeutic properties thatcanbe used
in traditional and folk medicine (Chandra et al., 2014; IvaniSova et al., 2017). Representatives
of Asteraceae Bercht. & ]J. Presl and Brassicaceae Burnett also are the good source of
antioxidant compounds of different nature (Martinez-Sanchez et al., 2007; Vijaylakshmi et al.,
2009; Sikora and Bodziarczyk, 2012). Cruciferous vegetables act as a good source of natural
antioxidants due to the high levels of carotenoids, tocopherols and ascorbic acid (Ateya et al.,
2016). Bunias orientalis L. (Turkish cabbage) is biennial or perennial hemicryptophyte that
belongs to Brassicaceae. A recent study of B. orientalis connected with a high possibility to
root because of powerful taproot leading to massive sprawl (Oliver et al., 2015). The complex
of characteristics (biochemical toxicity, allelopathic effect, powerful taproot etc.) explained
this plant as invasive (Dietz and Winterhalter, 1996; Dietz et al., 1999; Patamsité et al., 2013).
Also, it was studied nectar production and carbohydrate composition of this species (Denisow
et al,, 2016). Nevertheless, the accumulation of some biochemical compounds in different
organs causes the useful properties of B. orientalis (Vinogradova and Kuklina, 2018). In the
M.M. Gryshko Botanical Garden of the NAS of Ukraine have been studying these plants as
forage and energetic culture and has been conducted selection work. Raw of this species is
rich on protein, lipids, ash, ascorbic acid, carotene etc. (Uteush and Lobas, 1996).

Another species from Asteraceae family belongs to the genus of Scorzonera L. Some species
of this genus have been used as traditional medicines with analgesic, antirheumatic,
anthelmintic, stomachic and diuretic effects. These plants can be used for the treatment
of the wound, hypertension, infertility, lung oedema, diarrhoea etc. (Sari et al., 2009). As
reported Acikara Bahadir et al. (2013a), the plants of Scorzonera species used as medicinal
and vegetable cultures possess promising antioxidant activity. One of the most effective
compounds from antioxidants was found a chlorogenic acid. Extracts from some species
of Scorzonera showed the activity on the wound healing that can be connected with the
combined effect of the constituents (Kiipeli et al., 2011). Useful properties of Scorzonera
species for the food industry because of valuable biochemistry content were described
(Mahjoub etal., 2009; Citoglu et al,, 2010; Bashta et al., 2015). Some studies reported that raw
ofthese plants contains flavonoids (apigenin, luteolin, kaempferol, rutin etc.) and triterpenoids
(lupeol, daucosterol etc.) (Kiipeli et al., 2011; Acikara et al., 2013; Benabdelaziz et al., 2014).
Cetin et al. (2018) reported about seventeen triterpenoids in S. veratrifolia. However, the
information about Scorzonera species is considerably limited in the existing literature (Erden
and Kirbag, 2015).

The aim of this study was to assess an antioxidant and an antimicrobial potential of Bunias
orientalis L. and Scorzonera hispanica L. in the conditions of M.M. Gryshko National Botanical
Garden of the NAS of Ukraine.

Material and methodology

The plants were grown in 2017 at the experimental fields of the M.M. Gryshko National
Botanical Garden of the NAS of Ukraine (NBG) in the Kiev city (50° 24' 55" N, 30° 33" 45" E).
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Biological material

Observation on plants was conducted in the experimental collection of forage plants (Bunias
orientalis L.) and vegetables crops (Scorzonera hispanica L.) of Cultural Flora Department of
NBG. Plant raw material of investigated plants was collected in the stages of spring vegetation.
In this study used above-ground part and roots of B. orientalis and above-ground part of
S. hispanica.

Biochemical analysis

The biochemical analysis was done in the Slovak University of Agriculture in Nitra (Slovak
Republic). For planned analyses, 0.2 g of milling fraction was extracted with 20 ml of 80%
ethanol for 24 hours. After centrifugation at 4000 g with Rotofix 32 A (Hettich, Germany) for
20 min, the supernatant was used for measurement of the total content of polyphenols.

Radical scavenging assay

The radical scavenging activity of samples was measured using 2.2-diphenyl-1-picrylhydrazyl
(DPPH) (Sanchez-Moreno et al., 1998). The extracts (0.5 mL) were mixed with 3.6 mL of radical
solution (0.025 g of DPPH in 100 mL ethanol). The absorbance of the sample extract was
determined using the spectrophotometer Jenway (6405 UV/Vis, England) at 515 nm. Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) (10-100 mg.L™"; R* = 0.988) was
used as the standard and the results were expressed in mg g Trolox equivalents.

Reducing power

Reducing power of extracts was determined by the phosphomolybdenum method of Prieto et
al. (1999) with slight modifications. The mixture of sample (1 mL), monopotassium phosphate
(2.8 mL, 0.1 M), sulfuric acid (6 mL, 1 M), ammonium heptamolybdate (0.4 mL, 0.1 M) and
distilled water (0.8 mL) incubated at 90 °C for 120 min, then rapidly cooled and detected
by monitoring absorbance at 700 nm using the spectrophotometer Jenway (6405 UV/Vis,
England). Trolox (10-1000 mg.L'%; R? = 0.998) was used as the standard and the results were
expressed in mg g Trolox equivalents.

Total polyphenol content

Total polyphenol content extracts was measured by the method of Singleton and Rossi
(1965) using Folin-Chiocalteu reagent. 0.1 mL of each sample extract was mixed with
0.1 mL of the Folin-Chiocalteu reagent, 1 mL of 20% (w/v) sodium carbonate and 8.8
mL of distilled water. After 30 min. in darkness the absorbance at 700 nm was measured
using the spectrophotometer Jenway (6405 UV/Vis, England). Gallic acid (25-250 mg.L;
R? = 0.996) was used as the standard and the results were expressed in mg g gallic acid
equivalents.

Total flavonoid content

Determination of total flavonoids content was conducted according to procedure which was
described by Shafii et al. (2017). 0.5 mL of sample extract was mixed with 0.1 mL of 10%
(w/v) ethanolic solution of aluminium chloride, 0.1 mL of 1 M sodium acetate and 4.3 mL of
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distilled water. After 30 min. in darkness the absorbance at 415 nm was measured using the
spectrophotometer Jenway (6405 UV/Vis, England). Quercetin (0.01-0.5 mg.L';; R* = 0.997)
was used as the standard and the results were expressed in ug g™ quercetin equivalents.

Total phenolic acid content

Determination total phenolic acids content of extracts was carried out using method of
Farmakopea Polska (1999). 0.5 mL of sample extract was mixed with 0.5 mL of 0.5 M
hydrochloric acid, 0.5 mL Arnova reagent, 0.5 mL of 1 M sodium hydroxide (w/v) and 0.5 mL
of distilled water. Absorbance at 490 nm was measured using the spectrophotometer Jenway
(6405 UV/Vis, England). Caffeic acid (1-200 mg.L, R* = 0.999) was used as a standard and
the results were expressed in mg g™* caffeic acid equivalents.

Preparation of plant extracts for determination of antimicrobial activity

Plant raw material was dried, crushed and weighed out to 2 g and soaked in 20 mL of ethanol
p.a. (Sigma, Germany) during two weeks at room temperature. After this ethanol plant extracts
were filtered through the Whatman No. 1 filter paper. The obtained extracts were subjected to
evaporation under reduced pressure at 40 °C in order to remove the ethanol (Stuart RE300DB
rotary evaporator, Bibby Scientific Limited, UK, and vacuum pump KNFN838.1.2KT.45.18,
KNF, Germany). For the antimicrobial assays, the crude plant extracts were dissolved in
dimethylsulfoxide (Penta, Czech Republic) to 102.4 mg mL™.

Microbial strains

Eight strains of microorganisms were tested in this study, including Bacillus cereus CCM
869, Candida albicans CCM 8215, Candida glabrata CCM 8270, Candida tropicalis CCM 8264,
Clostridium perfingens CCM 4435T, Haemophilus influenza CCM 4456, Klebsiella pneumoniae
subsp. pneumoniae CCM 4415, Salmonella enterica subsp. enterica CCM 7189. All tested
strains collected from the Czech Collection of microorganisms. The bacterial suspensions
were cultured in the nutrient broth at 37 °C.

Disk diffusion method of determination of antibacterial activity

Antibacterial activity of ethanol extracts of B. orientalis and S. hispanica were determined by
a disc diffusion method. Briefly, 100 pL of the test bacteria were grown in 10 mL of fresh
media until they reached a count approximately 10° cells.mL™. Then 100 uL of the microbial
suspension was spread onto Mueller Hinton agar plates. The extracts were tested using
6 mm sterilized filter paper discs. The diameters of the inhibition zones were measured in
millimetres. All antimicrobial assays were performed in at least triplicate. Negative control
was a filter disc impregnated with 10 pL of distilled water.

Statistical analysis

The statistically treated data are given in table as the arithmetical mean values and their
standard errors.
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Results and discussion

Phenolic compounds are a large group of the secondary metabolites widespread in plants.
These compounds possess different biological activities, but the most important is antioxidant
activity (Soobrattee et al.,, 2005; Podsedek, 2007). Study of Mahboubi et al. (2013) expected
that ethanolic or ethyl acetate extracts with higher level of total phenolic content would
exhibit higher antioxidant activity. However, for example, Kdhkonen et al. (1999) reported
that antioxidant activity does not necessarily correlates with high amounts of phenolics.

Our previous data concerning Brassicaceae showed that total antioxidant activity of selected
species was 16.94-36.91% in methanol extracts and 26.53-65.66% in water extracts (Vergun
and Rakhmetov, 2018). As shown in Tables 1 and 2, total content of polyphenols, phenolic
acids and flavonoids was higher in the above-ground part of plants of B. orientalis than in
roots. The considering of obtained results in details showed that content of polyphenols in
above-ground part was 5.4 times more than in roots, content of phenolic acids - 6.5 times
respectively. Similar results obtained for S. hispanica extracts.

The most widespread and diverse group of the polyphenols are the flavonoids. They have
been suggested to play a preventive role in the development of some disease. They are highly
effective scavengers of most oxidizing molecules (Baba and Malik, 2015; Hudz et al., 2017).
The total content of flavonoids and antioxidant activity by DPPH-method weren’t determined
in the roots of the investigated plants.

Table1  The content of phenolic compounds and antioxidant activity in above-ground parts of
Bunias orientalis L. and Scorzonera hispanica L. in the period of spring vegetation

Parameter Bunias orientalis Scorzonera hispanica
Total content of polyphenols (mg g GAE) 52.88 +1.84 60.16 +1.01
Total content of phenolic acids (mg g™ CAE) 11.29 +1.00 20.71 +2.55
Total content of flavonoids (mg g™ QE) 39.91 +0.43 36.24 +2.14
Antioxidant activity (mg g'1 TE) 8.94 +0.07 5.35+0.12
Reducing power of extract (mg g™ TE) 184.59 +0.37 125.40 £1.00

Notes: Means in columns followed by different letters are different at p = 0.05; each value represents the mean of three
independent experiments (+SD)

Asreported Acikara Bahadir et al. (2013b), the chlorogenic acid is one of the major constituent
of Scorzonera species, which probably responsible for the biological activities of these plants.
As described by Erden and Kirbag (2015), the total phenolic content of soil surface parts of
different species of Scorzonera was from 14.92 to 40.19 mg g GAE and flavonoids - from
30.47 to 110.08 mg g QE. Granica et al. (2015) revealed that both subaerial and aerial parts
of S. hispanica contain caffeoylquinic acid derivatives, which are the major phenolics in this
plant. Also, in this study showed that presence of flavonoids was confirmed in aerial part of
S. hispanica.
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Table 2 The content of phenolic compounds and antioxidant activity in the roots of Bunias orientalis
L. and Scorzonera hispanica L. in the period of spring vegetation

Parameter Bunias orientalis Scorzonera hispanica
Total content of polyphenols (mg g GAE) 9.75 +0.54 10.87 £0.29
Total content of phenolic acids (mg g™ CAE) 1.73 £0.05 2.62 £0.26
Total content of flavonoids (mg g QE) ND ND
Antioxidant activity (mg g™ TE) ND ND
Reducing power of extract (mg g TE) 138.70 £1.41 110.96 +6.88

Notes: Means in columns followed by different letters are different at p = 0.05; each value represents the mean of three
independent experiments (+SD); ND - non determined.

The interest of natural plants products as antimicrobials is supported by the necessity to
reduce the use of conventional antibiotics in food preservation (Ateya et al., 2016). Study
of Prasad (2014) showed that different extracts of selected plants of Brassicaceae exhibited
significant antimicrobial activity.

Investigation of the antimicrobial activity of root extracts of B. orientalis showed in the Figure
1. Our results of antibacterial testing with disc diffusion method demonstrate that Candida
albicans and Salmonella enterica subsp. enterica were the most sensitive to B. orientalis root
extract (5.00 and 4.33 mm respectively). Among tested bacteria, Bacillus cereus was the least
sensitive (1.00 mm).
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Figure 1 Antimicrobial activity of root plant extracts of Bunias orientalis L. (Means in columns followed

by different letters are different at p = 0.05; each value represents the mean of six independent
experiments (+SD))
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Our study showed also, that antimicrobial activity of above-ground extracts of B. orientalis
wasn’'t determined. Ethanol root extracts weren't effective against all investigated
microorganisms.

In the current research plant extracts (above-ground part) of S. hispanica showed
antimicrobial activity against Salmonella enterica only. Inhibition zone in this case was
1.33 +0.52 mm. Root extracts weren’t effective against all microorganisms. Results of Sari
etal. (2009) showed that S. latifolia and S. veratrifolia ethanol extracts were able to inhibit
the growth of Staphylococcus aureus, S. epidermidis, Shigella flexneri, Candida albicans. Better
results were found for petroleum ether fraction. Another study of S. humilis L. reported that
no antibacterial activity against Bacillus subtilis and nor antifungal activity against Candida
albicans wasn’t found (Zidorn et al., 2000; Zidorn et al., 2002). As reported Erden and Kirbag
(2015), three species of genus of Scorzonera showed antimicrobial effect on Escherichia coli
(17-27 mm of inhibition zone) and none of the plant extracts showed any effect against
Klebsiella pneumoniae. Two species showed the antimicrobial activity against Staphylococcus
aureus (8 mm of inhibition zone).

Conclusions

Thus, results of current study showed that ethanol extracts of B. orientalis and S. hispanica
demonstrated a higher antioxidant activity of the above-ground parts of plants then of roots
(content of polyphenols and phenolic acids). The content of flavonoids was observed in
the above-ground parts of plants; however, in roots it wasn’t determined. Reducing power
was higher in the extracts of above-ground parts. Alcoholic extracts from the roots of
B. orientalis demonstrated antimicrobial effect against all tested microorganisms. The highest
antimicrobial activity was found against Candida albicans and Salmonella enterica subsp.
enterica. Root extracts of S. hispanica weren'’t effective against all tested microbial strains
but extracts of above-ground part was non-significant effective against Salmonella enterica.
Authors considered that alcoholic extracts of investigated plants could be beneficial for new
microbiological and pharmacological study.
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Representatives of Cycadopsida - a group of ancient plants, that appeared in the Permian period of the
Paleozoic era. During the Jurassic and Triassic periods of the Mesozoic, they were an indispensable
component of the plant communities until the appearance and distribution of representatives of
Magnoliophyta. Today, 307 taxa of cycads are known. Plants of some species are traditionally used by the
local population in everyday life, for food or in folk medicine. For various reasons, populations of most
species are endangered. Some cycads species are no longer found in nature. All species of Ceratozamia,
Chigua, Encephalartos and representatives of Cycas beddomei Dyer, Microcycas calocoma Miq. A. DC,,
Stangeria eriopus (Kunze) Baill are listed in [ appendix CITES list. The remaining species of Cycadaceae
are listed in appendix II. Most representatives of Cycadopsida are listed in the Red List of International
Union for the Conservation of Nature and Natural Resources. Recent studies have shown the presence
in valuable herbs of Cycadopsida of valuable, and sometimes, unique compounds and phytocomposition
that can be used in pharmacy and cosmetology. In the work, the scientific, practical and historical
significance of the Cycadopsida is formulated, the traditional methods of their use and perspectives
of study are indicated. Taking into account the main directions of scientific and educational work
carried out in the NBG M.M. Gryshko National Academy of Sciences of Ukraine, with the collection of
Cycadopsida, provides information on the history of the discovery and study of the representatives of
this group of ancient ggymnosperms. In the context of the formation of the modern taxonomic hierarchy
of the Cycadopsida mentioned the most prominent scientists who were engaged in descriptions and
study of this group of plants.
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CTifKiCcTh eKoJIOriYHUX CUCTeM 30KpeMa i 6iocdepH B 1iJIoMy 3HAUHOIO MipOI0 3a/1€2KUTH Bif
6iosioriyHOrO Pi3HOMAHITTS. 3MeHIIeHHs Pi3HOMaHITHOCTI 6i0TH — HAaWOiIbII HebGe3nevyHa
cepes 3MiH JOBKi/JIS, 10 BifdyBaroTbCcs HUHI, 60 Lie abCcoJIIOTHO HE3BOPOTHIN mporec.
3HUKHeHHs B X011 pisioreHe3y okpeMUX BH/IiB € YaCTHHOIO POLECY EBOJIIOLITHOTO PO3BUTKY,
1poTe, IM Ha 3aMiHy MalOThb IPUXOAUTH HOBI BUAU. CbOTOZHI, Yepes ClloKMBallbKe CTaBJIeHHS
Jlo mpupoau (psiMe YU onocepeKOBaHe), Yepe3 MOTYKHUHN BILJIUB JIIOJUHHU HA TPUPOAY Il
MpoLec KPUTUYHO NopylieHo. JlocTaTHE BU/I0BE Pi3HOMAHITTS, 3 0ZJHOr0 GOKY, 3a6e3nevye
roMeoCTaTUYHUN CTaH OioreoleHosiB, 3 iHWIOro, A/s JIOAUHH, NPU palioOHaJbHOMY
BUKOPHCTaHHI, Ile HeBUYepIHe [pKepeJsio IPUPOJHHUX pecypciB.

CaroBHUKH - Iie rpyna YHiKaJIbHUX, JABHIX POCJIUH, SIKi 3'IBUJIKMCS BXKE B IepPMCbKOMY nepiofi
rajieo30icbKoi epyd. BoHM maHyBa/iM B 4acU HOPCHKOTO Ta TpPiacoBOro mnepiojiiB Me3030:0
i JiMlle 3 MOSIBOIO Ta PO3MOBCIOKEHHSIM NpeACTaBHUKIB Magnoliophyta, X 4ucesbHICTB
Ta PI3HOMAHITTA CYTTEBO 3MeHIUMJIWCh. Jlo TenepimHbOoro 4yacy onucaHo 307 TakcOHIB
caroBukoBuXx (IUSN, 2018). CyyacHi npeicCTAaBHUKH CarOBHUKOBUX IIUPOKO PO3MOBCHOKEH]
B ycboMy cBiTi (puc. 1), xoua ocHOBHA YacThHa BUAiB (10 70%) noxoauts 3 Kutarw, B'eTHamy
(puc. 2), ABctpaunii, [liBrenHoi Appuku ta Mekcuku (puc. 1). Biinsbko 25% Bcix BUAIB KJacy
3HAXOJATbCA Mifi 3arpo3010 3HUKHeHHs, a 15% - BBaKalOTbCA BpPa3JMBUMHU BHACJIZ0K
BTpAaTH CepeOBUIIA iCHYBaHHS Ta HEKOHTPOJIbOBAHOT0 BUKOpHUcTaHH4 (Yang et al., 2017).

PucyHok 1 PosnoBcromxeHHs npeactaBHUKiB Cycadopsida
Figure 1 Distribution of representatives of Cycadopsida

JlesKi BUiM CaroBHUKOBUX BiJIOMI JINIIE 3aB/SIKHU NEKIJIBKOM eK3eMIIJIIpaM, 10 3aUIIUIUCh
B npupofi. Bci Buau pogis Ceratozamia Brongn., Chigua D.W.Stev., Encephalartos Lehm.
i mpencraBuuku Cycas beddomei Dyer, Microcycas calocoma Miq. A. DC., Stangeria eriopus
(Kunze) Baill 3aneceni y [lomatok I cnucky CITEC (CITES, 1973). IHmi BuUAM poAUHM
Cycadaceae Pers. BHeceHi y JlogaTok Il. BisbiicTe npejcTaBHUKIB L€l Ipynu pOCaAUH
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3aHeceHi y YepBonuil Cnucok MixkHapogHoro Cow3sy Oxoponu Ilpupogu i [lpuposHux
pecypciB - MCOII (IUSN, 2018).

CaroBHUKOBI — pifiKicHI pOC/IHMHH, B 60TaHIYHUX cajaX YKpaiHW NpejcTaBJieHi 3a3BUYaAM
MOOJUHOKUMHU €K3eMIJIipaMM Ta TpuUBiaJbHUMHM BuAaMU. Halbinbmi kosekuii
yTPUMYIOTbCS B opaHxepesix HanioHanbHoro 6oraHiuHoro cagy im. M.M. TIpuiika,
y 6otaHiuHOMy cajay iM. akaz. 0.B. ®omina KwuiBcbkoro HamioHasnbHOro yHiBepcuTeTy
im. Tapaca llleByeHka, 60TaHiuHOMY caay JIbBiBcbKoro yHiBepcutety iM. 1.{. ®paHka Ta
6oTaHiyHOMY casy XapkiBcbkoro HanioHaneHoro yHiBepcuTeTy iM. B. H. Kapasina.

Y €Bpomni He icHye Miclb NPUPOJHOTO 3POCTAHHS CAarOBHUKOBUX, XO4ya A0 HaAC AiHILId
3raiky Mpo Te, K 6i/bllle YOTUPbOX TUCAY POKIB TOMY JaBHI eTPYCKU 3HAUIIIN AUBHY
ckaM'sHiJicTh (cTOoBOYp ofaHOro 3 mnpeAacTaBHUKIB Cycadopsida) (Wieland, 1916).
He3BW4HI Ha BUIJIAJ PELITKU POCJIUHHU, IMOBIPHO, IPUBEPHYJ/IU YBary, i BOHU BCTAHOBUJIU
ckaM’'siHiIM#M cToBOYp y Hekpomosi Map3a6orTo (HuHI MyHigunasitet B Itasii, y perioni
EMinis-Pomanbs). Llelt BUKOMHUM eK3eMILISIP € 3pa3KoM, 3 sKoro 6yso onucano Cycadeoidea
etrusca Capellini & Solms. Foro pemTky i cborofsi 3HaxoAaThcs B Mysei Kannesi B BooHbi.

Figure 2 South Vietnam, nature reserve. Cucas spp. in places of natural habitats, 2014

B wMicysax npupoaHoro 3poctaHHsa Cycadopsida TpafuLiliHO LIMPOKO BUKOPUCTOBYHOTLCS
MiClleBUM HaceJIeHHSM Yy TOCIoZapcTBi (B XapuyyBaHHI, B HapoAHIM MeaUIMHI, AJs
BUT'OTOBJIEHHS Pi3HUX N0OYTOBUX BUPOOIB, y cafiBHULTBI i T.4.). B A3ii ix 3acTOCOBYIOTB A1
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NpUKpalllaHHA Ca/liB, HU3bKOPOCJi NpeJCTaBHUKU BU/IIB, 1110 OX0ATh i3 [liBeHHOTr0 KHTato
Ta [liBHiYHOTO B‘€THaMy nonysipHi K pOCJUHY B CTUJIi G0HCAH. Y KUTAUChKiH Ta IMTOHChKUX
KyJIbTypaxX CarOBHUKH BUCOKO LIHYIOTh SIK CHMBOJIM JOBTOJIITTS, PO 1[0 CBIAYUTH IUPOKeE
3actocyBaHHs1 HapoaHoi HasBu “PeH Bei lao” (“rpaBa-xBicT ¢enikca”) abo “Pen Beit
[xao” (“nanbMa-xBicT ¢peHikca”), Ak HaTAK Ha MidpiuHOTO deHikca, JereHJapHy iCTOTY, 1110
“BiIpOKYETHCS 3 TOJYM'sl HOTO TOXOPOHHOI0 6araTTts’.

A mxKepesio XapyoBUX NMPOAYKTIB, CarOBHUKOBI 3aCTOCOBYBaJ/IM 3 NpaZlaBHIX 4YaciB B [HAII,
[liBgeHHo-cxifHiN Asil, Anownii, ABcTpasii i iHIMx kpaiHax. 3rafijkyu MPo POCAUHU Ijiel rpynu
3ycTpivaroTbcd 3 IX cTosiTTA. B 3anucax ABoX apabCbKUX HaTypasicTiB HAeTbCS Npo Te, 110
3/laBHa poCJIrHU poay Cycas L. BUKOPUCTOBYBAJIU SIK JpKepesio 6opoliHa B IHAil.

€Bporneiini BHeplile NO3HAaUOMUIMUCA 3 NpeJCTaBHUKAMM L€l IPynu TOJIOHACIHHUX Lie
y XIII cT., KoM BeHeliaHCbKHUH Kymelb Mapko [losio mpuBi3 Ha 6aThbKiBIIMHY caro -
KpOxXMaJleBMiCHUM MPOAYKT, 1[0 OTPUMYIOTh 3i CTOB6Yypa CarOBHUKOBUX. [CHYIOTh 3anucu
npo Te, wo nisuime, y XVIII cT,, ysacHuku ekcneauuii /lxx. Kyka nosnalloMusucs 3i 3BU4aEM
BXXMBaHHSIM B DKy abopureHaMu ABcTpaJsil HaciHHA caroBHUKIiB (Miquel, 1842, 1862).
[lizuime, y XVI ctouitTi, A. [liragperTa, . Kactanena i ®. [lpeiik 3Haimiu pocaunu Cycas
Ha MoJsiykkcbKux ocTpoBax (ina. Kepulauan Maluku), ne, matouu iHdopmariito mpo ix icTiBHi
BJIAaCTUBOCTI, CIpOOYBaJ/Iu iX BXXUBATH DXKY.

3 moyaTkoM MacuTabHoro ocBoeHHs HoBoro CBiTy 6araTo MaH/piBHHKiB-HaTypasicTiB
pobu/IM y CBOIX L0JIeHHUKAX HOTATKU Ta PUCYHKU LIUX HE3BUYHUX POCJIMH, OBiAOMIAIN
Npo BiJKPUTTS HOBUX BUJIB. 2KMBI cCaroBHUKHU pery/sipHO 3aBO3UJIM B 60TaHiuHi cagu Ta
CTBOpPIOBaJIM repbapii.

OpHi i3 meplIKMX HOTATOK PO caroBHUKOBI B HoBoMy CBiTi 6y 3po6JieHi [Ix. Jlepio. Y cBoii
nogopoxi o bpasuaii, y 1576 poryi, BiH cnocTepiraB BUKOPUCTAHHS POCJMH, SIKi KOpiHHE
HaceJIeHHsl HasuBaJio “aiipieM”. PocivHU 1iel rpynu Temep BiHOCATBH A0 poay Zamia L.
OfHUMU 3 MepIIUX HaTypaJicTiB ski 3i6pasu LiHHUKA MaTepias miJ 4ac cBOIX J0CaigKeHb
y TpomniuHiii AMepuui 6ysu A. l'ym6oabAT i E. Bormian (1799-1804). [lisHime, . [loemnir
B 1830-x pokax, MoBi/joMJISIB Mpo 360pH 3pa3KiB caroBHUKOBUX B [lepy Ta bosiBii.

Cepen mpuBaTHUX KOJIeKLiM Biazinsaock cBoro yacy 3i6panHs anraidug /x. Etica. Bin
6yB 60TaHiKOM-aMaTOpOM, BUBYAaB CaroBHUKOBIi, CHiJIKyBaBcs 3 6araTbMa BYEHUMHU-
GoTaHikaMM Toro wyacy. Moro rep6apiii 6yj0 NOXepTByBaHO BpHUTaHCBKOMY My3elo
B JloHpoHi. Takox B sitepatypi (Osborne et al, 2006) sragyetbca @. 'ap6api, Jikap
3 TpenTo (miBHiY [Tasnii), KoseKIito SKOTO ycnaAKyBaB 60TaHiuHui cag ®aopeHnii B 1907
poui. JI. KanidaHo, BceCcBiTHBO BiJJOMHI aTOJIOr0AHATOM, @ TAK0OX BiJOMUH KOJIEKI[iOHED
CaroBHUKOBHUX, 3aM0BiB CBOIO KoJieKIlito HeanosibcbkoMy 6oTa”iyHoMy caay (1976 p.).

Oco6uiMBUi iHTepec 3 60TaHIYHOI TOUYKHU 30pYy BUKJIMKAE PO6GOTA JATCHKOrO JOCTiAHHKA
@. JliomaHHa, kUi y 1840 pori B Mekculli 36MpaB MaTepiaJiu JJisl ONKCY NpeJICTABHUKIB
Dioon Lindl. Ta Ceratozamia Brongn. (Wendland, 1854). BogHouac, B. KapBinckil, y 1841-
1843 pp. odositoBaB ekcneauuivo Jo [liBaeHHol AMepukH, opraHizoBaHy [leTep6yp3bKor0
AxkazneMiero Hayk. [leBHHM 4yac BiH gociimkyBaB ¢uiopy Mekcuku. Ilicaa #oro mogopoxi
o O6oraHiyHOoro cagy B M. CaHkt-IleTepbypr 6y/0 mpuBe3eHO XUBUM MaTepian, Ha
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NpUKJIaJ[i IKOTO 6yJI0 OMMCAaHO HOBHUM BHJ], Ha3Ba sikoro He 36epiriack. Bropomorxk XIX
CTOJIITTA HAaAXOAWJIU JJaHHI BiJy MaH/IpiBHUKIB-HATYPaJIiCTIB PO HOBI BUAY, 110 3HAXOLU/IU
B [liBAeHHIN AMepuli - y Lieil nepiox 6ys0 3i6paHo 6araTo poCJAMHHOTO MaTepiany K AJs
60TaHIYHUX caJliB, TaK i AJIs MPUBATHUX KOJIEKLiH.

[lepmuii 60TaHIYHUI ONUC POCAMHY, 110 HAJIEXUTD 0 nopsajky Cycadales, 6yB 3AiiCHeHUN
6otanikoM X. /lpaakecTeliHOM, IKMW oNUcaB caroBHUKOBI mij Ha3Bow Todda-pannay 1682
pori. 3rogom, K. JlineH, y 1753 polli, BAKOPUCTOBYIOYH iJIF0OcTpanil 1[boro 60TaHika, Ha3BaB
pix Cycas (Linneaus, 1753).

[lepii cepilo3Hi KPOKH y CUCTEMATHIl CaroBHUKOBUX 3po6uB ®. Mikaesib, To/lIaHACHKHH
GoTaHik. Moro po6oTa (BuzaHa y 1842 p.) € MpHKJIaJoM HayKoOBOi CTPOTOCTi Ta AKOCTI
kopucHol iHpopmanil. Y 1861 pouni BiH ony6JiikyBaB cBOi Jonucu 3a Ha3Bow: “Prodromus
Systematis Cycadearum”, B SIKMX ONPUJIIOJJHUB BCIO BiZjoMy Ha ToM Yyac iHpopmarito 3 6iosorii
Ta CUCTeMATUKU UX pocuH. llle onHa Bu4uepnHa 3a indopmauiero MoHorpadis 6ysia BuAaHa
1868 poui ne Kangosem (de Candolle) “Cycadaceae. Prodromus systematis naturalis”. He
MeHII Ba)kKJIMBOIO, 3 HALIOro MOIJIALY, € po6oTa AMpeKTopa GoTaHiyHOro cany y CaHKT-
[TeTep6yp3i Perens (Regel, 1857) “Cycadearum generum specierumque revisio”.

Tinbku Hanpukinyi XIX cTopiyuyss po6oTH HiMenbkoro 6oranika B. ['odmeiicTepa pasom
3 poboTamMu AnoHcbkux 60TaHikiB C. Xipase Ta C. [keHO BU3HAUYM/IM Miclle CarOBHUKOBUX
cepesi BUIIMX POCIAWH SIK OAHIi€l 3 HaWJApeBHIIIMX rpyn roJsioHaciHHux. [lepmi 6oTaHivyHi
onucu pogiB Cycas i Zamia, sik 3a3Havasocs, 6ysu 3po6Jieni K. Jlineem y 1753 poui. [lizHiune
CTaJo BijoMo, 1110 Nif pofoBoto Ha3Boto “Cycas” K. JIiHHel onucyBaB sIKk MiHIMyM TpH pi3sHUX
BU/IY, Ki BizjoMi i Ha cborozHi. Cepef oro 3anuciB yacTiie 3a Bce 3raayBaBcs Cycas circinalis
L., IpoTe 3 BOCbMHU €K3eMILISpIB, IKi 6y/u BUKOpUcTaHi npu onucax K. JliHeem sumie aBa
HasexaTb BuAy C. circinalis. [H11i ek3eMIISApH, IK CTaJI0 BioOMO Mi3Hillle, HaJlleXXaTh BUAaM
Cycas revoluta Thunb., 1784, Ta Cycas rumphii Miq.,1839.

Y 1842 poui ®. Mikaesb onucaB aBCcTpaliicbKui pig Macrozamia Miq., B HAaCTYyIHOMY poLi
J. Jlingui onvcaB HOBUM MiBHiYHOAMepPUKAaHCbKUM pif, skuil BiH Ha3BaB Dioon. Ili3Hime
(1861, 1868, 1870) 11uM aBTOpOM 6YJ/10 ONy6JIiKOBAHO HU3KY JIOC/Ii/[P)KEHD 10 CATOBHUKOBUM,
cepen IKMX OyJia po6oTa mij Ha3Bow “Nouveaux materiaux pour servir a la connaissance
des Cycadees”, B sikili 6yJsi0 ONpU/IIOJHEHO BCi BiloMi Ha TOW Yyac 3HaHHS 3 CUCTEMATUKHU Ta
6iosorii qux pocauH. Pig Zamia Bnepuie onucas K. Jlinue# y 1763 (Linneaus, 1763).
CaroBHUKOBI, 110 HaJexaThb A0 poay Encephalartos Lehm., Bnepiiue onucani M. JlemaHHOM
B 1834 poui. HazBa poay moxoauTh Bif rpenpbkux ciiB “en”, mo o3Havae “B”, “cephale”, mo
03Havae “rosioBa” i “artos”, o o3Havae “xyi6”. 3a CBiAYEHHSIMHU aBTOPA, Ty3eMHe HaceJIeHHs
OTPUMYBaJI0O MYKY 3 HacCiHHSI BEpPXHbOI YaCTUHHU CTPO6iJIiB pocsiuH 1boro poxay (Lehmann,
1834). 3a aBa poky, y 1846 p. A. BpoHrHiapT onucas pij, KU BiH HasBaB Ceratozamia
Brongn.(3 rp. «xeras» — «pir»), 06 MiIKPeCJIUTH CBOEPIHY 6yA0BYy ciopodiniB (Brongniart,
1846).

Y 1853 poni T. Myp omucaB HeBeJUKUN MiBAeHHOAQpPUKAHCHKHUM pif, AKWU BiH Ha3BaB
Stangeria T. Moore Ha 4yecTb JjlokTopa CTaHrepa, reHepaJbHOT0 HayasbHUKa HaTanbcbkol
npoBiHuii, skuit B 1851 poui BigiciaB 3 HUM pociauHy B AHriito 3 mopty Hartan (Moore,
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1853). Bnepme Bup Stangeria eriopus (Kunze) Baill. onucaB 0. KyHume B 1892 poui.
[lepiioyeproBo mei BUA 6ysi0 ileHTUdIKOBAaHO SIK NAMOpoTh poAy Lomaria v TiIbKU NOTIiM,
6epy4u A0 yBaru po6otu Mypa 1o onucy cTpo6iiB, el BUJ| CUCTeMaTU3yBaJIU SIK TOH, 1110
BiiHOCHTBCS 10 mopsaaky Cycadales (Vorster, 1985).

Y 1857 poui E. Peresb onucaB HOBUM aBCTpasiicKill piJi, skoMy BiH JlaB Ha3By Lepidozamia
Lehm., ozarouu 10 Ha3BU Zamia rpelibKy Ha3By (“lepis” = mkasa), ToMy 110 JUCTKOBI pyo11i
Ha cToBOYpi 1€l pocauHu HaragyoTh Jiycky 3Mmii (Regel, 1857). Ilisnime, y 1863 poui, [Jx.
Xykep onucaB HOBUH aBCTpastiiicbkkuii pig Bowenia Hook. f., Ha 4yecTh 60TaHika i mepioro
rybepHaTtopa Ksincienga cepa Jx. @. bBoyeHna. [le Kaygose onucas pig Microcycas (Miq.)
A. DC. - enzem 3 o. Kyb6a, gogaBmu cioBo “micro” po Ha3Bu Cycas, Xoya Iie He 30BCiM
KOPEKTHO, OCKiJIbKH 3a po3MipaMu ek3eMIIsipu Microcyas 6yBaroTh Oi/blli, Hi’XXK POCUHU
Cycas (Caudolle, 1868).

OgHuUM i3 HaWBifOMILIMX [JOCHIJHUKIB CaroBHUKOBHUX OYB aMepUKaHCbKHUH 60TaHik
K. /x. Yembep.iaH, yui npali BUK/JIMKaJU iHTepec 3aB/sSKHU BeJUKIN KiJIbKOCTI HQyKOBUX
JlaHUX Ta HOBM3HI Horo miAxoAy /[0 BHUBYeHHs npeAaMeTy. Brnpogosxk 15 pokiB BiH
nonopoxXyBaB Adpukoio, AMepukoio Ta ABCTpaJli€lo, CIOCTepiraloyd CaroBHUKOBI B iX
MPUPOJHOMY CepeJloBHUIL, 1110 a0 NOLWITOBX 0 HanucaHHda y 1919 poui MoHorpadiyHoro
3BegeHHs “The living cycads”. lle inpopmaTrBHa Ta 1iikaBa MoHorpadis, ska i Ha cboroaHi
3JIMIIAETBCS  AKTyaJbHOI CTOCOBHO TaKCOHOMIii, MopdoJsorii Ta penpoayKTHBHOI
6ioJorii caroBHUKOBUX; GU/IbILIICTh HaBeJeHOI iHopMallii oTprMMaHO aBTOPOM BHACJIiJIOK
NpOBeJleHHS OpUTiHaNIbHUX Jocaifxenb (Chamberlain, 1919).

Ha nmouatky 1940-x pokiB K. [xx. YemOepJsieH HamucaB 1je oJHy MOHOrpadito, MPUCBSIYEHY
pocavHaM nopsiika Cycadales, B ki BiH NMOBiZOMHUB Mpo MeBHI HETOYHOCTI MomnepeaHix
Jocaimpkensb Liel rpynu. [IpuMipowm, BiH pilllydye KpUTHKYE NPAKTUKY ONMMCAaHHS HOBUX BU/IIB
3 €AMHOTO0 3pa3Ka repbapito a6o KUBOI pOCIUHU CYMHIBHOI'0 MOXO/>KeHHs, 6€3 po3yMiHHSA
MiHJIMBOCTI LIUX POCJUH NMPOTAroM IiX XKUTTEBOIrO IUKJIY. Ha »asb, 11 pob6oTa HiKOJIU He
6ysna onyb6JsikoBaHa. Komii pykonucy YembepJsieHa 36epirarorbcs B TpomiuHoMy cany
®deppixinpzaa B Maiiami, Heio-HopkcbkoMy 6oTa"iuHOMY cagy Ta BotaniuHoMy cagy Heamosis
(Chamberlain, 1943; Haynes, 2007).

CucreMaTHuKa Iii€l Tpynu TOJIOHACIHHUX BIOPSIAKOBYETHCA i AOHUHI. Mailhke mosoBUHA
BU3HAHUX HA CbOTOJHI [leHb BHU/IiIB CArOBHUKOBHUX OY/JIM TAaKCOHOMIYHO ifjeHTHdikoBaHI
B octaHHi 20 pokiB. Tak, HOBi TaKCOHM CaroBHUKIB 6Y/IM omucaHi i B OCTaHHI JeCcaTUJIITTS,
3okpeMa, /Jl. CtiBeHcoH i K. HocTor omucanu HOBUM, eHJleMIYHUH, PO3MOBCIOKEHUN Ha
ny>ke o6MexKeHid TepuTopii cxigHoi yactuHi [liBgeHHOT AMepukH pig poay Cycas - C. chigua
(Stevenson, 1990).

Ak 6yJsi0o 3a3HaYeHO, 32 OCTAHHIMH OQiliIHHUMU JaHUMH Ha CbOTOJHI Bimomo 307 BUAIB
CaroBHUKOBUX, fAKi BigHOCATbCA A0 11 poais. CydacHi poc/iMHU L€l IPyNU PO3NOBCIOMKEHI
B yCiX YaCTHHAax CBiTY, KpiM €EBponu Ta AHTapKTUAU. CTaHoM Ha 2018 p. 3araJibHONPUKHSATE
CUCTeMaTUYHe 3BeJleHHS] CarOBHUKOBUX € pe3y/bTaToM o6‘eqHaHoi pobotu /. XeHapikca,
K. Xinma, P. OcbopHa Ta /l. CtiBeHCOHa, fIKi mpalfoBajyd HaJ, HUM YNPOAOBXK OCTaHHIX
JIBOX JECATUJIITh. ¥ KOMEeHTapsX ;0 HbOro aBTOPHU 3a3HavarThb: ‘Haur nepuinit “CBiToBUA
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cnycok” 6yB ony6JikoBaHUM B “Encephalartos, Journal of the Cycad Society of South Africa”
3 He3HaYHUMHU 3MiHaMU B J0JaTKOBOMY CHHUCKY B HaCTyHNHOMY BMIIyCKYy TOTO X KypHaJy.
Kisbka OHOBJIEHb CJliAyBaJu 3a HOBUMM BIAKPDUTTAMH Ta 3MiHAMM B TaKCOHOMIl Ta
B cBiTOmIs4i, 0c06/1MBO B pojgax Cycas, Encephalartos, Macrozamia i Zamia, 1o 3po6uiu
nomnepesiHi CNUCKW 3acTapiiuMu. BoHM Oy/ad mpeJicTaBjeHi Ha Pi3HUX MiDXKXHAPOAHUX
KOH(epeHIIisIX MPUCBAYEHUX MUTaHHAM 6ioJiorii caroBHukoBux” (Hill et al., 2004).

[[lupoke BUKOpPUCTAHHS IpeACTaBHUKIB Cycadopsida y HapoAHI MeaWIMHI 3aBXIU
HaBOJMJIO Ha JAYMKY MPOTe, 110 Ii pOCMHU MICTATh LiHHI, $i3i0/0riYHO aKTUBHI CIIOJIYKHU.
Big mnovaTky, XiMi4HI [JOCJiIKEHH CaroBHUKOBUX 30CepeJUJMCI Ha BH/JIJIEHHI Ta
imenTudikanii ToKCUMYHUX CcKIaoBUX. [lepmi mocaimxkeHHsa 6yau 3jilicHeHi B ABcTpaJii
Hanpukidii IXX ct. BoHU 6y/aM cnpsMoBaHiI Ha BUAIJIEHHS TAa BUBYEHHS TAKUX PEYOBUH
K CMOJIM, MyLUH i waBJjeBa kucjaoTa. ¥ 1900 pokax roJssiaHacbkuit ypsag B Oct-IHail Ha
YHCJIEHH] MPOXaHHSA 1010 BUBYEHHS LIKiJIMBUX KOMIIOHEHTIB HaciHHA C. circinalis, o 6yB
JDKepeJsioM XapyoBOI0 KpOXMaJll0o Ha OCTPOBaX, 3alovyaTKyBaB Horo jgociifpkeHHs. Po6oTa
oy.s1a 3iicHena B l'osstan i, 6ysio BUiiieHO “aMmopbHUN 6€3a30TUCTHH TIIKO3U 1, IKUH 6YJ10
Ha3BaHO nakoeiH. [lisHime npoBoauanuck focaifkenHs C. revoluta Ta Macrozamia spiralis
(Salisb.) Miq., HaciHHS siKuX 6ys10 BU3HaHO oTpyiHUMH (Whitelock, 2002).

Jpyra cBiToBa BiliHa mepepBasia JOC/Hi/PKEHHSI CaroBHUKOBUX, ajie BiJipasy micjis BilHU
BOHHU Oy/1d BigHOBJeHi. Y 1949 i 1951 pp., B. Jlanrne, H. Pirrc, Ta B. Jlicroe, siki npaioBaau
3 aBCTPaJiiCbKUMHU BUJAMH, BUAIIHIM [VIIKO3UA, Makpo3aMiH. [li3Hilne BiH 6yB BUiIeHUH
3 Cycas, Bowenia ta Encephalartos. ¥ 1956 poui H. Pirrc oTpuMaB cxoxi, ajie He iJeHTU4HI
pedoBUHM 3 HaciHH4 C. circinalis (Whiting, 1963).

KpiM riikosuziB y caroBHUKOBUX Oysio BUJiIEHO JekKiabKa iHmMx crnoayk. K. Himiga
i M. Homumipa Buginuau Ha ifeHTHdikysanu iHosuToM 3 HacinHa C. revoluta. Y 1949 por,
npamptun 3 Macrozamia riedlei (Gaudich.) Y. l'apauep, E. Pirrc onucanu BujijieHHs Ta
inenTudikarniro cek’ritosny (sequoyitol), mpocToro mMoHoetusoBOoro edipy mMe3o-iHO3UTY.
OnHa 3 MPUYMH LIKaBOCTI A0 BUBYEHHSl CEK'I0ITOJy B TOMY, L0 BiH MICTUTBCA y MO3KY
i HepBOBIHM TKaHUHI.

[lomwyky iHIIMX TOKCHUHIB, KpiM I[MKa3iHy, y CaroBHUKOBUX YBIiHYAJUCh ycmixoM y 1967
polii, Kosii 6yJsio BU/IiJieHO i onucaHo B-meTui-L-ananin (BMAA), 1oBefieHo, 1110 s CIoJyKa
MPOAYKYEThCA IiaHOGAKTEpPisAMHY, 1[0 BCTYNAIOTh ¥ CUMOGIOTHYHI BIZHOCHHM 3 KOpEHAMHU
JlesIKMX caroBHUKoBUX (Vega et al,, 1967). Y 1967 amiHokuc/aoTa B-MeTu-L-anaHin (BMAA)
O6ysa BUJiJeHa 3 POCAUH - NpejcTaBHUKIB Cycas. HelpoToKkcMyHa aKTHUBHICTb LbOTO
3‘eqHaHHA Oysa miATBepAKeHa ULISAXOM BBeleHHs BMAA kypyaTaMm i MosiofuM Iiypam.
3rifiHO JociimKkeHb, TinbKU L-i30Mep wi€el ciostyku nposiBiisie TokcuuHi epextu (Vega et al.,
1968). BcraHoBJieHO, 1110 BMAA MicTUTBCSA B HaCiHHI carOBHUKOBUX. B pe3y/sibTaTi nojaibux
JlocikeHb 6yJ10 J0BEeIEHO, L0 1ie 3'€JHaHHS BiZiOBi/ja€ 3a BUCOKHUU piBeHb 3aXBOPIOBAHOCT]
B 'yami y mMicuieBoro HacesieHHst BAC (60koBu# aMioTpodiyHUH ckJiepo3). Xo4a, BiloMo, 1[0
npy TpaJUuLiiHOMY BxKMBaHHI Ti€l kiibkocTi BMAA, sika HaIXOJUTh B OpTaHi3M He J0CTaTHbO,
11106 BUKJIMKATU HEBPOJIOTiYHe YIIKOAKeHHS. [IpoTe 6y/10 BUC/IOBJEHO NPUIYILEHHSs, 110
BMAA moxe 6i0JI0ri9YHO MOCUJIIOBATUCh IIJIIXOM 6ioJioridyHOro JiaHupora. [Ipy mogaabmmx
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jociaigpxenHsAx BMAA Oyso BCTaHOBJIEHO, IJ0 CHUJbHUH TOKCMYHMH BIJIMB Ha MO30K
MOXJIMBUM JiMIIE TPU JIy»Ke BUCOKUX KOHIeHTpalisax. Enigemiosoriuni gani aoauHu ta
BUBYEHHS TBApUH B IPUPOJHUX YMOBAX MOKa3ylOThb, W0 KibKicTb BMAA, 110 HaAXOAUTb
Jl0 OpraHiaMy 3 MyKo10, IKy OTPMMYIOTb NIpX NepepoO6lii CaroBHUKOBUX, He JOCTAaTHBO, 106
BUKJIMKaTHU HellpoJlereHepaTUBHe 3aXBOPIOBAHHSL.

YHnpo/i0oB OCTaHHIX [IeCATHJITh MHUPOKO BHUBYAJUCh AHTUOAKTEpiasibHI BJIACTUBOCTI
CarOBHUKOBHUX, 30KpeMa JAOC/i[pKyBaJlaCb HAasABHICTb aJKaJIOiZiB, CallOHiHU 1 ByryieBoAu
y HacinHi Cycas circinalis (Kalpashree et al, 2013; Moawadetal, 2013). CapkorecTa,
CKJIepoTecTa Ta eHJoTecTa Oy/au JAOC/]i/pKeHI Ha aHTUOaKTepiaJbHYy aKTUBHICTb MPOTHU
TPbOX MaTOreHHUX GakTepil, 30kpeMa Bacillus cereus, Staphylococcus aureus, Escherichia
coli. TlopiBHAHHSI iHTiGYHOYMX AKTHBHICTh €KCTPAKTIiB 3 aHTUOIOTMKAMH BaHKOMIiI|MH
i meHigUJ/IiH NPOTH JIIOJCbKUX NAaTOreHHUX O0aKTepill mokasaJsio, L0 eKCTPAKT MeTaHOJy
3 HaciHHsA Cycas circinalis 6yB 6iabll JiEBUM, Hi)K Yy NPOTECTOBAaHHUX aHTUOIOTHKIB.
JocnipkeHHsT ToKasanau, 1o Juctsa Cycas revoluta TaKoX BOJIOLIIOTb MOTYXKHOMO
AHTUMIKpPOGHOIO i aHTHOKCHJAHTHOMW AissMu (Bissa et al., 2008). Takox 6ys10 JOCiIKEeHO
nentup, Ala-Trp-Lys-Leu-Phe-Asp-Asp-Gly-Val, mo otpumanu Hacinusa Cycas revoluta
3a JlonoMorow ob6epHeHO-da30Boi piauMHHOI XpoMmaTtorpadii. el menTuz AeMOHCTpPYE
WKIiAJUBUN BIJIUB NMPOTHU JIIOJCbKOTO eNiIepMOiJHOTO paKy i paKOBUX KJITHUH TOBCTOI
kuikyu (HCT15). llenTus, BUKJMKAE rajbMyBaHHsS TmpoJidepanii pakoBUX KJITHH
i mojasblioro pyWHYBaHHS HYKJIEOCOMHOI CTPYKTYpH, iHAYKLil amonTo3dy IJISXOM
npsimMoro 3B‘sisyBaHHsA [JHK (Mandal, 2012). AnonTo3 6yB BUSIBJIEHUH B TiCTOJIOTIUHUX
3pi3ax TKaHUHU MO3Ky | KHIIeYHHUKa JOPOCAMX MULIEH, AKUX roAyBajid IpenapaTaMu
3 "HaciuHa Lepidozamia peroffskyana. Us opma kaiTHHHOI cMepTi Oysia TakoX 3HaljeHa
Ha BHCOKUX piBHAX B MO3KOBiM TKaHUHI MUILEN, HAPOKEHUX Bifl JOPOCAUX MULIEN, TKUX
rojyBasiv npenapatoM (Gobe, 1994).

PesynbraTu pocaimkenb Cycas beddomei mokasany HasiBHICTb 23 (eHOJBHUX CHOJYK,
7 duaaBoHOiIB i 5 aHTONiaHiAIHOBUX 3‘€/lHaHb y BCiX 4YacTHHaX pocauHM. li crnosyku
€ 6i0JIOTIYHO aKTUBHUMH B SIKOCTi aHTUMIKPOOHHUX MPOTH NATOTEHHUX GAKTEpPil JIIOJAUHH,
1110 BUKJIMKAOTh LIKipHI 3aXBOPIOBaHHA, peBMaTU3M i BUpaskH (Alekhya et al,, 2013).

Hamu 6ys10 gociifkeHo JUCTSA npeAcTaBHUKIB Ceratozamia kuesteriana Regel, Ceratozamia
robusta Mig., Cycas circinalis L., Cycas micholitzii Dyer, Cycas revoluta Thunb., Cycas rumphii
Mig., Zamia integrifolia L.f., Zamia loddigesii Mig., Zamia pumila L.. Po6oTu npoBoAWIHCh
3 pocaMHaMU KoJieklid HanionanpHoro 6oraniunoro cagy im. M.M. 'pumika HAH Ykpainu
Ta 6oTaHiyHoro caay iM. akaa. O.B. ®omina KHY im. Tapaca llleByeHka. B pesynbTaTi
NpOBeJIeHUX JOCJi[)KeHb 6yJ0 BUSBJIEHO, L0 HANOIAbLI TOKCMYHMMH 3a BMICTOM asa-
mako3u/iB € Ceratozamia kuesteriana Regel, Zamia loddigesii Mig. Ta Cycas circinalis L. He
MEeHIII BaXKJINBUMU € pe3yJIbTAaTH MOPiBHSAJBHOTO 6i0XiMiYHUU aHai3y, 1110 BUSIBUB He3HAYHI
BiZAMIHHOCTI y pi3HOCTaTeBUX NpeJCTaBHUKIB OKpeMUX BUAIB (I'paxoB TaiH., 2015; laligapxu
Ta iH., 2018).

B ocTtaHHi JecATWJITTS cHoocTepiraeTbcs Bce GiNbIIMKA iHTepec 0 6iocHcTeMaTHKH,
nopiBHsJIbHOI MopdouJiorii, ekoJiorii, ¢pisiosiorii Ta penpoAyKTUBHOI 6i0J10Ti] CATOBHUKOBUX,
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30KpeMa, He MOXHa He 3rajaTu npo npodecopa K. Hopcrora, sigepa y BuUB4YeHHi
pernpoaykTUBHOI 6ioJiorii i€l rpynu (Norstog et al,, 1997).

CBizonTBa TOKCUYHOCTI CarOBHUKOBUX HAJXOASATh 3 6araThox Jpkepes. Ha »asnb, KJaiHiuHI
i 1abopaTopHi JaHHI 1110/10 3aXBOPIOBaHb, NOB'A3aHUX 31 CIOKMBAaHHSAM CaroBHMKOBUX B 1KY,
Maike BificyTHi. EKcnepMeHTH MoKa3asiy, 10 [ViKO3UAM MPU3BOJATH 10 MOLIKOKEHHS
nevyiHKH, ajle HEMA€ /I0Ka3iB, 1[0 CHOXXUBAaHHA Oy/lb-IKUX KOMIIOHEHTIB POCJIMH MOXYTh
MPU3BECTH 10 apasiuy.

BHUCHOBKU

TakuMm 4mHOM, Gepy4yd [0 yBaru JiTepaTypHi AaHi Ta OTpUMaHi pe3y/JbTAaTH BJIACHUX
JlOCJIiPKeHb, MOXXHa CTBEp/PKyBaTH, IO NpeACTaBHUKU kJacy Cycadales € UiHHUMUH
JokepesiaMu 6i0JIOTIYHO aKTUBHHUX CIOJIYK, Ta MOTPeOYTh NMOAAJIbLIOro, 6ibll MIMO60KO
BUBYEHHS. BiJKpUTHMHU € mUTaHHSA 100 cTaTeBoi ifleHTHOIKaNil NMpeacTaBHUKIB Ii€el
IPyNH POCJIMH, fIKI 1lle He JOCATIA PeNpPOAYKTUBHOTIO BiKYy, PO3MHOX€EHHS, ex situ Ta in vitro,
panioHa/JbHOTO BHKOPUCTAHHS Ta 36epekeHHs in situ. BakJMBHUM € BUBYEHHSI POCJIUH
B YMOBax ex Situ 3 MeTOI0 BCTAaHOBJIEHHA JUHAMIKU POCTY i PO3BUTKY POCJHH BIPOLOBXK
TPUBAJIOTO 4Yacy AJsg GOpPMYJIOBAHHSI ONTHMAJbHUX arpoTeXHIYHHUX 3aXO[iB 3 METOM
YCHOIIIHOTO YTPUMaHHSI KOJIEKLid y 6O0TaHiYHMX 3akJaZlax Ta BUBYEHHS NEepCleKTUB
inTpoaykuii. HuHi 6iabLIicTh CAaroBHUKOBUX 3HAXOAATHLCSA IijJ 3arpo30i0 BUMHpPaAHHS,
OCKIJIbKM BOHHU NOXOJATH 3 MiClb, AKi aKTUBHO €KCIUIYaTYHTbCA JIOAUHOW. Jledki BUAU
Bizjomi smme 3a kibkoMa ocob6uHamu. OmHAK, yepe3 iHTepec A0 iX XiMiUHOTO CKJany,
JleKOPAaTUBHHUX BJIACTUBOCTEH, 6araTo CaroBHMKOBUX 3HAUILJIM NPUTYJIOK Y Jep>KaBHUX Ta
NpPUBATHUX CaZiaX [0 BCbOMY CBiTy, MPOBOAATLCS POOOTH 11010 36epexKeHHs] 3HUKAYUX
BU/IIB, TPUBAE CeJleKLif.
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Morphology of pollen grain was described for nine Aronia mitschurinii A.K. Skvortsov & Maitul.
phenotypes (AM-01 - AM-09) at the laboratory of Department of Tropical and Subtropical plants
of M.M. Gryshko National Botanical Garden of NAS of Ukraine (Kyiv) and Institute of Biodiversity
Conservation and Biosafety at Slovak University of Agriculture in Nitra using an electron microscope
Carl Zeiss LS 15. The measurement of morphometric parameters was carried out on 50 pollen grains
from each phenotype using the AxioVision Rel. 4.8.2.0 program. The measurements were made in
micrometer (um). The length of polar axis (P) and the equatorial diameter (E) of grain, P/E ratio were
measured and their variation was compared among studied genotypes. SEM investigations showed
that the pollen grains are radial-symmetrical, isopolar, oblong-ellipsoid and 3- and 4-colporate.
Texture is sinuous-tuberculate in equatorial zone and finely bumpy in polar zone. The polar axis and
equatorial diameter of pollen grains values were varied from 34.16 to 50.14 um and from 16.10 pm
to 25.71 um, respectively. This study showed that there were differences among the phenotypes in all
measured factors. It is known that phenotypic variability is an evolutionarily fixed response of any
group of organisms with a constant genotype to changes in environmental conditions and it is adaptive.
Therefore, our research suggests that all individuals forming the introduction population of Aronia
mitschurinii are sufficiently adapted to the conditions of M.M. Gryshko National Botanical Garden of
NAS of Ukraine.
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Introduction

Research into the morphological characteristics of pollen grains by scanning electron
microscopy (SEM) from specific genotypes and cultivars are important and useful for
taxonomy, phylogeny, palaeobotany, breeding programmes, e.g., Pyrus spp. (Westwood and
Challice, 1978; Motyleva et al., 2017), Vitis vinifera L. (Ahmedullah, 1983), Prunus cerasus L.
(Miaja et al., 2000), Olea europaea L. (Javady and Arzani, 2001), Prunus armeniaca L. (Arzani
et al., 2005), Cornus mas L. (Mert, C. 2009), Diospyros spp. (Grygorieva et al,, 2010, 2013,
2017), Corylus avellana L. (Nikolaieva et al.,, 2014), Ziziphus jujuba Mill. (Rouhakhsh et al,,
2014), Castanea sativa Mill. (Grygorieva et al., 2015), Cydonia oblonga Mill. (Radovic¢ et al.,
2016), and Cichorium intybus L. (Adamchuk et al., 2017). Size, shape, surface morphology, and
ultrastructure of pollen grains are of great importance in the characterization of the pollen
grains (Erdtman, 1966; Fogle, 1977; Martens and Fretz, 1980; Brindza and Brovarskyi, 2013;
Dyakova, 2014; Brovarskyi et al., 2017; Chlebo and Adamchuk, 2017).

The characteristics of pollen grains are often additional diagnostic features for taxa of various
ranks, as shown for Caragana arborescence Lam. (Kuklina et al., 2015), Lupinus polyphyllus
Lindl. (Vinogradova et al., 2012), Robinia spp. (Vinogradova et al., 2013), Solidago L. complex
(Vinogradova, 2012).

The properties of the pollen grains of different phenotypes of Aronia mitschurinii have not
been evaluated in detail yet.

The knowledge of pollen morphological characteristics can be an adequate method for
identification phenotypes of Aronia mitschurinii.

Material and methodology

Locating trees and data collection

The pollen of 9 Aronia mitschurinii phenotypes (AM-01 - AM-09) from the collection of M.M.
Gryshko National Botanical Garden of NAS of Ukraine (NBG) was investigated.

Pollen grains collection

Freshly flowers (not opened) were collected randomly from the different genotypes at the
balloon stage (May 2018). Pollen samples released from dry flowers were further dried under
laboratory conditions. The dry pollen was used for a microscopic study of morphological
characteristics. The samples of pollen grains were applied to double-tape, fastened to metal
object tables with 10 mm diameter.

Scanning electron microscopy (SEM)

The pollen grains were studied at the laboratory of Department of Tropical and Subtropical
plants of NBG and Institute of Biodiversity Conservation and Biosafety of Slovak University
of Agriculture in Nitra (IBS) using an electron microscope Carl Zeiss LS 15, and the
microphotographs were taken. The comparative morphological studying of the pollen grains
was performed according to the working rules on the SEM JEOL JSM-6390 in the conditions of
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low vacuum (P = 60 Pa) with the following zooming: 500 times - during the measurements;
1000-10000 times - while taking the pictures of the exine sculpture features. Using the
regime of low vacuum allows to perform the pollen studying without its preliminary chemical
treatment and to receive undistorted data about the research object that makes the process of
the probe preparation easier. Typical exine patterns, shape, size and the dimensions of pollen
grains for each Aronia mitschurinii genotypes were determined by using a scanning electron
micrograph (SEM).

Morphometric characteristics

The measurement of morphometric parameters was carried out on 50 pollen grains from
each genotype using the AxioVision Rel. 4.8.2.0 program. The measurements were made
in micrometers (um). The characterization of pollen grains was calculated by taking the
following parameters: the polar axis (P - line connecting the proximal and distal pole), the
equatorial axis (E - a line perpendicular to the polar axis and located in the equatorial plane).

Statistical analysis

Basic statistical analyses were performed using PAST 2.17; hierarchical cluster analyses of
similarity between genotypes were computed on the basis of the Bray-Curtis similarity index;
multi-dimensional scaling (MDS) analyses were performed in PRIMER (Clarke and Gorley,
2006). Variability of all these parameters was evaluated using descriptive statistics. Level of
variability determined by Stehlikova (1998).

Results and discussion

This study of pollen morphology of tested Aronia mitschurinii showed that pollen grains
are radially symmetrical, isopolar and according to the localization of apertures are zono-
tricolpate. Three compound apertures are according to distribution equidistant. The size,
shape of pollen grains and number of apertures are documented on Figure 1.

Pollen grains oblong-ellipsoid, the apertures are long. In the received pictures it is clearly
seen that the pollen grains of the presented blackberry breeds are 3 - and 4 - colporate. In
polar view pollen grains are circular and triangular with straight or convex sides, in equatorial
view - elliptical. Colpi, with uneven edges and pointed or blunted ends, almost converge at
the poles. Colpi have granular membrane. Colpi are elliptic, longitudinal and elongated with
straight or orbicular-dentate edges. Texture is sinuous-tuberculate in equatorial zone and
finely bumpy in polar zone.

The polar axis (P), equatorial diameter (F) and polar axis to equatorial diameter (P/E) ratio of
pollen grains of nine Aronia mitschurinii phenotypes were measured using scanning electron
microscopy (SEM), and the results are displayed in Table 1. An important morphological
characteristic is the size of pollen grains. The length of polar axis (P) varied from 34.16 to
50.14 um and the width of the equatorial axis (E) was in the range of 16.10-25.24 um. The
values of variation coefficient were in the range of 4.20-5.84% for polar axes and in the range
of 6.31-9.28% for equatorial axes.
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Figure 1 Pollen grains of Aronia mitschurinii A.K. Skvortsov & Maitul. species in different positions
(Photo: Gurnenko, 2018; Motyleva, 2018)
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Table1  The measured pollen morphological traits of selected phenotypes of Aronia mitschurinii

AK.Skvortsov & Maitul.

Phenotypes min max CV%  min max CV % min max CV %

P - Polar axis (um) E - Equatorial axis (nm) SI - shape index (P/E)
AM-01 39.78 47.39 510 1747 23,58  8.02 1.68 2.53 10.41
AM-02 40.14 50.10 5.84 1899  25.24 6.55 1.70 2.45 7.97
AM-03 39.38 49.12 4.65 19.35 23.96 6.71 1.80 2.43 8.82
AM-04 36.53 47.12 5.48 18.49  24.29 6.67 1.63 2.30 8.64
AM-05 38.95 50.14 556 19.10  25.00 6.31 1.74 2.32 7.83
AM-06 41.26 49.38 455 1651 22.09 7.40 1.90 291 8.54
AM-07 40.69 49.50 420 1694 2235 7.34 1.93 2.59 7.50
AM-08 34.16 41.77 547 1610 20.29 6.38 1.80 2.48 7.78
AM-09 39.04 47.92 5.15 16.23  24.28 9.28 1.83 2.85 10.99

Note: min - minimum value; max - maximum value; CV - variation coefficient (%).

Shape index (SI) of pollen grain depends on parameters of polar (P) and equatorial (E)
axis. Shape index (the P/E ratio) of tested species varied from 1.63 to 2.91. Mean values of
morphological parameters of pollen demonstrated on Figure 2. According to the average
values, the phenotype AM-08 has the smallest pollen grains 38.00 x 18.22 um (Figure 2A). On
the dendrogram (Figure 2B), you can see that the phenotype AM-08 is really separated from
the other samples. According to literary data, Aronia mitschurinii is a facultative apomict, and
all her cultivars have only one genotype (Persson-Hovmalm et al., 2004; Vinogradova and
Kuklina, 2014).

AM-04
60 . . .
i Polar axis (pm) B Equatorial axis (pum) AM-01 |
50 AM-09

i AM-07

AM-06

30

AM-03

AM-05
10

AM-08

0 . . y y . , y . '

AM-01AM-02 AM-03AM-04AM-05 AM-06AM-07 AM-08 AM-09 0.99 098 097 096 096 095 094 093 0.9
Similarity

A B

Figure 2A-B Theaverage valuesand dendrogram of Aronia mitschurinii A.K. Skvortsov & Maitul. 9 phenotypes
based on morphometric characteristics of pollen Conclusions
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However, such a significant difference in the AM-08 phenotype compare with other samples
still suggests the possibility of generation some genetic changes in the introduction
population. Perhaps they are associated with hybridization or with accumulation of phenetic
micromutations, which are not uncommon in botanical gardens, where samples of different
geographical origin are cultivated close to each other. In the future, we propose to study the
nature of these differences by molecular genetic methods.

Conclusions

Morphology characteristics of pollen grains of any genotypes and cultivars are important for
breeding programmes and the studing of germplasm. Thus, the detailed pollen morphological
and micro-sculptural characteristics of 9 phenotypes was investigated by using scanning
electron microscopy. The analysis of morphological characteristics of pollen showed significant
differences among Aronia mitschurinii phenotypes concerning the dimensions of pollen grain
(length, width, and their ratio). Some of the pollen morphological parameters analysed be
used for identification of Aronia mitschurinii phenotypes.
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The aim of this work was to detect genetic variability among the set of 20 Tunisian castor genotypes
using 5 RAPD markers. Amplification of genomic DNA of 20 genotypes, using RAPD analysis, yielded
42 fragments, with an average of 7.00 polymorphic fragments per primer. Number of amplified
fragments ranged from 5 to 9, with the size of amplicons ranging from 200 to 1400 bp. The polymorphic
information content (PIC) value ranged from 0.662 to 0.855 with an average of 0.780 and diversity index
(DI) value ranged from 0.669 to 0.857 with an average of 0.785. The dendrogram based on hierarchical
cluster analysis using UPGMA algorithm was prepared. Knowledge on the genetic diversity of castor can
be used for future breeding programs for increased oil production to meet the ever increasing demand
of castor oil for industrial uses as well as for biodiesel production.

Keywords: Castor, Genetic diversity, Molecular markers, RAPD technique

Introduction

Castor (Ricinus communis L., 2n = 2x = 20, Euphorbiaceae), is industrially important non-edible
oilseed crop widely cultivated in the arid and semi-arid regions of the world (Govaerts et al.,
2000). The seed of castor contain more than 45% oil and this oil is rich (80-90%) in an unusual
hydroxyl fatty acid, ricinoleic acid (Jeong and Park, 2009). Castor oil is the only vegetable
oil soluble in alcohol, presenting high viscosity, and requiring less heating than others oils
during the production of biodiesel (Jeong and Park, 2009). Due to its unique chemical and
physical properties, the oil from castor seed is used as raw material for numerous and varied
industrial applications, such as: manufacture of polymers, coatings, lubricants for aircrafts,
cosmetics, etc., and for the production of biodiesel (Jeong and Park, 2009). With more than
95% of the world's castor production concentrated in limited parts of India, China, and Brazil
(Sailaja et al., 2008), and because of the ever increasing world-wide demand of castor for
industrial use, there is a pressing need to increase the hectarage and productivity of castor.
Castor is a cross pollinated crop and is usually cultivated as a hybrid in India, as hybrids give
significantly greater yields than pure lines or varieties (Birchler et al., 2003; Reif et al., 2007).
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Higher magnitude of heterosis and genetically superior hybrids can be obtained by combining
diverse parents in hybrid development. Conventional diversity analysis methods, in the field,
are time consuming, laborious, resource intensive and drastically affected by environmental
factors, therefore, a technique that is rapid and not affected by environment is needed for
assessment of genetic diversity and selection of parental lines for use in hybrid development
programmes (Santalla et al., 1998). Genetic diversity assessment prior to developing hybrids
can aid in better exploitation of heterosis. Assessment of genetic variation using molecular
markers appears to be an attractive alternative to the conventional diversity analyses and
can also aid in management and conservation of biodiversity. A large number of polymorphic
markers are required to measure genetic relationships and genetic diversity in a reliable
manner (Santalla et al., 1998).

The aim of this study was to detect genetic variability among the set of 20 Tunisian castor
genotypes using 5 RAPD markers.

Material and methodology

Plant material and DNA extraction

Ricin lines (20) were obtained from the University of Carthage, National Institute of Research
in Rural Engineering, Waters and Forests (INRGREF), Regional Station of Gabes, Tunisia.
DNA of 20 genotypes of castor was extracted from 10 day old leaves using the Gene JET Plant
Genomic DNA Purification Mini Kit.

RAPD amplification

Amplification of RAPD fragments was performed according to Gajeraa et al. (2010) (Table 1)
usingdecamerarbitrary primers (Operontechnologies Inc, USA; SIGMA-D, USA). Amplifications
were performed in a 25 pl reaction volume containing 5 ul DNA (100 ng), 12.5 pul Master
Mix (Genei, Bangalore, India), and 1 pl of 10 pmol of primer. Amplification was performed in
a programmed thermocycler (Biometra, Germany) with initial denaturation at 94 °C for 5 min,
42 cycles of denaturation at 94 °C for 1 min, primer annealing at 38 °C for 1 min, extension at
72 °C for 1 min, and final extension at 72 °C for 5 min. Amplified products were separated in
1.5% agarose in 1x TBE buffer. The gels were stained with ethidium bromide and documented
using gel documentation system Grab-It 1D pre Windows.

Table1  List of RAPD primers

RAPD primers Primer sequence (5-3) Molecular weight range (bp)
OPA-03 AGTCAGCCAC 330-870
OPA-13 CAGCACCCAC 370-1800
OPB-08 GTCCACACGG 530-1550
OPD-02 GGACCCAACC 280-1850
SIGMA-D-14 TCTCGCTCCA 350-900
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Data analysis

The RAPD bands were scored as present (1) or absent (0), each of which was treated as
an independent character regardless of its intensity. A dendrogram based on hierarchical
cluster analysis using the unweighted pair group method with arithmetic average (UPGMA)
with the SPSS professional statistics version 17 software package was constructed. For the
assessment of the polymorphism between genotypes ricin and usability RAPD markers in their
differentiation we used diversity index (DI), the probability of identity (PI) and polymorphic
information content (PIC).

Results and discussion

PCR amplifications using 5 RAPD primers produced 42 DNA fragments that could be scored in
all genotypes. The selected primers amplified DNA fragments across the 20 genotypes studied,
with the number of amplified fragments varying from 5 (OPD-02) to 9 (OPB-08), and the
amplicon size varying from 200 to 1400 bp. Of the 42 amplified bands, all 42 were polymorphic,
with an average of 7.00 polymorphic bands per primer. The polymorphic information content
(PIC) value varied from 0.662 (OPD-02) to 0.855 (OPB-08), with an average of 0.780 and index
diversity (DI) value varied from 0.669 (OPD-02) to 0.857 (OPB-08) with an average of 0.785
(Table 2). A dendrogram based on UPGMA analysis separated 20 Tunisian castor genotypes into
three groups. First cluster contained 5 genotypes from the region Souassi (S-1 - S-5). Second
cluster of 13 ricin genotypes (2) was divided into two main clusters (2a and 2b). Main cluster
2a was divided into subclaster 2aa and 2bb. Subclaster 2aa contained four genotypes from the
region Bouthay (BT-1, BT-2, BT-3, BT-5) and one genotypes from the region Matmata (MT-1).
Subcluster 2ab contained 3 Tunisian ricin genotypes from the region Ghomrassen (GH-2, GH-4,
GH-5). Main cluster 2b contained 2 ricin genotypes from the region Ghomrassen (GH-1 and
GH-3) and 3 genotypes from the region Sidi bou ali (BA-2, BA-3, BA-4). Third cluster contained
2 ricin genotypes from the region Sidi bou ali (BA-1 and BA-5). We could not distinguish two
genotypes, S-4 and S-5, which can be caused due the same genetic background (Figure 1).

Table 2 The statistical characteristics of the RAPD markers used in castor

Primers Number of alleles DI PIC PI

OPA-03 8 0,778 0,776 0,016
OPA-13 7 0,805 0,794 0,010
OPB-08 9 0,857 0,855 0,009
OPD-02 5 0,669 0,662 0,071
SIGMA-D-04 6 0,817 0,811 0,019
Average 7,00 0,785 0,780 0,025

Note: DI - diversity index; PIC - polymorphic information content; PI - probability of identity.

Gajeraa et al. (2010) used 30 RAPD polymorphic primers for the analysis of 22 castor bean
genotypes. RAPD analysis yielded 256 fragments, of which 205 were polymorphic, with an
average of 6.83 polymorphic fragments per primer. Genetic diversity of 37 ricin genotypes
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grown in China using RAPD markers was studied by Li et al. (2012). Using RAPD markers,
together they detected 122 alleles, of which 71 were polymorphic, representing the percentage
of polymorphism alleles 58.20%. In the study Machado et al. (2013) used 58 RAPD primers
for the analysis of 15 castor bean cultivars. The genetic dissimilarity between cultivars was
calculated by Jaccard’s index, using the unweighted pair-group method with arithmetic mean
(UPGMA). Pecina-Quintero et al. (2013) study the diversity and genetic relationships among
accessions of R. communis from the state of Chiapas, México using AFLP (amplified fragment
length polymorphism) and SSR (simple sequence repeat) markers. Tomar Rukam et al. (2014)
investigated the fingerprinting and phenotyping of 25 castor genotypes available in Gujarat
and other States of India using RAPD and ISSR markers. One hundred thirty decamer RAPD
primers from Operon series (OPA to OPZ - five from each series) were screened with the
DNA of the 2 castor genotypes. Some researchers have considered RAPD markers to represent
segments of DNA with noncoding regions and to be selectively neutral (Landergottetal,, 2001),
and some studies have shown that RAPD markers are distributed throughout the genome and
may be associated with functionally important loci (Penner, 1996).

Genotypes
BA-1 ———————— === ——— t——m e +3
BA-5 - === ——— + |
BA-3 ————————————————— o= + 2b |
BA-2 ——=——————————————— + to———- +
BA-4 — ==~ ——— +-——+ | |
GH-1 ———————— = ——— + - + (.
GH-3 - ————————— = ——— + | =+2
GH-5 —-—-====—————————————————————— t-—————— + 2ab (|
GH-2 ————— + +———+ [
GH-4 —-—————————— == mm————————— + | |
BT-1 ——————mmmmm e + ===t |
BT-3 —-—————————— === —————— t—————— + | 2a |
e + +-——+ |
BT-2 ——=————————— - mm————— t-—————- + 2aa |
BT-5 ————————————— = ——— + |
S-5 —4-—--———————==== + |
S-4 -+ o + |
S-2 - + +——— +1
S=3 —mmmm e Fomm +
S=1 ——mmm e +

Figure 1;Dendrogram of 20 Tunisian castor genotypes prepared based on 5 RAPD markers. Regions of
origin of analyzed genotypes of Tunisian ricin: S - Souassi; BT - Bouthay; GH - Ghomrassen;
BA - Sidi bou ali; MT - Matmata

Conclusions

The analysis showed that the RAPD markers are very effective molecular markers for the
assessment of the genetic diversity in castor bean. A dendrogram based on UPGMA analysis
separated 20 Tunisian castor genotypes into three groups. Using 5 RAPD markers only two
castor bean genotypes have not been distinguished. Our analysis proved utilization of RAPD
markers for differentiation of used set of castor genotypes. For better discrimination of the
analyzed ricin genotypes, it is necessary to use a higher number of RAPD markers.
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The paper is devoted to the study of the allelopathic and biochemical characteristics of the root
environment of Asimina triloba (L.) Dunal (pawpaw) introduced from North America to M.M. Gryshko
National Botanical Garden of NAS of Ukraine. The plants were divided into the following age groups:
a) young plants (2-4 years old), b) plants of the middle age (5-7 years old), c) the old plants (14-16
years old) and d) the oldest plants (over 22 years old). Allelopathic and biochemical analyses were
conducted in dynamics on phases of plant development during flowering, fruitage and the end of the
growing season. Rhizosphere soil samples were collected at 0-20 cm layer. The fallow soil was used as
a control. The presence of allelochemicals in root environment of A. triloba by modified Neubauer and
Schneider method was established. As a result, the inhibition of the growth processes and accumulation
of dry matter in the roots and shoots of acceptor plants with an increase in the age of pawpaw was
observed. Biochemical state of the root environment was assessed by redox potential (Eh) values. The
redox status varied from weakly to highly reducing soil conditions during the growing season. The
lowest soil Eh level for the oldest plants was determined. The predominance of reduction processes in
the rhizosphere soil of A. triloba indicates the accumulation of mobile organic compounds, which can
function as allelochemicals. The content of phenolic compounds in the rhizosphere soil of A. triloba was
1.3-3.0 times higher than control. The concentration of phenolic allelochemicals increased with the
age of plants, and also at the end of the growing season. Thus, A. triloba forms a powerful allelopathic
regime of the root environment, which is due to the accumulation of free organic compounds, mainly
phenolic nature.

Keywords: Asimina triloba, root environment, allelochemicals, phenolic compounds, redox potential

Introduction

Recently, in Ukraine, great attention is paid to the introduction of new and non-traditional
plants into culture both for preserving biodiversity and for obtaining stable yields of high-
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quality production as a natural source of bioactive agents. Asimina triloba (L.) Dunal (pawpaw)
is a promising new ornamental and fruit crop for dissemination on Ukraine territory, including
botanical gardens, arboretums, farms, etc. Pawpaw is rich in various bioactive compounds,
due to which it possesses valuable nutritional, antioxidant, insecticidal, medicinal, including
anti-tumoral, properties, as well as high adaptive potential to adverse environmental factors
(Cuendet et al., 2008; Farag, 2009; Pande and Akoh, 2010; Sedlacek et al., 2010; Ferreira et
al, 2011; Brannan et al,, 2015; Ortutu et al,, 2015; Koul, 2016; Levon and Klymenko, 2016;
Mangal et al., 2016; Avula et al., 2018; Nam et al,, 2018a).

A. triloba belongs to the mainly tropical and subtropical family Annonaceae Juss. A. triloba
is a native North American species. Pawpaw is widespread in the eastern United States,
ranging from New York, and southern Michigan on the north, south to northern Florida, and
west to eastern Texas, Nebraska, and Kansas; it is also present in Ontario, Canada (Hormaza,
2014). A. triloba is widely cultivated in Korea for its different parts, which contain inhibitors
of cancer cells and antioxidant compounds (Nam et al,, 2017; Nam et al.,, 2018a, b). The
prerequisites for the successful introduction of new species are not only their adaptability
and bioecological characteristics, but also to a large extent understanding the risks associated
with allelopathic effects both in relation to other species and in monoculture (Zaimenko et al.,
2017). One of the negative consequences of introduction may be the aggressive invasion of
new species into natural areas. Therefore, the study of the allelopathic potential of new and
non-traditional plants is actual and necessary both from a scientific and a practical standpoint.
The allelopathic interactions of invasive shrub Lonicera maackii in comparison with native
species A. triloba were investigated (McEwan et al., 2010). The morphometric parameters
of introduced pawpaw seedlings in combination with various groups of ornamental species
commonly used in Romania were studied (Szilagyi and Marian, 2011).

In view of the above mentioned, the purpose of the work was to analyse the allelopathic and
biochemical characteristics of the root environment of Asimina triloba as a new fruit crop for
Ukrainian horticulture.

Material and methodology

Plant material and soil source

The object of research was the root environment of Asimina triloba from orchard plots of M.M.
Gryshko National Botanical Garden of Ukraine National Academy of Sciences. Plants were
divided into the following age groups: a) young plants (2-4 years old), b) plants of the middle
age (5-7 years old), c) the old plants (14-16 years old) and d) the oldest plants (over 22 years
old). Rhizosphere soil samples were collected at 0-20 cm layer. The fallow soil was used as
a control. The soil is dark grey podzolized.

Allelopathic and biochemical analyzes were conducted in dynamics on phases of plant
development during flowering (I), fruitage (II) and the end of the growing season (III).
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Allelopathic activity

Allelopathic activity of the soil was studied by modified Neubauer and Schneider method
(Black, 1993). Winter wheat (Triticum aestivum L., Poliska 90 cultivar) was used as the test
plant.

Biochemical analyses

The redox potential (Eh) was measured in soil suspension modelling soil solution at the soil
to distilled water ratio as 1 : 1 by potentiometric technique (Labuda and Vetchinnikov, 2011;
Fiedler et al., 2007). Phenolic compounds were extracted from the soil by desorption method
using an ion exchanger KU-2-8 (H*) (Pavliuchenko et al., 2014).

Data analysis

Experimental data were statistically analyzed using the software package Microsoft Excel.

Results and discussion

The presence of allelochemicals in the root environment of A. triloba was established. As
a result, the inhibition of the growth processes and accumulation of dry matter in the roots
and shoots of acceptor plants (Triticum aestivum) with an increase in the age of pawpaw was
observed. The allelopathic activity of the root environment was the largest at the end of the
growing season (Figure 1, 2). It should be noted that the rhizosphere soil of young pawpaw
plants caused an insignificant allelopathic effect on test plants throughout the growing season.

Figure 1 Allelopathic activity of root environment of Asimina triloba (test plant - Triticum aestivum):

1 - control; 2 - young plants; 3 - plants of the middle age; 4 - the old plants; 5 - the oldest
plants
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Figure 2 Allelopathic activity of root environment of Asimina triloba (test plant - Triticum
aestivum),% control: a - young plants; b - plants of the middle age; c - the old plants; d - the
oldest plants

Biochemical state of the root environment was assessed by redox potential (Eh) values.
Redox potential is a measure of the ratio of oxidized to reduced forms in a solution (Tokarz
and Urban, 2015). Oxidation-reduction (redox) reactions in soils are mainly controlled by
microbial activity, the presence of oxygen and carbon supplies (Fiedler etal., 2007; Tokarz and
Urban, 2015). Eh varies depending on many factors, such as temperature, humidity, aeration,
the content of organic matter, soil horizon (Husson, 2013). Plants can significantly influence
Eh in the soil environment through root exudates (Husson, 2013). The redox potential is used
as an indicator of the oxygenation status and the content of biogenic forms and toxins in the
soil environment (Tokarz and Urban, 2015). Therefore, Eh fluctuations are important for the
detection of phytotoxic allelochemicals in the root environment.

Weakly and moderately reducing conditions prevailed in the root environment of young
plants, the middle age and the old plants of A. triloba. The lowest soil Eh values for the oldest
plants were established. In this case, the redox status varied from moderately to highly
reducing soil conditions during the growing season. The predominance of reduction processes
(Eh <400 mV) in the rhizosphere soil of A. triloba indicates the accumulation of mobile organic
compounds, which can function as allelochemicals.

Phenolic compounds are the most important and common plant allelochemicals in the
ecosystems, as well as precursors of humic substances in soils (Macias et al., 2004; Li et al,,
2010). The pawpaw different tissues are rich natural source of phenolic acids and flavonoids
such as gallic acid, epigallocatechin, catechin, chlorogenic acid, caffeic acid, ellagic acid,
epicatechin, epigallocatechin gallate, p-coumaric acid, gallocatechin gallate, ferulic acid,
epicatechin gallate, rutin, catechin gallate, naringin,and quercetin (Pande and Akoh, 2010;
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Brannan et al.,, 2015; Ortutu et al., 2015; Levon and Klymenko, 2016; Nam et al., 2017).
These phenolic compounds may be released to the root environment from A. triloba different
parts by means of root exudation, leaching and decay of plant residues in soil. Therefore, the
next stage of our research was to determine the content of phenolic compounds in the root
environment of pawpaw. The content of phenolic allelochemicals in the rhizosphere soil of
A. triloba was 1.3-3.0 times higher than control (Figure 3). The concentration of phenolic
compounds increased with the age of plants, and also at the end of the growing season.

200 1 @a ®b wc md e

160

mg/kg

120

80

40

I I I
Sampling time

Figure 3 Phenolic compounds content in soil under Asimina triloba, mgkg™: a - young plants; b - plants
of the middle age; c - the old plants; d - the oldest plants; e - control

Conclusions

Thus, Asimina triloba forms a powerful allelopathic regime of the root environment, which
is due to the accumulation of free organic compounds, mainly phenolic nature. Long-term
cultivation of A. triloba enhances the intensity of soil reduction processes and its allelopathic
effect on the root environment, which leads to an increase in phytotoxicity.
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In this study, we continued our investigations concerning the interaction of leaf extracts obtained from
various Sansevieria species with the equine erythrocytes. The purpose of the present study was to
compare the in vitro effect of buffer extracts obtained from leaves of various species from Sansevieria
genus against lipid peroxidation in equine erythrocytes. The succulent leaves of living Sansevieria
plants were sampled for the study. The results of the study showed that the leaves of S. francisii and
S. forskaliana led to a non-significantly decrease of 2-thiobarbituric acid reactive substances (TBARS)
concentration in erythrocytes. However, S. hyacinthoides and S. cylindrica had a significant increase of
TBARS level in the extract-treated erythrocytes (by 29.7 and 21%, p <0.05, respectively). The outcome
of this study suggests that Sansevieria species has a promising antioxidant and prooxidant potential.
Further studies involving bioassay-guided identification of the main compounds in plants is necessary
to affirm and maximize the possible use of the plant as a therapeutic remedy for prevention of lipid
peroxidation in erythrocytes. The antioxidative and prooxidative mechanism of various Sansevieria
species in equine erythrocyte suspension will be further studied in detail. The obtained information
may be useful in the clinical usage of plants in medicine and veterinary.

Keywords: Sansevieria Thunb., extracts, 2-thiobarbituric acid reactive substances (TBARS), equine
erythrocytes

Introduction

Recently, tropical and subtropical plants containing antioxidants have become an area of
scientific research because they have greater health benefits with various pharmacological
activities. Sansevieria Thunb., a genus with diverse ethnobotanical uses in its geographical
distribution range, has occupied an important place among plant genera applied for treatment
ofabroad spectrum of diseases and disorders (Khalumba etal., 2005; Staples and Herbst, 2005;

*Corresponding author: Halyna Tkachenko, Institute of Biology and Environmental Protection,
Pomeranian University in Stupsk, Arciszewski Str. 22b, 76-200 Stupsk, Poland;
> tkachenko@apsl.edu.pl

CCBY-NC-ND 4.0 - 69 -


mailto:tkachenko%40apsl.edu.pl?subject=

Tkachenko, H., Buyun, L., Maryniuk, M., Osadowski, Z.
Agr.bio.div. Impr. Nut., Health Life Qual., 2018, 69-81

Takawira-Nyenya et al., 2014). The use of these plants in folk medicinal remedies for treating
various health problems has been reported. These plants have been tested in the treatment
of hemorrhoids, pain, smallpox, chicken-pox, and measles, venereal diseases, malnutrition,
paralysis, epilepsy, convulsions, and spasm, pulmonary troubles, and a vermifuge, as well
as a remedy for parasitic infections. In studies carried out in Nakuru and Maragua districts
of Kenya by Khalumba et al. (2005), they identified five use categories of Sansevieria plants,
namely medicine (33% of the reports), fibers (24%), soil conservation (22%), fodder (18%),
and other uses (14%) for four species, Sansevieria ehrenbergii Schweinf. ex BakerS. parva
N.E.Br, S. raffillii N.E. Br,, and S. suffruticosa N.E. Br. Chhabra et al. (1987) mentioned the use
of S. bagamoyensis N.E.Br. for the treatment of convulsive fever in Tanzania. Watt and Breyer-
Brandwijk (1962) listed the use of S. hyacinthoides (L.) Druce in the treatment of a toothache
and earache and the use of the rhizome decoction of S. kirkii as a purgative both reported from
East Africa. Yet, Kiringe (2006) reported on the use of S. volkensii Glirke for the treatment
of sexually transmitted diseases such as gonorrhea. In Kenya, Owuor and Kisangau (2006)
included the use of S. parva leaf sap for treatment of snake bite wounds and S. kirkii Baker
extracts for treatment of snake bite wounds. The ethanol and water extracts of S. trifasciata
Prain leaves showed a dose-dependent and significant increase in pain threshold and possess
mild analgesic properties (Anbu et al., 2009). This seems to provide a rationale for the use of
this plantin fever and inflammatory disorders. In Africa, the plantis used as a protective charm
against evil or bewitchment (Stafford et al., 2008). The use of the plant in folk medicine for
the treatment of different ailments such as ear-ache, ulcer, jaundice, pharyngitis, skin itches,
urinary diseases, analgesic and antipyretic is well known (Ighodaro et al., 2017). Moreover,
the aqueous root extract of S. liberica Gerome and Labroy is used in African folklore medicine
for ailments including chronic pain, inflammatory conditions, and convulsive disorders
(Amida et al., 2007). The root part of S. liberica is used in ethnomedicine in the treatment
of fever, headache and cold, as well as analgesic, antibiotic and anti-inflammatory (Watt and
Breyer-Brandwijk, 1962). Preparations of the S. liberica are commonly used across Nigeria
for the treatment of inflammatory conditions (Akindele et al., 2015). Nevertheless, in spite of
these data, Takawira-Nyenya et al. (2014) reported that the documentation of ethnobotanical
uses of genus Sansevieria is incomplete.

Hence, it has been demonstrated that Sansevieria spp. plant biomaterial is a superior
biosorbent for trimethylamine (TMA) removal. Both living and non-living Sansevieria spp.
can be effectively used for removal of trimethylamine (TMA). Boraphech et al. (2016) have
studied cleanup of trimethylamine (fishy odor) from the contaminated air by various species
of Sansevieria spp. and their leaf materials. The results showed that living S. kirkii plant was
the most effective while S. masoniana was the least effective in TMA removal. Two major
pathways were involved in stomata opening and epicuticular wax on the leaf surface. In the
presence of TMA, the stomata opening in Sansevieria spp. was induced, which enhanced
TMA removal under light conditions (Boraphech et al., 2016). Boraphech and Thiravetyan
(2015) have investigated the possible mechanisms of trimethylamine (TMA) degradation and
mineralization by highly efficient C3 and crassulacean acid metabolism (CAM) plants. From
screening 23 plant species, Pterocarpus indicus (C3) and S. trifasciata (CAM metabolism) were
the most effective in polar gaseous trimethylamine uptake, reaching up to 90% uptake of initial
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TMA (100 ppm) within 8 h, and could remove TMA at cycles 1-4 without affecting photosystem
I1 (PSII) photochemistry. Up to 55 and 45% of TMA was taken up by S. trifasciata stomata and
leaf epicuticular wax, respectively. During cycles 1-4, interestingly, S. trifasciata changed its
stomata apertures, which was directly induced by gaseous TMA and light treatments. Fatty
acids, particularly tetradecanoic (C14) acid and octadecanoic (C18) acid, were found to be the
main cuticular wax components in both plants and were associated with TMA removal ability.
Moreover, the plants could degrade TMA via multiple metabolic pathways associated with
carbon/nitrogen interactions (Boraphech and Thiravetyan, 2015).

In our previous study (Buyun et al, 2016; Tkachenko et al,, 2017), we have evaluated the
antibacterial capacity of ten species of Sansevieria genus against Staphylococcus aureus and
Escherichia coli in order to validate scientifically the inhibitory activity for microbial growth
attributed by their popular use and to propose new sources of antimicrobial agents (Buyun et
al.,, 2016; Tkachenko et al., 2017). Although antimicrobial activities of extracts obtained from
leaves of various species of Sansevieria genus were investigated (Buyun et al., 2016, 2017;
Tkachenko et al., 2016, 2017), no previous works have demonstrated their protective effects
against lipid peroxidation. Therefore, the aim of this study was to evaluate the in vitro effect
of buffer extracts obtained from the leaves of various species from Sansevieria genus against
lipid peroxidation in equine erythrocytes. Erythrocytes are the most common type of blood
cells and are the vertebrate body’s principal means of delivering oxygen from the lungs or gills
to body tissues via the blood (Pandey, Rizvi, 2010). Red blood cell along with its membrane
has always been an important medium for the study due to the important role it plays in
varied physiological and metabolic processes (Jha et al., 2009; Karabulut et al., 2009; Pandey
etal, 2009).

Erythrocytes are especially vulnerable since they have no membrane repair and regenerative
capacity (Webster and Toothill, 1987) and red cell damages by free radicals would probably
be associated with hemolysis (Szweda-Lewandowska et al., 2003).

The erythrocytes of mammals representa good model to evaluate the cytotoxicity of molecules,
organic and inorganic, natural or synthetic, by cellular damage measure (Pagano and Faggio,
2015). The erythrocyte could be isolated and handled easily so that they could provide a good
model for many assays (Alagawany et al., 2016; Farag and Alagawany, 2018). Additionally, the
high concentration of polyunsaturated fatty acids in RBCs membrane, the high oxygen tension,
and redox active hemoglobin molecules [the source of reactive oxygen species in erythrocyte]
make them a good biological lipid membrane model especially for screening the oxidative
stress conditions induced by various substances (Farag and Alagawany, 2018).

Our present study is in agreement with results obtained in our previous study including
assessment of antioxidant activity of extracts obtained from leaves of selected species
from Sansevieria species (Tkachenko et al., 2017). When erythrocytes were incubated with
leaf extracts of various species from Sansevieria genus, the aldehydic derivatives level was
significantly reduced by 13.6% (p <0.05) for S. forskaliana extract. Moreover, all extracts (except
S. francisii extract) reduced the formation of intracellular aldehydic derivatives of oxidatively
modified proteins (OMP) in the extracts-treated erythrocytes, but these results were non-
significant. Treatment by extracts of various Sansevieria species reduced the concentration of
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ketonic derivatives of OMP when compared to untreated erythrocytes. The most potent effect
was demonstrated by the S. canaliculata, S. forskaliana, S. aethiopica, S. cylindrica, S. metallica,
S. hyacinthoides, and S. kirkii compared to control samples (phosphate buffer) (16.1, 14.7,
13.4, 12.9, 12.9, 12.7, 12.1%, respectively). However, there were no significant changes in
other extracts. The experimental evidence obtained in our previous study indicated that
various species of Sansevieria genus are a rich source of compounds that manifest antioxidant
activity and can effectively protect erythrocytes against oxidative-induced damage. Thus,
S. canaliculata, S. forskaliana, S. aethiopica, S. cylindrica, S. metallica, S. hyacinthoides, and
S. kirkii may be a valuable source of natural antioxidants that may potentially be recommended
for applications in medicine and veterinary practice. According to the above-mentioned
antioxidant mechanisms, extracts of various species from Sansevieria genus may inhibit the
formation of protein carbonyl by scavenging free radicals formed in vitro. According to many
supporting documents, it can be assumed that secondary plant metabolites, i.e. polyphenolic
compounds in extracts of various species from Sansevieria genus extract may contribute to
the antioxidant activity (Tkachenko et al., 2017).

The main purpose of our present study was to evaluate the level of 2-thiobarbituric acid
reactive substances (TBARS) as biomarkers of lipid peroxidation in equine erythrocyte
suspension induced by treatment of leaf extracts obtained from various species of Sansevieria
genus.

Material and methodology

Collection of plant material

The leaves of Sansevieria plants, cultivated under glasshouse conditions, were sampled
at M.M. Gryshko National Botanic Garden (NBG), National Academy of Science of Ukraine.
Specifically, the leaves of Sansevieria francisii Chahin, S. caulescens N.E.Br, S. suffruticosa
N.E.Br, S. roxburghiana Schult. & Schult.f,, S. metallica Gérdme & Labroy, S. gracilis N.E.Br.,
S. hyacinthoides (L.) Druce, S. cylindrica Bojer ex Hook., S. canaliculata Carriere, S. aethiopica
Thunb., S. kirkii Baker, S. trifasciata Prain, S. forskaliana (Schult. & Schult.f.) Hepper &
J.RILWood, S. fischeri (Baker) Marais, S. dooneri N.E.Br,, S. intermedia N.E.Br, S. parva N.E.Br.
were sampled for the study. Various databases available for searching collections of living
plants, e.g. World Checklist of Selected Plant Families (WCSP, 2018), International Plant Names
Index, The Plant List, have been used for the taxonomic identity of plants screened.

Preparation of plant extracts

Freshly collected leaves were washed, weighted, crushed, and homogenized in 0.1M phosphate
buffer (pH 7.4) (in proportion 1 : 19, w/w) at room temperature. The extracts were then
filtered and investigated for their antioxidant activity. All extracts were stored at -20 °C until
use.

Horses

Eighteen healthy adult horses from central Pomeranian region in Poland (village
Strzelinko, N 542 30’ 48.0” E 162 57’ 44.9”), aged 8.9 1.3 years old, including 6 Hucul pony,
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5 Thoroughbred horses, 2 Anglo-Arabian horses and 5 horses of unknown breed, were used
in this study. All horses participated in recreational horseback riding. Horses were housed in
individual boxes, with feeding (hay and oat) provided twice a day, at 08.00 and 18.00 h, and
water available ad libitum. All horses were thoroughly examined clinically and screened for
hematological, biochemical and vital parameters, which were within reference ranges. The
females were non-pregnant.

Collection of blood samples

Blood samples were taken simultaneously in all horses from the jugular vein in the morning,
90 minutes after feeding, while the horses were in the stables (between 8:30 and 10 AM).
Whole blood was stored in sterile tubes with sodium citrate as the anticoagulant and held
on the ice until centrifugation at 3000 rpm for 5 min at 4 °C using a refrigerated centrifuge
to remove plasma. The separated erythrocytes were washed three times in 4 mM phosphate
buffer saline (PBS), pH 7.4. After centrifugation, the supernatant and the buffy coat were
carefully removed with each wash. Washed erythrocytes were finally re-suspended to the
desired hematocrit level in 4 mM PBS. The erythrocytes were stored at 4 °C and used within
2 h of sample preparation. A volume of 0.1 mL of the various extracts was added to 1.9 mL of
clean equine erythrocyte suspension. For positive control, PBS was used. After incubation the
mixture at 37 °C for 60 min with continuous stirring, it was centrifuged at 3000 rpm for 5 min.
Erythrocytes aliquots were used in the study.

Quantitative estimation of lipid peroxidation by determination of the 2-thiobarbituric
acid reactive substances (TBARS)

The most important product of lipid peroxidation reacting with thiobarbituric acid (TBA) is
malondialdehyde (MDA) (Lykkesfeldt,2007). Therefore, the lipid peroxidation was determined
by quantifying the concentration of TBARS by Kamyshnikov (2004) for determining the
malonic dialdehyde (MDA) concentration. Briefly, 0.1 mL of erythrocyte suspension was
added to 1 mL of 20% of trichloroacetic acid (TCA) and 1 mL of 0.8% of 2-thiobarbituric acid
(TBA). The mixture was heated in a boiling water bath for 10 min. After cooling, the mixture
was centrifuged at 3000 g for 10 min. The absorbance of the supernatant was measured at
540 nm. The concentration of MDA (umol per mL) was calculated using 1.56 10° mM ™ cm™ as
the extinction coefficient.

Statistical analysis

The mean # the standard error of the mean (S.E.M.) values were calculated for each group to
determine the significance of the intergroup difference. All variables were tested for normal
distribution using the Kolmogorov-Smirnov and Lilliefors test (p >0.05). In order to find
significant differences (significance level, p <0.05) between groups, the Kruskal-Wallis test
by ranks was applied to the data (Zar, 1999). All statistical analyses were performed using
Statistica 8.0 software (StatSoft, Krakow, Poland).
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Results and discussion

Figure 1 illustrates the level of 2-thiobarbituric acid reactive substances (TBARS) in equine
erythrocyte suspension induced by treatment of leaf extracts obtained from various species of
Sansevieria genus as compared with treatment by phosphate buffer (control).

S. parva TBARS
S. gracilis

S. intermedia
S. dooneri

S. fischeri

S. forskaliana
S. trifasciata
S. kirkii

S. aethiopica
S. canaliculata
S. cylindrica 46.54 *
S. hyacinthoides
S. metallica

S. roxburghiana
S. suffruticosa

S. caulescens

S. francisii
Control umol MDA-L
28,0 33,0 38,0 43,0 48,0 53,0
Figure 1 The level of 2-thiobarbituric acid reactive substances (TBARS) in equine erythrocyte suspension

induced by treatment of leaf extracts obtained from various species of Sansevieria genus as
compared with treatment by phosphate buffer (control). The data were presented as The
mean * the standard error of the mean (S.E.M.) and analyzed using one-way analysis on ranks
(ANOVA) using Kruskal-Wallis test by ranks

* P value <0.05 was considered as significant (n = 18)

According to the results from the protective effect of extracts obtained from leaves of selected
Sansevieria species, the incubation time of 1 h was chosen for assessing the concentration of
TBARS in erythrocyte suspension. At 1 h of incubation, the TBARS concentration of untreated
erythrocytes was 35.88 £3.02 umol/L. The results indicated that extracts of S. francisii and
S. forskaliana led to a decrease of TBARS concentration in erythrocytes (by 16.9 and 8.4%,
p >0.05, respectively). These changes were statistically non-significant (p >0.05). When
erythrocytes were incubated with S. aethiopica, S. caulescens, S. roxburghiana, S. gracilis, the
TBARS level was similar to that of the untreated erythrocytes. In the meantime, the treatment
of S. canaliculata, S. suffruticosa, S. metallica, S. fischeri, S. dooneri, S. trifasciata, S. parva,
S. intermedia, and S. kirkii non-significantly increase the formation of intracellular TBARS in the
extract-treated erythrocytes by approximately 7-20%, respectively. However, S. hyacinthoides
and S. cylindrica had a significant increase of TBARS level in the extract-treated erythrocytes
(by 29.7 and 21%, p <0.05, respectively) (Figure 1).
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In this study, S. hyacinthoides and S. cylindrica caused a significant increase of TBARS level
in the extract-treated erythrocytes (Figure 1). Despite the medicinal relevance of plants, our
studies have suggested that these plants are potentially pro-oxidant in dose studied (50 mg
per mL). The chemical compounds responsible for the toxic effects of plants are probably
produced as part of the plant’s defence mechanism against pest and herbivores or to gain
an advantage over competing for plants (Ighodaro et al., 2017). According to the results
obtained, we addressed the hypothesis that by-products in the extracts of various Sansevieria
species can be responsible for their prooxidant activity. Phytochemical screening of the plants
has shown the presence of carbohydrates, saponins, glycosides, flavonoids, steroids in the
leaves (Mimaki et al., 1996, 1997). The interest in possible health benefits of flavonoids has
increased owing to their potent antioxidant and free radical scavenging activities observed in
vitro. Nevertheless, the antioxidant efficacy of flavonoids in vivo is less documented and their
prooxidant properties have been actually described in vivo (Prochazkova et al., 2011). Studies
evidently indicate that natural antioxidants, including polyphenols, flavonoids, anthocyanins,
and carotenoids, can act as pro-oxidants, which produce reactive oxygen species and cause
oxidative stress (Eghbaliferiz and Iranshahi, 2016). Due to their prooxidant properties, they
are able to cause oxidative damage by reacting with various biomolecules, such as lipids,
proteins, and DNA (Prochazkova et al., 2011). The prooxidant activity is typically catalyzed
by metals, particularly transition metals such as Fe and Cu, present in biological systems
(Eghbaliferiz and Iranshahi, 2016).

In our previous study we have evaluated the lipid peroxidation biomarkers and total
antioxidant capacity in the muscle tissue of rainbow trout (Oncorhynchus mykiss Walbaum)
under incubation with extracts derived from the leaves of various Sansevieria species, aimed
at the further improving methods for preventing and treating fish diseases by increasing the
natural resistance of fish organism using antibacterial and antioxidant agents in aquaculture
(Maryniuk et al., 2017). The most potent antioxidant effect was demonstrated for the extracts
of S. caulescens, S. suffruticosa, S. hyacinthoides, S. canaliculata, S. aethiopica, S. gracilis, and
S. parva as compared to phosphate buffer control (46.6, 66.8, 77.3, 49.8, 71.1, 63.4, 39.4%,
respectively). The results showed that extracts of S. hyacinthoides and S. aethiopica efficiently
increased the total antioxidant capacity in rainbow trout muscle tissue (Maryniuk et al,,
2017). Among plant extracts screened for in vitro antioxidant properties in rainbow trout
muscle tissue, the strongest toxicity responses were exhibited by S. cylindrica, S. canaliculata,
S. trifasciata, S. metallica extracts (Maryniuk et al.,, 2017).

On the other hand, many studies clearly demonstrate that various plants of Sansevieria genus
are effective agents in the treatment and prevention of many diseases and disorders. For
instance, the results obtained in a study of Adeyemi et al. (2009) suggest that the aqueous root
extract of S. liberica possesses antidiarrhoeal property due to inhibition of gastrointestinal
propulsion and fluid secretion, possibly mediated through inhibition of the nitric oxide
pathway. This justifies the use of the plant extract for the treatment of diarrhea.

Moreover, Akindele et al. (2015) have evaluated the anticancer activity of root extracts of
S. liberica using a combination of in vitro and in vivo models. Sulforhodamine B (SRB) in vitro
cytotoxicity assay, Sarcoma-180 (S-180) ascites and solid tumor,and L1210 lymphoid leukemia
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in vivo models were used in their study. The hydroethanolic extract of the root of S. liberica
(SL-A002) was significantly active (IC,, <30 pg.mL™) against HeLa cancer cell line (Mothana
et al, 2009), the aqueous extract (SL-A003) against HCT-116, and the dichloromethane:
methanol (DCM : MeOH; 70 : 30) extract (SL-A004) against THP-1 and A549 human cancer cell
lines. Only SL-A002 showed significant activity in the Sarcoma-180 ascites model with peak
tumor growth inhibition of 89.36% produced at the dose of 120 mg.kg™ relative to 97.96% for
standard drug 5-FU at 20 mg.kg*. The hydroethanolic extract of S. liberica was subsequently
found to be active in the Sarcoma-180 solid tumor model eliciting 47.40% tumor growth
inhibition at the dose of 100 mg.kg! compared to 50.18% for standard drug 5-FU at the dose
of 20 mg.kg’. This extract was also found to be significantly active in the L1210 lymphoid
leukemia model (Akindele et al., 2015).

Amidaetal. (2007) have investigated the acute and subchronic toxicity patterns of the S. liberica.
Acute toxicity tests were carried out in mice, and the median lethal dose was estimated.
Subchronic (52 days) studies were conducted in rats with oral daily doses of 80, 400 and
2000 mgkg ™. Parameters observed for at the end of chronic tests included changes in body
and vital organ weights, mortality, hematological, biochemical, hepatic and male reproductive
effects. S. liberica did not produce any visible toxicities or mortality with oral doses up to
20 gkg! within 14 days of single treatment, but ip. administration caused mortalities
with LD50 of 668.3 +47.6 mgkg™. In the chronic tests, neither mortality nor visible signs
of lethality were seen in rats. No significant change in the weight of the kidney, liver, heart,
and spleen, but at 400 mg.kg™, a significant reduction in weight of the lungs was recorded.
Significant increases in the weight of testes, sperm count, and motility were produced. There
were no changes in the sperm head and tail abnormalities, but significant increases in the
percentage of normal sperm cells. Biochemical parameters like the aminotransferases
were not affected, but a significant increase in alkaline phosphatase and uric acid levels, at
2 gkg?, was detected. Significant increase and decrease in red blood cells and white blood
cells were recorded, respectively, but no changes in levels of platelet volume and hemoglobin
level. Results of Amida et al. (2007) indicated that the aqueous root extract of S. liberica shows
that it is relatively safe when given orally, and there is a pointer toward possible usefulness
to boost red blood cells and increase sperm quality, but findings indicate potential to affect
hepatic cells at high doses, when administered chronically (Amida et al., 2007).

The treatment with the plant extracts of the rhizomes of S. liberica protects the liver against
carbon tetrachloride-induced hepatotoxicity in Wistar albino rats (Ikewuchi et al., 2011). On
gas chromatographic analysis of the extract, twenty nine known flavonoids were detected,
consisting mainly of 31.94% apigenin, 20.66% quercetin, 11.28% kaempferol, 5.99%
naringenin, 5.83% (-)-epicatechin, 3.69% biochanin, 3.58% (+)-catechin, 2.72% daidzein,
2.20% ellagic acid, 2.04% butein. The extract showed very significant hepatoprotection
against carbon tetrachloride-induced hepatotoxicity in the rats, by reducing plasma total
bilirubin and protein, plasma alkaline phosphatase, alanine and aspartate transaminases
levels. The reduction towards the normal value, of the levels of these plasma indices of liver
integrity and function, is an indication of the ability of the extract to protect normal structural
and functional integrity of the poisoned liver, and also to protect against subsequent carbon
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tetrachloride hepatotoxicity, enabling regeneration process. A fact that was confirmed
by histopathological studies on liver sections: that revealed that the treated animals had
normal hepatic cells. This hepatoprotective activity may have been produced via inhibiting
lipid peroxidation by exerting a membrane-stabilizing action or inhibiting cytochrome P,
aromatase (Ikewuchi et al,, 2011).

The antioxidant and antiproliferative activities of S. roxburghiana methanol extract and its
fractions have been explored by Maheshwari et al. (2017). Anti-proliferative effect of the
extract and fractions were evaluated in HCT-116, HeLa, MCF-7, HepG2, and A-549 cancer
cell lines by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and
sulforhodamine B (SRB) assay methods. High-performance liquid chromatography (HPLC)
and high-performance thin layer chromatography (HPTLC) fingerprint profiling were carried
out for extract and different fractions. Significant antioxidant and anti-proliferate activity
were detected in ethyl acetate fraction. Ethyl acetate fraction showed prominent scavenging
activity in 1,1-diphenyl-2-picrylhydrazyl, 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt, and nitric oxide antioxidant assays with a concentration yielding 50%
inhibition (IC;). Cytotoxicity of ethyl acetate fraction of S. roxburghiana was the highestamong
other fractions against HCT-116, HeLa, and MCF-7cancer cell lines with IC, values, by MTT
and by SRB assay. The presence of gallic acid in the ethyl acetate fraction of S. roxburghiana
rhizomes was confirmed by HPLC and HPTLC analysis. Results of Maheshwari et al. (2017)
suggested that the ethyl acetate fraction of S. roxburghiana exhibited effective antioxidant and
antiproliferative activities. The phenolic compounds identified in ethyl acetate fraction could
be responsible for the activities (Maheshwari et al. 2017).

In a study by Bhattacharjee et al. (2017), the therapeutic potential of protocatechuic acid
isolated from the S. roxburghiana rhizomes against DC employing a rodent model of type
2 diabetes (T2D) was examined. T2D was induced by high-fat diet + a low-single dose of
streptozotocin (35 mgkg”, i.p.). T2D rats exhibited significantly (p <0.01) high fasting
blood glucose level. Alteration in serum lipid profile (p <0.01) and increased levels of lactate
dehydrogenase (p <0.01) and creatine kinase (p <0.01) in the sera of T2D rats revealed the
occurrence of hyperlipidemia and diabetic pathophysiology. A significantly (p <0.01) high
levels of serum C-reactive protein and pro-inflammatory mediators revealed the establishment
of inflammatory occurrence in T2D rats. Besides, significantly high levels of troponins in the
sera revealed the establishment of cardiac dysfunctions in T2D rats. However, protocatechuic
acid (50 and 100 mg.kg™, p.0.) treatment could significantly reverse the changes in serum
biochemical parameters related to cardiac dysfunctions. Molecular mechanism studies
demonstrated impairment of signalling cascade, IRS1/PI3K/Akt/AMPK/p 38/GLUT4, in
glucose metabolism in the skeletal muscle of T2D rats. Significant (p <0.01) activation of polyol
pathway, enhanced production of AGEs, oxidative stress and up-regulation of inflammatory
signalling cascades (PKC/NF-kB/PARP) were observed in the myocardial tissue of T2D
rats. However, protocatechuic acid (50 and 100 mg.kg™, p.0.) treatment could significantly
(p <0.05-0.01) stimulate glucose metabolism in skeletal muscle, regulated glycemic and lipid
status, reduced the secretion of pro-inflammatory cytokines, and restored the myocardial
physiology in T2D rats near to normalcy. Histological assessments were also in agreement
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with the above findings. In silico molecular docking study again supported the interactions of
protocatechuic acid with different signalling molecules, PI3K, IRS, Akt, AMPK PKC, NF-«B, and
PARP, involved in glucose utilization and inflammatory pathophysiology. In silico ADME study
predicted that protocatechuic acid would support the drug-likeness character and to be a new
therapeutic agent for DC in future (Bhattacharjee et al., 2017).

Conclusions

The results of the study showed that the leaf extracts of S. francisii and S. forskaliana led
to a non-significantly decrease of TBARS concentration in the equine erythrocytes. When
erythrocytes were incubated with S. aethiopica, S. caulescens, S. roxburghiana, S. gracilis, the
TBARS level was similar to that of the untreated erythrocytes. In the meantime, the treatment
of S. canaliculata, S. suffruticosa, S. metallica, S. fischeri, S. dooneri, S. trifasciata, S. parva,
S. intermedia, and S. kirkii non-significantly increase the formation of intracellular TBARS in the
extract-treated erythrocytes by approximately 7-20%, respectively. However, S. hyacinthoides
and S. cylindrica had significant increased TBARS level in the extract-treated erythrocytes (by
29.7 and 21%, p <0.05, respectively). It can be inferred from this study, that Sansevieria species
have a promising antioxidant and prooxidant potential. Further studies involving bioassay-
guided identification of the main compounds in plants is necessary to affirm and maximize
the possible use of the plant as a therapeutic remedy for prevention of lipid peroxidation in
erythrocytes. The antioxidative and prooxidative mechanism of various Sansevieria species
in equine erythrocyte suspension will be further studied in detail. The obtained information
may be useful in the clinical usage of plants in medicine and veterinary. Finally, these findings
justify the traditional uses of Sansevieria plants for therapeutic purposes.
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The aim of this study was to assess the in vitro antibacterial activity of ethanolic extract prepared
from Sansevieria cylindrica Bojer ex Hook leaves against Escherichia coli, Staphylococcus aureus,
and Pseudomonas aeruginosa strains, clinically important bacteria, which are indicator organisms
commonly used in programs to monitor antibiotic resistance. For this study, Staphylococcus aureus
ATCC 25923, S. aureus ATCC 29213, S. aureus NCTC 12493, Escherichia coli ATCC 25922, E. coli ATCC
35218, Pseudomonas aeruginosa ATCC 27583 were used. The disc diffusion assay (Kirby-Bauer method)
was used to screen for antibacterial activity of leaf extract. The results of antibacterial activity clearly
showed that the extract has shown antibacterial activity against the entire tested organisms. The extract
has shown better activity against S. aureus and P. aeruginosa strains compared to the E. coli strains. The
diameters of inhibition zones were (22.5 #1.24) mm, (20.5 +1.3) mm, and (16.4 +0.95) mm for S. aureus
ATCC 25923, S. aureus ATCC 29213, and S. aureus NCTC 12493, respectively. The extract has shown less
antimicrobial activities against P aeruginosa. Finally, the ethanolic extract exhibited mild antibacterial
activity againstE. coli. Further chemical analysis of the aforementioned plant extract should be performed
to determinate their chemical composition and identify the exact secondary metabolites responsible for
the antimicrobial activity. In addition, the extract should be subjected to pharmacological evaluations
with the aim of assessing its efficacy and toxicity, interactions and contraindications.

Keywords:  Sansevieria cylindrica Bojer ex Hook, Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa, leaves, ethanolic extract, antimicrobial activity, agar disk diffusion assay

Introduction

The emergence of human pathogenic microorganisms that are resistant to major classes
of antibiotics has increased in recent years, due to the indiscriminate use of commercially
available antimicrobial agents. It was suggested that resistance mechanisms probably have
evolved from genes present in organisms that produce antibiotics (Hawkey, 1998). The
presence of antibiotic-resistant strains among food derived microorganisms suggests that
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it may play a much more important role in transferring the antibiotic resistance encoding
genes than previously thought (Chajecka-Wierzchowska et al., 2016; Bielikova et al., 2017).
Considering, that antibiotics are used for prophylactic purposes in livestock and poultry
production, in vegetable and fruit cultivation and as well as in beekeeping (Ding and He,
2010), it was suggested that the meat of farm animals, fruit, vegetables, and water may be
a source of resistant strains (Chajecka-Wierzchowska et al., 2017).

Sansevieria Thunb., a genus with diverse ethnobotanical uses in its geographical distribution
range, has occupied an important place among plant genera applied for treatment of a broad
spectrum of diseases and disorders (Khalumba and Mbugua, 2005; Staples and Herbst, 2005;
Takawira-Nyenya et al., 2014). Comprehensive information concerning ethnobotanical uses
of various Sansevieria species in Kenya was presented and critically evaluated by Takawira-
Nyenya and coauthors (2014). These authors reported that ethnobotanical data on various
Sansevieria species have been well documented in various locations in East Africa. For
example, Bally (1937) reported that S. kirkii Baker roots are used for the treatment of foot
sores (cited by Takawira-Nyenya et al., 2014). As previously described, S. trifasciata Prain
has been used for the treatment of inflammatory ailments and snakebite (Morton, 1981).
Moreover, S. trifasciata are used in folk medicine for treating bronchitis, asthma, food
poisoning, toxemia, cough, snake bite, insect bite etc. (Seth, 2005). The S. trifasciata extracts
possess mild analgesic properties and elicit analgesic-, anti-inflammatory and antipyretic
activity in mice (Anbu et al., 2009).

The other documented folk medicinal uses of Sansevieria species include treatment for
abdominal pains, diarrhea, and hemorrhoids (Andhare et al.,, 2012). In traditional health
care practice, the leaves of S. liberica Gérome and Labroy are used as painkillers, and in
the treatment of smallpox, chicken pox, measles and most venereal diseases (Chigozie
and Chidinma, 2013). It was reported that preparations of S. liberica plant are used in
the treatment of ear and eye infections, inflammation (leaf juice); tooth-ache (fruit juice
together with fluid from snails); fever, headache, and cold (fume from burning leaves
inhaled); cough, pain, inflammation, infections, convulsion, diarrhoea, and as stimulating
tonic (root decoction) (Watt and Breyer-Brandwijk, 1962). The hydroethanolic extract
of S. liberica possesses also significant anticancer activity (Akindele et al., 2015). The
pressed juice of the S. liberica leaves is dropped in the eyes and ears for the treatment of
infections and inflammations (Chigozie and Chidinma, 2013). Additionally, the S. liberica
roots are used for the treatment of convulsion, epilepsy, paralysis, malnutrition, pulmonary
troubles, vermifuges, cough and debility (Ikewuchi et al., 2011). In Nigeria, the leaves and
roots of S. liberica are used in traditional health-care practice for the treatment of asthma,
abdominal pains, colic, diarrhea, eczema, gonorrhea, hemorrhoids, hypertension, diabetes
mellitus, menorrhagia, piles, sexual weakness, wounds of the foot, and alleviating the
effects of snake bites (Chigozie and Chidinma, 2013). The anti-anemic and sedative and
anticonvulsant activities of the S. liberica leaves and roots have been reported (Ikewuchi et
al,, 2010; Adeyemi et al., 2007).

The roots and rhizomes of S. roxburghiana Schult. & Schult. f. are used in the traditional
medicine as the remedies for diabetes, inflammation, pains, fever, asthma, wound,
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hypertension, oxidative stress and rheumatism (Dhiman, 2006; Pulliah, 2006; Haldar
et al,, 2010). S. roxburghiana could offer an overall protective effect through attenuating
hyperglycemia and arresting inflammation in type 2 diabetes and its associated
cardiomyopathy (Bhattacharjee et al., 2016). S. senegambica Baker is used in traditional
health practice in southern Nigeria for treating bronchitis, inflammation coughs, boils and
hypertension. Itis also used in arresting the effects of snake bites, as well as in compounding
solutions used as hair tonics. A dose-dependent hypocholesterolemic effect of the extract
suggesting a likely protective role of the extract against dyslipidemia and the development
of cardiovascular diseases was also revealed (Ikewuchi, 2012). African S. ehrenbergii were
shown to possess anticancer activity against the P388 lymphocytic leukemia cell line and
a panel of human cancer cell lines. Sansevistatin 2 and other saponins isolated from the same
source, exhibited antifungal activity against Candida albicans and Cryptococcus neoformans
(Pettit et al., 2005). From the leaves of S. cylindrical Bojer ex Hook, a new steroidal saponin
was isolated and showed inhibition of the capillary permeability activity (Da Silva Antunes
et al,, 2003). Watt and Breyer-Brandwijk (1962) listed the use of S. hyacinthoides (L.) Druce
in the treatment of a toothache and earache and the use of the rhizome decoction of S. kirkii
as a purgative both reported from East Africa. Yet, Kiringe (2006) reported on the use of
S. volkensii Giirke for the treatment of sexually transmitted diseases such as gonorrhea. In
Kenya, Owuor and Kisangau (2006) included the use of S. parva N.E.Br. leaf sap and S. kirkii
Baker extracts for treatment of snake bite wounds. Nevertheless, in spite of these data,
Takawira-Nyenya et al. (2014) reported that the documentation of ethnobotanical uses of
genus Sansevieria is incomplete.

Sansevieria species also showed antimicrobial activity (Onah et al., 1994; Aliero et al., 2008;
Philip Deepa et al,, 2011; Sheela et al,, 2012). In our previous study, we have evaluated the
antibacterial capacity of ten species of Sansevieria genus against Staphylococcus aureus in
order to validate scientifically the inhibitory activity for microbial growth attributed by their
popular use and to propose new sources of antimicrobial agents (Buyun et al,, 2016). The
selected bacterial strain S. aureus is widespread and causes serious problems due to their
pathogenicities and high levels of drug resistance. This has caused many clinical problems in
the treatment of infectious diseases because the commercially available antibiotics commonly
used are sometimes associated with adverse effects such as hypersensitivity, allergic reaction,
and immunosuppression in the host. Thus, the search for the discovery of new antimicrobial
agents is an urgent need. The results proved that the inhibition zones ranged between
16 and 34 mm. S. fischeri and S. francisii extracts were particularly active against tested strain
(diameters of inhibition zones were 34 mm). This was followed by the activities of S. parva,
S. kirkii, S. aethiopica, S. caulescens, S. metallica leaf extracts (diameters of inhibition zones
ranged from 25 to 31 mm). The ethanolic extracts of S. canaliculata and S. trifasciata showed
less antimicrobial activities (16 to 16.5 mm). The results proved that the ethanolic extracts
of S. fischeri, S. francisii, S. parva, S. kirkii, S. aethiopica, S. caulescens, S. metallica exhibited
a favorable antibacterial activity against S. aureus. By the agar diffusion method, the ethanolic
extracts of S. fischeri, S. francisii, S. parva, S. kirkii, S. aethiopica, S. caulescens, and S. metallica
leaves showed anti-S. aureus activity, evidencing that ethanol is an efficient organic solvent
to be used for the extraction of bioactive plant materials (Buyun et al., 2016). As previously
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mentioned, our results also revealed that the ethanolic extracts obtained from leaves of
S. kirkii, S. arborescens, S. roxburghiana, S. francisii, S. forskaliana, S. cylindrica, S. trifasciata,
S. canaliculata, S. caulescens, S. metallica, S. aethiopica possess antibacterial potency against
Escherichia coli isolates and may be used as natural antiseptics and antimicrobial agents in
medicine (Tkachenko et al., 2017).

Consequently, the results of the present study confirm the importance of the studied plants
of Sansevieria species as a source of bioactive compounds for the treatment of infectious
diseases. Therefore, the current study was designed to test the efficacy of ethanolic extract
prepared from S. cylindrica Bojer ex Hook leaves against Escherichia coli, Staphylococcus
aureus, and Pseudomonas aeruginosa strains, clinically important bacteria, which are
indicator organisms commonly used in various projects in order to monitor antibiotic
resistance (Boss et al,, 2016).

Materials and methodology

Collection of plant material and preparation of plant extract

Totally expanded leaves of Sansevieria cylindrica plants were sampled for study (Figure 1A).
S. cylindrica is a most distinct stemless succulent plant that grows fan-shaped, with stiff leaves
growing from a basal rosette. It forms in time a colony of solid cylindrical leaves (Figure 1B).
The species is interesting in having cylindrical instead of strap-shaped leaves. It spreads
by rhizomes - roots that travel under the soil surface and develop offshoots some distance
from the original plant. Rosette is formed a few leaves distichous rosettes with 3-4 leaves
(or more) from underground rhizomes. Leaves are round in cross-section, leathery, rigid,
erect to arching, channelled only at the base, dark-green with thin dark green vertical stripes
and horizontal grey-green bands about (0.4)1-1,5(-2) m in height and about 2-2,5(-4) cm
thick. The 2.5-4 cm flowers are tubular, delicate greenish-white tinged with pink and lightly
fragrant. Blooming season: It blooms once a year in Winter to Spring (or summer too) (http://
www.llifle.com).

Freshly collected leaves were washed, weighted, crushed, and homogenized in 96% ethanol
(in proportion 1 : 19) at room temperature. The extracts were then filtered and investigated
for their antimicrobial activity. All extracts were stored at 4 °C until use.
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PN At R ; -
Figure 1 Sansevieria cylindrica Bojer ex Hook: A - the growth habit of S. cylindrica in semi-natural
habitat, Madagascar, Toliara, dAntsokay Arboretum (photo by Lyudmyla Buyun); B - a specimen
of S. cylindrica cultivated under glasshouse conditions at NBG (Kyiv, Ukraine) (photo by Denis
Krupoderov)

Bacterial test strain and growth conditions

For this study, a panel of organisms including Staphylococcus aureus ATCC 25923 (mecA
negative), S. aureus ATCC 29213 (mecA negative, Oxacillin sensitive, weak beta-lactamase
producing strain), S. aureus NCTC 12493 (mecA positive, Methicillin-resistant, EUCAST
QC strain for cefoxitin), Escherichia coli ATCC 25922, E. coli ATCC 35218, Pseudomonas
aeruginosa ATCC 27583 were used. The cultivation medium was trypticase soy agar (Oxoid™,
UK), supplemented with 10% defibrinated sheep blood. Cultures were grown aerobically for
24 h at 37 °C. The cultures were later diluted with a sterile solution of 0.9% normal saline to
approximate the density of 0.5 McFarland standard. The McFarland standard was prepared by
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inoculating colonies of the bacterial test strain in sterile saline and adjusting the cell density
to the specified concentration.

Determination of antibacterial activity of plant extracts by the disk diffusion method

Antimicrobial activity was determined using the agar disk diffusion assay (Bauer et al,
1966). Strains were inoculated onto Mueller-Hinton (MH) agar plates. Sterile filter paper
discs impregnated with extract were applied over each of the culture plates. Isolates of
bacteria were then incubated at 37 °C for 24 h. The plates were then observed for the zone
of inhibition produced by the antibacterial activity of ethanolic extract obtained from the
leaves of S. cylindrica. A negative control disc impregnated with sterile ethanol was used in
each experiment. At the end of the period, the inhibition zones formed were measured in
millimetres using the vernier. For each extract, eight replicates were assayed. The plates were
observed and photographs were taken. The susceptibility of the test organisms to the plant
extracts was indicated by a clear zone of inhibition around the holes containing the plant
extracts and the diameter of the clear zone was taken as an indicator of susceptibility. Zone
diameters were determined and averaged.

Statistical analysis

All statistical calculation was performed on separate data from each species with STATISTICA
8.0 (StatSoft, Poland) (Zar, 1999). The following zone diameter criteria were used to assign
susceptibility or resistance of bacteria to the phytochemicals tested: Susceptible (S) 215 mm,
Intermediate (/) = 11-14 mm, and Resistant (R) <10 mm (Okoth et al.,, 2013).

Results and discussion

In line with the growing interest in the antibacterial potential of different plants, we
examined the antibacterial properties of Sansevieria cylindrica leaves against Escherichia
coli, Staphylococcus aureus, and Pseudomonas aeruginosa strains. The results of antibacterial
activity screening are given in the Figures 2 and 3, which clearly indicate that the extract
has shown antibacterial activity against the entire tested organisms. The extract has shown
better activity against S. aureus and P. aeruginosa strains compared to the E. coli strains. The
diameters of inhibition zones were (22.5 +1.24) mm, (20.5 #1.3) mm, and (16.4 +0.95) mm
for S. aureus ATCC 25923, S. aureus ATCC 29213, and S. aureus NCTC 12493, respectively. The
extract has shown less antimicrobial activities against P. aeruginosa. The mean of the inhibition
zone was (17.8 +1.25) mm. Finally, the ethanolic extract exhibited mild antibacterial activity
against E. coli [mean of inhibition zone ranged (16.8 £0.85) mm for E. coli ATCC 25922 and
(15.1 £1.1) mm for E. coli ATCC 35218] (Figures 2 and 3).

The Sansevieria species are an important source of potentially useful structures for the
development of new chemotherapeutic agents (Adeyemi et al., 2007; Ikewuchi et al., 2010;
Andhare et al,, 2012; Ikewuchi, 2012; Bhattacharjee et al., 2016). Antimicrobial screening
of plant extracts with the in vitro antibacterial activity assay, usually, represents a starting
point for antimicrobial drug discovery (Amenu, 2014). Consequently, in this study, the
antibacterial activity of S. cylindrica leaf extract (Figures 2 and 3) was investigated against
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the standard Gram-positive strains: Staphylococcus aureus (ATCC 25923, ATCC 29213,
NCTC 12493) and Gram-negative strains: Pseudomonas aeruginosa (ATCC 27583) and
Escherichia coli (ATCC 25922, ATCC 35218) by the disc diffusion method. This was carried
out by placing discs impregnated with test material on the surface of inoculated MH agar
plates. The plates were then kept in an incubator at 37 °C for 24 hours and diameters of
zones of inhibition were measured. Clear inhibition zones unravelled that the compounds
showed the antibacterial activity of the antibiotic disc against bacterial strains. It was
observed that controlled strain of both Gram-positive and Gram-negative strains: E. coli,
P. aeruginosa and S. aureus were sensitive against S. cylindrica extract. It is concluded that
plant extract possesses antibacterial activity against tested organisms. The zone of inhibition
varied suggesting the varied degree of efficacy and different substances of the extract on the
target strains. The antibacterial activity of the S. cylindrica extract may be due to the presence
of various active metabolites.

Sansevieria cylindrica

Pseudomonas aeruginosa ATCC 27583 _ 17.8
Staphylococcus aureus NCTC 12493 _ 16.4
Staphylococcus aureus ATCC 29213 — 20.5
Staphylococcus aureus ATCC 25923 _ 22.5

Escherichia coli ATcc 35218 | 15.1
Escherichia coli ATcc 25922 | 168

0 5 10 15 20 25
Diameters of inhibition zone, mm
Figure 2 The mean of inhibition zone diameters of ethanolic extracts obtained from leaves of Sansevieria

cylindrica against S. aureus, E. coli, and P. eaeruginosa (n = 8)

The results of the present study reinforce the importance of the analyzed plants as
a source of bioactive compounds for the treatment of S. aureus, P. aeruginosa, and E. coli
related infectious diseases. Similar results were described for other species of Sansevieria
genus. For example, Deepa Philip et al. (2011) have carried out phytochemical analysis
and antimicrobial investigation of different solvent and aqueous extracts of the leaves and
rhizome of S. roxburghiana against a panel of clinically significant bacterial and fungal strains
(Salmonella paratyphi, Shigella sonnie, Salmonella typhi, Bacillus cereus, Staphylococcus
aureus, Micrococcus luteus, Enterococcus spp., Klebsiella pneumoniae, Proteus vulgaris and
Cryptococcus neoformans, Candida albicans and standard strains of Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853). Susceptibility testing by disc diffusion assay
revealed significant antimicrobial activity of methanolic and acetone extracts of leaves against
Gram-positive bacteria such as M. luteus, B. cereus, Enterococcus spp., S. aureus, Gram-negative
bacteria such as P. vulgaris, P. aeruginosa, P. fluorescence, S. typhi, S. paratyphi, K. pneumoniae,
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S. sonnei and E. coli, fungal strains Cryptococcus spp. and C. albicans. Ethyl acetate extracts
of rhizomes also exhibited appreciable antimicrobial activity against most of the pathogens
tested. The minimum inhibitory concentrations (MIC) of the various extracts by agar dilution
method ranged from 1.0 to 8.0 mg.ml™. The leaf extracts exhibited better antimicrobial
activity than rhizomes (Deepa Philip et al, 2011). The diethyl ether, alcohol, and acetone
extracts of S. roxburghiana rhizome showed antibacterial activity against Escherichia coli,
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Staphylococcus aureus (Sheela et al.,
2012). The antibacterial activity of ethanolic extract of the rhizome of S. roxburghiana against
the four pathogenic bacteria, S. typhi, P, fluorescens, P. aeruginosa and E. coli was assessed by
a zone of inhibition in the study of Poonam Sethi (2013). All the microbes were sensitive to
the ethanolic extract of the plant and showed a potential activity. Maximum activity was seen
in the case of P, fluorescens where the zone diameter was 32 mm (300 pg.ml ™). The minimum
inhibitory concentration study revealed that the value for the S. typhi and E. coli as 80 and
60 ug.ml for P. fluorescens and P. aeruginosa (Poonam Sethi, 2013).

Figure 3 Antimicrobial activity of ethanolic extract obtained from leaves of S. cylindrica against E. coli
ATCC 25922 (A), E. coli ATCC 35218 (B), P. aeruginosa ATCC 27583 (C), and S. aureus ATCC
29213 (D) measured as inhibition zone diameter

By the agar diffusion method, the ethanolic extracts from S. fischeri, S. francisii, S. parva,
S. kirkii, S. aethiopica, S. caulescens, and S. metallica showed anti-S. aureus activity, evidencing
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that ethanol is an efficient organic solvent to be used for the extraction of bioactive plant
materials. The microbial growth inhibition capacity relies on the rich variety of phytochemicals
including carbohydrates, saponin, flavonoids, phenols, alkaloid, anthocyanin and cyanine,
glycosides, proteins, and phytosterols (Deepa Philip etal., 2011). The phytochemical screening
revealed the high presence of alkaloids in the methanolic extract of S. roxburghiana compared
to acetone, chloroform, and ether. Flavonoids were present in ethanolic and ether extracts
in moderate proportions; saponins were present in ethanolic and methanolic extracts in
moderate proportions. Steroids were shown in higher proportions in methanol, chloroform
and ether and moderate in acetone; terpenoids presence were was shown in chloroform and
absent in all rest of the extracts. Tannins were high in acetone and methanol and moderate
in ethanol and chloroform. Phenols were only in methanol fractions, while quinones were
presented in methanol, chloroform, and ether in moderate levels (Kumar and Kumari, 2015).

Saponins are a diverse family of secondary metabolites (glycosylated phytoanticipins) that are
found in a wide range of plant species and can be divided into three major groups, triterpenoid,
steroid or steroidal glycoalkaloid, depending on the structure of their aglycones. Because they
have potent antimicrobial activities it is proposed that the natural role of these molecules in
plants is to confer protection against potential pathogens (Osbourn, 2003; Gonzalez-Lamothe
et al,, 2009). Flavonoids are also well known as antibacterial agents against a wide range of
pathogenic microorganism (Cushnie and Lamb, 2011; Coppo and Marchese, 2014; Xie et al,,
2015). Recent advances in understanding the antibacterial properties of flavonoids were
described by Cushnie and Lamb (2011). Several mechanisms of actions have been proposed
for the synergistic and antibiotic resistance-modulating activity of flavonoids. For the galloyl
flavan-3-ols, it has been suggested that these modulate {-lactam resistance by reducing
d-alanylation of cell wall teichoic acid [resulting in inactivation of penicillin-binding protein 2a
(PBP2a)], or by intercalating into the cytoplasmic membrane and inducing structural changes
that result in delocalization of PBP2a. For less-studied compounds in the flavone, isoflavone,
flavonol and flavolan classes, it has been suggested these increase antibiotic efficacy via
multiple mechanisms of actions, i.g. through pB-lactamase inhibition, efflux pump inactivation,
cytoplasmic membrane destabilization, disruption of PBP2a synthesis and topoisomerase
inhibition (Cushnie and Lamb, 2011).

The specific function of many phytochemicals is still unclear; however, a considerable number
of studies have shown that they are involved in the interaction of plants/pests/diseases
(Amenu, 2014). It was suggested, that in order to defend themselves, plants are armed with
constitutive, pre-existing defence types such as cell wall barriers or pre-formed and stored
antimicrobial toxins (Balmer et al., 2013).

To our mind, the scope of our current study is not limited only by searching plant-derived
agents to be applied to medicine. Furthermore, we believe, that our findings are linked with
the fundamental understanding of factors and mechanisms underlying both basal immunity
and induced systemic resistance in angiosperms, in monocots, particularly.
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Conclusions

The results proved that the extract from S. cylindrica exhibits a favorable antibacterial activity
against E. coli, S. aureus, P. aeruginosa. Further chemical analysis of the aforementioned plant
extract of S. cylindrica should be performed to determinate their chemical composition and
identify the exact secondary metabolites responsible for the antimicrobial activity. In addition,
the extract should be subjected to pharmacological evaluations with the aim of assessing its
efficacy and toxicity, interactions and contraindications. Thus, the preliminary screening assay
indicated that the leaves of S. cylindrica with antibacterial properties may offer alternative
therapeutic agents against bacterial infections.
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The main goal of our study was to assess the antioxidant effect of leaf extract obtained from Begonia
rex Putz. on oxidative stress biomarkers [2-thiobarbituric acid reactive substances (TBARS), carbonyl
derivatives content of protein oxidative modification] and antioxidant defences [superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx) activity, ceruloplasmin level, and total antioxidant
capacity] using the equine erythrocytes model. Freshly collected B. rex leaves were washed, weighted,
crushed, and homogenized in 0.1M phosphate buffer (pH 7.4) (inratio 1: 19, w/w) at room temperature.
The extracts were then filtered and used for analysis. A volume of 0.1 ml of the plant extract was added
to 1.9 ml of clean equine erythrocytes or 1.9 ml of plasma. For positive control (phosphate buffer)
was used. After incubation, the mixture at 37 °C for 60 min with continuous stirring, erythrocytes,
and plasma aliquots was used in the study. The extract during incubation of erythrocyte suspension
caused a non-considerable TBARS formation (by 18%, p >0.05), while the content of aldehydic and
ketonic derivatives of oxidatively modified proteins was decreased (by 7 and 8%, p >0.05, respectively)
compared to control. The aqueous leaf extract of B. rex has proven the most effective to increase
the catalase and GPx activity (by 44%, p >0.05 and 62%, p <0.05). The increase of the catalase and
GPx activity was induced by TAC enhancement by 34% (p >0.05). SOD activity was non-significantly
decreased by 17% (p >0.05). B. rex extract caused the statistically significant decrease in ceruloplasmin
level by 64% (p <0.05). These in vitro assays indicate that B. rex leaf extract screened is a significant
source of natural antioxidant, which might be helpful in preventing the progress of various oxidative
stresses. However, the components responsible for the antioxidative activity of B. rex extract is currently
unclear. Therefore, further investigations need to be carried out to isolate and identify the antioxidant
compounds present in the plant extract.

Keywords: Begonia rex, equine erythrocytes, lipid peroxidation, oxidatively modified proteins,
antioxidant defence

Introduction

Begonia L. is a mega-diverse genus containing more than 1800 species, with a very high
proportion of microendemics and hotspots of diversity in the Andes and Southeast Asia
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(Hughes et al.,, 2018). The first living plant in Begonia was introduced to Europe during
the eighteenth century, and thereafter over 400 natural species have been introduced for
horticulture and many cultivars have been developed (Tebbitt, 2005). Begonias are among
the most popular ornamental plants in the world thanks to their large, showy, and long-lasting
multicolor flowers, ranging from white to pink, red, and yellow (Sakhanokho et al,, 2013;
Twyford et al., 2014). They are used as garden plants and potted plants, in hanging baskets,
and as greenhouse flowers, as well as potherbs or leaf vegetables in many parts of the world.
The roots and tubers of some species have been reported to possess antimicrobial activities
and are used to treat various ailments (Sakhanokho et al.,, 2013).

In our previous study (Tkachenko et al.,, 2016; Buyun et al., 2017), we have assessed the
anti-Escherichia coli activity of the ethanolic extracts from the leaves of Begonia species,
i.e. B. solimutata L.B. Sm. & Wassh., B. goegoensis N.E.Br,, B. foliosa Kunth, Begonia x bunchii
L.H. Bailey (syn. Begonia x erythrophylla Hérincq), B. thiemei C.DC., B. peltata Otto & Dietr.,
B. heracleifolia Cham. & Schltdl., B. dregei Otto & Dietr., B. mexicana G. Karst. ex Fotsch. In
our study, ethanolic extracts obtained from leaves of Begonia species had an average activity
against E. coli. The inhibition zone diameter observed for B. solimutata was 14 mm, 11.5 mm for
B. goegoensis, 13 mm for B. foliosa, 13.5 mm for Begonia x bunchii, 15 mm for B. thiemei, 19 mm
for B. peltata, 12 mm for B. heracleifolia, 11.5 mm for B. dregei, and 16 mm for B. mexicana.
The highest antimicrobial effect was recorded for B. peltata, B. mexicana, and B. thiemei. The
most antimicrobial effective plant against E. coli was B. peltata, being highly active with the
ethanolic extract (inhibition zone diameter 19 mm). The obtained results highlighted the
interesting antimicrobial potency of various Begonia species and provided a scientific basis
for the traditional use of these plants in the treatment of microbial infections (Tkachenko
et al, 2016; Buyun et al,, 2017). Moreover, the highly active antimicrobial effects of various
Begonia species against Candida albicans and Pseudomonas aeruginosa isolates are worthy
of highlighting (Buyun et al.,, 2016; Tkachenko et al., 2017). Furthermore, the antimicrobial
activity showed by Begonia species screened is in agreement with previous findings on the
antimicrobial effects produced by numerous Begonia species.

We also have assessed the percentage of equine erythrocyte hemolysis induced by treatment
with extracts of various species of Begonia genus to exemplify their further potential
development and use as a drug against metabolic diseases in medicine and veterinary
(Tkachenko et al., 2017). Our study demonstrated that among 30 species of Begonia genus,
the most species of plants investigated possessed anti-hemolytic activity. The results of
these biological assays demonstrated that compounds present in B. glabra, B. aconitifolia,
B. sanguinea, B. thiemei, B. masoniana, B. x credneri, B. oxyphylla, B. subvillosa, B. ulmifolia,
B. convolvulaceae can prevent the formation of methemoglobin and reduce hemolysis, while
B. erythrophylla, B. psilophylla, and B. arborescens var. oxyphylla extracts can facilitate the
formation of methemoglobin and hemolysis in healthy equine blood. Extracts from leaves
of B. foliosa, B. rex, B. solimutata, B. mexicana, B. goegoensis, B. imperialis var. smaragdina,
B. pustulata, B. peltata, B. cucullata, B. angularis, B. boisiana, B. venosa exhibited the decrease
of percentage hemolysis of equine erythrocytes, but these alterations were non-significant
(Tkachenko etal., 2017).
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In erythrocytes, interactions between biomolecules and the components of plant extract take
place. As a result, alterations in oxidative balance, as well as changes in cellular membrane
properties, may appear. A disturbance in pro-oxidative-antioxidative balance (the increase in
methemoglobin content and reactive oxygen species formation) leads to erythrocyte damage,
including changes in cytoskeleton and cell’'s membrane such as formation and tearing off the
bubbles. In the consequence of these processes, the erythrocytes are excessively eliminated
from blood (Bors et al,, 2012). Equine erythrocytes are more sensitive to oxidant-induced
damage due to the use of inefficient mechanisms to correct and protect against oxidative
damage, i.e. methemoglobin formation, alteration of aggregation, and reduction of cellular
deformability (Baskurt and Meiselman, 1999). Therefore, the high susceptibility of equine
erythrocytes to oxidant damage and the resulting hemorheologic alterations may have
important consequences for tissue perfusion and cardiovascular adequacy in horses (Baskurt
and Meiselman, 1999; Walter et al., 2014).

Oxidants typically damage erythrocytes by oxidizing the heme iron in hemoglobin, reactive
sulfhydryls, orunsaturatedlipidsin the membranes. The oxidation ofthe heme ironin hemoglobin
to the ferric (Fe**) state generates methemoglobin, which is incapable of transporting oxygen.
Methemoglobin can be enzymatically reduced back to the functional ferrous (Fe?*) state,
primarily by nicotinamide adenine dinucleotide (NADH)-dependent methemoglobin reductase
(Wright et al., 1999; Walter et al., 2014). Sulfthydryl groups in proteins and unsaturated lipids in
erythrocyte membranes are especially susceptible to oxidation. Oxidative denaturation and the
precipitation of the globin portion of hemoglobin into large aggregates result in the formation
of Heinz bodies that can bind to and alter membranes. Membrane structure also is altered by
the oxidation of sulfhydryl groups and by lipid peroxidation (Harvey, 1997). NADPH is produced
by the initial enzyme reactions of the pentose phosphate pathway, and erythrocytes increase
pentose phosphate-pathway metabolism in response to oxidants to provide the NADPH
necessary for the regeneration of reduced glutathione (GSH). In healthy humans and animals,
most glutathione in erythrocytes is maintained as GSH, with low concentrations of oxidizing
glutathione (GSSG) being present (Harvey, 1997; Harvey et al., 2003). Erythrocytes from horses
are slower than erythrocytes from other species studied in their ability to regenerate GSH after
it has been oxidized in vitro (Agar et al., 1974; Harvey et al., 2003). Horse erythrocytes also
appear less able to protect themselves against oxidative injury induced by incubation with
high levels of ascorbate, which stimulates the GR reaction by the oxidation of GSH (Harvey
and Kaneko, 1977; Harvey et al,, 2003). Therefore, though many model systems are frequently
used to study the biochemical alterations under the condition of oxidative stress including the
tissues from various parts of the body, erythrocytes, as the most common type of blood cells, get
superiority amongst them (Pandey and Rizvi, 2010). Red blood cell along with its membrane
has always been an important medium for the study due to the important role it plays in
varied physiological and metabolic processes (Karabulut et al., 2009).

In this study, we have focused on the antioxidant effect of leaf extract obtained from
Begonia rex Putz. on oxidative stress biomarkers [2-thiobarbituric acid reactive substances
(TBARS), carbonyl derivatives content of protein oxidative modification] and antioxidant
defences [superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) activity,
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ceruloplasmin level, and total antioxidant capacity (TAC)] using the equine erythrocytes
model. Thus, equine erythrocytes were proved to be a good tool for analyzing the oxidative
stress biomarkers as a mechanism of antioxidant action of B. rex leaf extract.

Material and methodology

Collection of plant material

The leaves of Begonia rex Putz., cultivated under glasshouse conditions, were sampled
at M.M. Gryshko National Botanic Garden (NBG), National Academy of Science of Ukraine.
The biochemical screening of Begonia leaf extracts has been carried out in the laboratory of
Institute of Biology and Environmental Protection, Pomeranian University in Slupsk (Poland).
Our current scientific project has been undertaken in the frame of cooperation programme
between the Institute of Biology and Environmental Protection (Pomeranian University in
Slupsk, Poland) and NBG, aimed at assessment of medicinal properties of tropical plants
has encompassed some tropical mega-diverse genera, including genus Begonia with a near
pantropical distribution.

Preparation of plant extracts

The B. rex has striking metallic patterns with variations of red and silver over a green
background on a rippled surface (Zhang et al., 2009). Freshly collected leaves were washed,
weighted, crushed, and homogenized in 0.1M phosphate buffer (pH 7.4) (in ratio 1: 19, w/w)
at room temperature. The extracts were then filtered and used for analysis. All extracts were
stored at -20 °C until use.

Horses

Eighteen healthy adult horses from central Pomeranian region in Poland (village Strzelinko,
N54230'48.0"E16257’44.9”),aged 8.9 +1.3 years old, including 6 Hucul pony, 5 Thoroughbred
horses, 2 Anglo-Arabian horses and 5 horses of unknown breed, were used in this study. All
horses participated in recreational horseback riding. Horses were housed in individual boxes,
with feeding (hay and oat) provided twice a day, at 08.00 and 18.00 h, and water available
ad libitum. All horses were thoroughly examined clinically and screened for hematological,
biochemical and vital parameters which were in the reference ranges. The females were
non-pregnant.

Collection of blood samples

Blood was drawn from the jugular vein of the animals in the morning, 90 minutes after feeding,
while the horses were in the stables (between 8:30 and 10 AM). Blood was stored in tubes with
sodium citrate as the anticoagulant and held on the ice until centrifugation at 3000 rpm for
5 min to remove plasma. The pellet of blood was re-suspended in 4 mM phosphate buffer (pH
7.4). A volume of 0.1 ml of the plant extract was added to 1.9 ml of clean equine erythrocytes
or 1.9 ml of plasma. For positive control (phosphate buffer) was used. After incubation the
mixture at 37 °C for 60 min with continuous stirring, it was centrifuged at 3000 rpm for 5 min.
Erythrocytes and plasma aliquots were used in the study.

-97 -



Buyun, L., Tkachenko, H., Osadowski, Z.
Agr.bio.div. Impr. Nut., Health Life Qual., 2018, 94-110

2-Thiobarbituric acid reactive substances (TBARS) assay

The level of lipid peroxidation was determined by quantifying the concentration of
2-thiobarbituric acid reacting substances (TBARS) with the Kamyshnikov (2004) method for
determining the malonicdialdehyde (MDA) concentration. This method isbased on the reaction
of the degradation of the lipid peroxidation product, MDA, with TBA under high temperature
and acidity to generate a colored adduct that is measured spectrophotometrically. Briefly,
0.1 mL of sample (blood, plasma, and erythrocytes’ suspension) was added to 2 mL of distilled
water, 1 mL of 20% TCA and 1 mL of 0.8% TBA. The mixture was heated in a boiling water
bath for 10 minutes. After cooling, the mixture was centrifuged at 3.000 g for 10 minutes. The
pmol of MDA per 1 L was calculated using 1.56-10° mM™ cm™ as the extinction coefficient.

The carbonyl derivatives content of protein oxidative modification (OMP) assay

To evaluate the protective effects of the extract against free radical-induced protein damage in
equine erythrocytes, a carbonyl derivatives content of protein oxidative modification (OMP)
assay based on the spectrophotometric measurement of aldehydic and ketonic derivatives in
the erythrocytes’ suspension was performed. The rate of protein oxidative destruction was
estimated from the reaction of the resultant carbonyl derivatives of amino acid reaction with
2,4-dinitrophenylhydrazine (DNFH) as described by Levine et al. (1990) and as modified
by Dubinina et al. (1995). DNFH was used for determining carbonyl content in soluble and
insoluble proteins. Briefly, 1 mL of 0.1M DNPH (dissolved in 2 M HCl) was added to 0.1 mL of
the sample after denaturation of proteins by 20% trichloroacetic acid (TCA). After addition
of the DNPH solution (or 2M HCI to the blanks), the tubes were incubated for a period of 1 h
at 37 °C. The tubes were spun in a centrifuge for 20 min at 3.000 g. After centrifugation, the
supernatant was decanted and 1 mL of ethanol-ethylacetate solution was added to each tube.
Following the mechanical disruption of the pellet, the tubes were allowed to stand for 10 min
and then spun again (20 min at 3.000 g). The supernatant was decanted and the pellet washed
thrice with ethanol-ethylacetate. After the final wash, the protein was solubilized in 2.5 mL
of 8M urea solution. To speed up the solubilization process, the samples were incubated in a
90 °C water bath for 10-15 min. The final solution was centrifuged to remove any insoluble
material. The carbonyl content was calculated from the absorbance measurement at 370 nm
and 430 nm, and an absorption coefficient 22.000 M *-cm™’. Carbonyl groups were determined
spectrophotometrically from the difference in absorbance at 370 nm (aldehyde derivatives,

OMP,, ) and 430 nm (ketonic derivatives, OMP,,).

Assay of superoxide dismutase activity

Superoxide dismutase (SOD, E.C. 1.15.1.1) activity was assessed by its ability to dismutate
superoxide produced during quercetin auto-oxidation in an alkaline medium (pH 10.0) by
Kostiuk et al. (1990) method. Briefly, 1.0 mL of C reagent was mixed with 0.1 mL of a blood
sample (dilution in water 1 : 1000). C reagent was made ex tempore (a mixture of equal
volumes of 0.1 M K, Na-phosphate buffer, pH 7.8 and 80 mM EDTA solution); pH of C reagent
was adjusted to 10.0 by adding TEMED. Distilled water (0.1 mL) was added to blank vials
instead of the blood sample. The total volume of all samples was brought up to 2.4 mL using
distilled water. The reaction was initiated by adding 0.1 mL of quercetin (1.4 uM dissolved
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in dimethyl sulfoxide). Absorbance at 406 nm was measured immediately and after 20 min
addition of quercetin solution. Activity is expressed in units of SOD per mL of blood.

Assay of catalase activity

Catalase (CAT, E.C. 1.11.1.6) activity was determined by measuring the decrease of H,0, in
the reaction mixture using a spectrophotometer at the wavelength of 410 nm by the method
of Koroliuk et al. (1988). The reaction was initialized by adding 0.1 mL of plasma into the
incubation medium (2 mL of 0.03% H,0, solution) and to 1.0 mL of 4% ammonium molybdate
dissolved in 12.5 mM H,SO, solution (blank sample). The duration of the reaction was 10 min
at room temperature. The reaction was terminated by rapid adding 1.0 mL of 4% ammonium
molybdate dissolved in 12.5 mM H,SO, solution to incubation medium and 1 mL of 125 mM
H,SO, to all samples. All samples were centrifuged at 3.000 g for 5 min. The absorbance of the
obtained solution was measured at 410 nm and compared with that of the blank. One unit of
catalase activity is defined as the amount of enzyme required for decomposition of 1 mmol
H,0, per min per L of blood.

Assay of glutathione peroxidase activity

Glutathione peroxidase (GPx, EC 1.11.1.9) activity was determined by detecting the non-
enzymatic utilization of GSH (the reacting substrate) at an absorbance of 412 nm after
incubation with 5,5-dithiobis-2-nitrobenzoic acid (DTNB) according to by the method of Moin
(1986). The assay mixture contained 0.8 mL of 0.1 M Tris-HCl buffer with 6 mM EDTA and
12 mM sodium azide (pH 8.9), 0.1 mL of 4.8 mM GSH, 0.2 mL of hemolyzed erythrocytes (1: 20),
1 mL of 20 mM t-butyl hydroperoxide, and 0.1 mL of 0.01 M 5,5-dithiobis-2-nitrobenzoic acid.
The rate of GSH reduction was followed spectrophotometrically at 412 nm. GPx activity is
expressed as umol GSH per min per mL of blood.

Assay of ceruloplasmin level

The ceruloplasmin (CP, EC 1.16.3.1) level in the plasma was measured spectrophotometrically
at 540 nm, as described by Ravin (1961). The assay mixture contained 0.1 mL of plasma, 0.4 M
sodium acetate buffer (pH 5.5), and 0.5% p-phenylenediamine. The mixture was incubated
at 37 °C for 60 min. Before cooling at 4 °C for 30 min, the mixture was added to 3% sodium
fluoride for inhibition. Ceruloplasmin was expressed in mg per L of plasma.

Measurement of total antioxidant capacity (TAC)

The TAC level in the sample was estimated by measuring the 2-thiobarbituric acid
reactive substances (TBARS) level after Tween 80 oxidation. This level was determined
spectrophotometrically at 532 nm (Galaktionova et al., 1998). Sample inhibits the Fe®*/
ascorbate-induced oxidation of Tween 80, resulting in a decrease in the TBARS level. Briefly,
0.1 mL of sample was added to 2 mL of 1% Tween 80 reagent, 0.2 mL of 1 mM FeSO,, and
0.2 mL of 10 mM ascorbic acid. In the blank assay, 0.1 mL of distilled water was used instead of
the sample. The mixture was heated in a water bath for 48 hrs at 37 °C. After cooling, 1 mL of
20% trichloroacetic acid was added. The mixture was centrifuged at 3.000 g for 10 min. After
centrifugation, 2 mL of supernatant and 2 mL of 0.25% 2-thiobarbituric acid were mixed.
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The mixture was heated in a water bath at 95 °C for 15 min. The absorbance of the obtained
solution was measured at 532 nm. The absorbance of the blank was defined as 100%. The
level of TAC in the sample (%) was calculated with respect to the absorbance of the blank
sample.

Statistical analysis

The mean + S.E.M. values were calculated for each group to determine the significance of
the intergroup difference. All variables were tested for normal distribution using the
Kolmogorov-Smirnov and Lilliefors test (p >0.05). The significance of differences between the
parameters (significance level, p <0.05) was examined using the Mann-Whitney U test (Zar,
1999). In addition, the relationships between oxidative stress biomarkers were evaluated
using Spearman’s correlation analysis. All statistical calculation was performed on separate
data from each individual with Statistica 8.0 software (StatSoft, Krakow, Poland).

Results and discussion

In this study, the investigation of the effect of B. rex extract on the lipid peroxidation and
oxidatively modified protein biomarkers, as well as antioxidant defences in the equine
erythrocyte suspension was undertaken. In relation to blood cells, circulating erythrocytes
are regularly exposed to stress conditions and are especially vulnerable as they have no
membrane repair mechanism or regenerative capacity (Savignone and Palacios, 2017)

Figure 1A summarizes the results obtained by incubating equine erythrocyte suspension
in the presence of the aqueous extract of B. rex. As seen, the presence of the extract during
incubation of erythrocyte suspension caused a non-considerable TBARS formation (by 18%,
p >0.05), while the content of aldehydic and ketonic derivatives of oxidatively modified
proteins was decreased (by 7 and 8%, p >0.05, respectively) compared to control.

[t is generally assumed, that membrane phospholipids of aerobic organisms are continually
subjected to oxidant challenges from endogenous and exogenous sources, while peroxidized
membranes and lipid peroxidation products represent constant threats to aerobic cells.
The most widely used assay for lipid peroxidation is malondialdehyde (MDA) formation as
a secondary lipid peroxidation product, with the thiobarbituric acid reactive substances test
(Draper et al., 1993; Valavanidis et al.,, 2006). Protein oxidation reactions involve various
propagating radicals and ROS and the results are oxidative modifications of amino acid side
chains, reactive-oxygen-species-mediated peptide cleavage, reactions of peptides with lipids
and carbohydrate oxidation products, and formation of carbonyl derivatives of proteins
(Valavanidis et al, 2006). Of the various indices of protein oxidation, protein carbonyl
formation is the best studied with increases in tissues and organs of organisms (Stadtman
and Berlett, 1998).

Antioxidants help prevent cellular damage caused by reactive oxygen species (ROS) such as
hydrogen peroxide (H,0,) and the superoxide anion radical (0,) (Halliwell and Gutteridge,
1989). Antioxidants can be enzymes or molecules such as vitamins E and C, urea, glutathione
etc. Antioxidantenzymes include superoxide dismutase (SOD), which catalyzes the dismutation
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of 0, to water and oxygen, catalase (CAT), which reduces H,0, to water and oxygen, and
glutathione reductase (GR), which regenerates reduced glutathione (GSSG) used as a direct
scavenger of ROS or as a substrate for the antioxidant enzyme glutathione peroxidase (GPx)
(Halliwell and Gutteridge, 1989). In our study, the aqueous leaf extract of B. rex has proven the
most effective to increase the catalase and GPx activity (by 44%, p >0.05 and 62%, p <0.05)
(Figure 1A). The increase of the catalase and GPx activity was induced by TAC enhancement
by 34% (p >0.05) (Figure 1B). SOD activity was non-significantly decreased by 17% (p >0.05)
(Figure 1B).

60
4 Control
50 H Begonia rex
40 I I I
30 I
20
10
0
Lipid peroxidation Aldehydic derivatives of Ketonic derivatives of Total antioxidant
biomarker, pmol oxidatively modified oxidatively modified capacity, %
TBARS/L proteins, nmol/mL proteins, nmol/mL
400 14 B
350 12 14 Control I
300 I 10 H Begonia rex
250
8
200
6 *
150 *
4
100
50 2 ‘
0 ‘ 0 e o
Superoxide Catalase, mmol Glutathione Ceruloplasmin,
. H202/min*L peroxidase, mkmol mg/L
dismutase, U/mL GSH,/min*mL
Figure 1 The TBARS content as biomarker of lipid peroxidation, aldehydic and ketonic derivatives of

oxidatively modified proteins, and total antioxidant capacity (A), superoxide dismutase,
catalase, glutathione peroxidase, and ceruloplasmin activity (B) in the equine erythrocytes
suspension after in vitro incubation with Begonia rex leaf extract (M +m, n = 18)
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Ceruloplasmin is a serum ferroxidase that contains greater than 95% of the copper found
in plasma. This protein is a member of the multicopper oxidase family, an evolutionarily
conserved group of proteins that utilize copper to couple substrate oxidation with the four-
electron reduction of oxygen to water (Hellman and Gitlin, 2002). It has been proposed to
ceruloplasmin function in copper transport, oxidation of organic amines, Fe?*-oxidation
and the regulation of cellular iron levels, and regulation of catechols metabolism, radical
scavenging and other antioxidant processes (Healy and Tipton, 2007). In our study, B. rex
extract caused the statistically significant decrease in ceruloplasmin level by 64% (p <0.05)
(Figure 1B).

Based on the collected data, positive trends were observed in the regressions of TBARS level
against ketonic derivatives of OMP level (r = 0.477, p = 0.045), and SOD activity (r = 0.553,
p = 0.017) for in the equine erythrocyte suspension after in vitro incubation with B. rex
leaf extract (Figure 2A); in the case of SOD activity vs. ketonic derivatives of OMP level the
regression was positive and significant (r = 0.540, p = 0.021) (Figure 2B). The SOD activity vs.
TAC level regression was significant and reversible, which showed the relationship between
increased TAC level and decreased SOD activity (r =-0.547, p = 0.019) (Figure 2B). The same
results were obtained when regressions were performed on GPx activity (r=-0.489, p=0.039)
(Figure 2C), except in case the GPx activity vs. catalase activity regression was significant and
positive (r = 0.802, p = 0.000) (Figure 2C).

TBARS:Ketonic derivatives of OMP: y = 31.287 + 0.121*x; r = 0.477; p = 0.045; r* = 0.228
TBARS:SOD: y=149.48 + 2.46*x; r = 0.553; p =0.017;r* = 0.306

48 v v v T T g T 450

28
L e Ketonic derivatives of OMP
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22 e : : : : : : : 100

Ketonic derivatives of OMP, nmol-mL™*
Superoxide dismutase (SOD), U-mL™*

10 20 30 40 50 60 70 80 90 100

A TBARS, pmol MDA-L™

Figure 2A  Correlations between oxidative stress biomarkers TBARS level, ketonic derivatives of OMP
level, and SOD activity (A), SOD activity, ketonic derivatives of OMP level, and TAC activity
(B), TAC level, catalase and GPx activity (C) in the equine erythrocyte suspension after in vitro
incubation with Begonia rex leaf extract
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SOD:Ketonic derivatives of OMP: y = 28.603 + 0.031*x; r = 0.540; p = 0.021; r? = 0.291
SOD:TAC: y=61.60 - 0.035%; r=-0.547; p = 0.019; r* = 0.299
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Figure 2B-C Correlations between oxidative stress biomarkers TBARS level, ketonic derivatives of OMP
level, and SOD activity (A), SOD activity, ketonic derivatives of OMP level, and TAC activity
(B), TAC level, catalase and GPx activity (C) in the equine erythrocyte suspension after in vitro
incubation with Begonia rex leaf extract
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This paper demonstrates changes in the oxidative stress biomarkers of equine erythrocytes
incubated with B. rex leaf extract (Figures 1 and 2). Accordingly, our study suggests that
crude extract obtained from B. rex leaves has the effective antioxidant effect after treatment
of equine erythrocytes. Protective effects of B. rex leaf extracts became apparent by
amelioration in antioxidant enzymes‘ activities and the increase of total antioxidant capacity.
The antioxidant defence system was improved concurrence with suppression of aldehydic
and ketonic derivatives of oxidatively modified proteins by treatment of B. rex extract. B. rex
extract showed anti-inflammation effect represented as decreasing on ceruloplasmin level in
the plasma. The pronounced effect of leaf B. rex extract could be attributed to its secondary
metabolites, e.g. polyphenols and flavonoids contents.

Phytochemical constituents in Begonia species are known to be biologically active compounds
and they are responsible for different activities such as antioxidant, antimicrobial, antifungal,
and anticancer (Sureshand Nagarajan, 2009).Ithasbecomeincreasingly clear thatall secondary
metabolite components displayed antioxidant and antimicrobial properties through different
biological mechanisms (Hossain and Nagooru, 2011). Variation in the chemical profile of
extracts could influence their biological activities. Therefore, it was important to know
the chemical composition of extracts to correlate with their antioxidant activities. A study
conducted by Kalpanadevi and Mohan (2012) has shown that the extracts of B. malabarica
Lam. and B. floccifera Bedd. contain higher quantities of phenolic compounds, which exhibit
antioxidant and free radical scavenging activity. Kalpanadevi and Mohan (2012) have
evaluated the total phenolic, flavonoid contents and in vitro antioxidant activity of methanol
extracts of B. malabarica and B. floccifera whole plant. The methanol extracts of whole plants
of B. malabarica and B. floccifera showed potent in vitro antioxidant activities using various
models, i.e. DPPH, hydroxyl, superoxide and ABTS radical scavenging activity. B. malabarica
and B. floccifera whole plant extracts (methanol) exhibited potent in vitro antioxidant activity
in DPPH radical scavenging, hydroxyl radical scavenging, superoxide radical scavenging, ABTS
radical cation scavenging and reducing power in comparison to the known antioxidants,
such as ascorbic acid and Trolox. It was observed that methanol extracts of the whole plant
of B. malabarica had higher activity than that of the whole plant extract of B. floccifera. At
a concentration of 1 mg.mL™, the scavenging activity of methanol extract of the whole plant
of B. malabarica reached 96.14% while at the same concentration, that of the B. floccifera
was 63.51%. At a concentration of 1 mg.mL™”, the scavenging activity of methanol extract
of the whole plant of B. malabarica exhibited higher activity than ascorbic acid. Superoxide
radical scavenging activity of B. malabarica and B. floccifera whole plant extracts was studied
and compared with ascorbic acid. It was observed, that the superoxide radical scavenging
activity of B. malabarica and B. floccifera extracts increased with increasing concentration. At
a concentration of 1 mg.mL, the superoxide radical scavenging activity of methanol extracts
of B. malabarica and B. floccifera were found to be 81.55 and 62.56%, respectively. Among the
studied plant extracts, B. malabarica exhibited higher activity (79.11%) at a concentration of
1 mg.mL ' than Trolox. The reducing power of extracts increased with increase in concentration.
Nevertheless, the reducing power values of the methanol extracts of B. malabarica whole plant
was slightly higher than that of ascorbic acid (Kalpanadevi and Mohan, 2012).
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Preliminary phytochemical screening of B. floccifera and B. malabarica conducted by Ariharan
et al. (2012) showed the presence of a number of bioactive constituents, i.e. vitamin C. The
contents of flavonoids (including glycosides of quercetin and kaempferol), anthocyanins
and ascorbic acid in overground part of plants of 7 species and cultivars of Begonia genus
(B. bahiensis, B. bowerae, B. carolineifolia, B. fischeri, B. heracleifolia, B. ‘Erythrophylld’,
B. ‘Helen Teupel’) were determined by Karpova et al. (2009). The contents of flavonoids were
24-650 mg% of dry weight, including glycosides of quercetin - 3-76 mg%. Kaempferol and
glycosides were detected only in species of section Gireoudia (1.2-5.7 mg%). The contents
of anthocyanins were between 60 and 157 mg%, ascorbic acid - 5-43 mg% of fresh
weight. Studied plants of Begonia can be considered as the sources of biologically active
compounds with antioxidant and antimicrobial activity (Karpova et al. 2009). The results of
the phytochemical screening of the methanolic flower extracts of B. floccifera revealed that
phenol, tannins, xanthoproteins, steroids, tannins, phytosterols, triterpenoids, sapogenins,
coumarins and carbohydrates (Jeeva and Marimuthu Antonisamy, 2012).

Many studies have suggested that plant secondary metabolites obtained from Begoniaceae
representatives are responsible for their antioxidant activity. Literature data confirmed that
extracts from various parts of the Begonia plants exhibited strong antioxidant properties,
effectively deactivating the stable, synthetic DPPH radical (1,1-diphenyl-2-picrylhydrazyl). For
example, Indrakumar et al. (2014) have evaluated the antimicrobial and in vitro antioxidant
potential of extracts of B. dipetala. Antimicrobial activity, DPPH free radical scavenging
activity, Superoxide anion scavenging activity, Nitric oxide scavenging activity, and Ferric
reducing antioxidant power assay were carried out on different concentration of the extracts.
The reducing power assay of ethanolic extract showed a reduction at various concentrations
similar to that of standard ascorbic acid. DPPH scavenging activity of the ethanolic extract
showed the IC, value of 32.34 when compared to that of standard BHT which was 20.3.
Scavenging activity showed IC., Value of 165.45, nitric oxide scavenging activity showed the
IC;, value of 134.20 when compared to that of standard ascorbic acid which was 32.14. The
DPPH radical scavenging activity was higher (93.3%) when the concentration was increased.
The reducing power of the extract increased with the increasing concentration. The in vitro
antioxidant studies clearly indicate that the ethanolic extract of B. dipetala has significant
antioxidant activity (Indrakumar et al., 2014).

The results of the Aswathy et al. (2016) study suggested the health-promoting properties of
anthocyanin in Begonia cultivars (B. heracleifolia Cham. & Schltdl. and B. malabarica Lam. and
three cultivars of B. rex (B. rex ‘Baby Rainbow’ L.H.Bailey, B. rex ‘Black Beauty’ & B. rex ‘Sir
Percy’) in terms of their antioxidant activity, stable over time. Morphologically the cultivars
showed variation among each other and showed variation in anthocyanin content, with the
B. rex ‘Baby Rainbow’ and B. rex ‘Black Beauty’ possessing highest anthocyanin content which
is morphologically distinguishable. Anthocyanin was found to be an effective antioxidant in
different in vitro assays when compared to the standard antioxidants. The extracts of Begonia
may have excellent potential as functional ingredients representing the potential source of
natural antioxidant (Aswathy et al., 2016).
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Methanol and ethyl acetate extract of B. trichocarpa has shown a marked dose-dependent
antioxidant activity in both DPPH free radical scavenging method and Nitric acid scavenging
method in the study of Sindhu et al. (2016). DPPH assay of methanol extract and ethyl acetate
extract shows maximum% inhibition 53.0 and 50.93% at the concentration of 400 ug.mL™
respectively, whereas ascorbic acid exhibit 70.36% and IC,, values were 335.23, 370.74
and 16.84 ug.mL™ respectively. Nitric acid scavenging activity of methanol extract and ethyl
acetate extract shows maximum% inhibition, i.e. 46.53% 27.36% respectively, while ascorbic
acid exhibit 53.34%, IC,. values were found 150.87, 509.16 and ascorbic acid 0.633 ug.mL'l.
Total phenol content of different extracts of B. trichocarpa was estimated; out of this methanol
extracts contain 49.96% of phenol content and 23.71% anthocyanin content present in the
leaf. The antioxidant activity of B. trichocarpa may be due to the high phenol content and the
presence of anthocyanin in the leaf give a supporting evidence for this (Sindhu et al.,, 2016).

The components derived from other species belonging to the Cucurbitaceae family also exert
significant antioxidant activity both in vivo and in vitro study. For example, Arawwawala et al.
(2011) have determined whether aerial parts of Trichosanthes cucumerina extracts can exert
significant antioxidant activity in CCl,-induced toxicity model in rats. The antioxidant activity
of a hot water extract and a cold ethanolic extract of T. cucumerina aerial parts was evaluated
by assessing its (a) radical scavenging ability and prevention effect of lipid peroxidation in
vitro, and (b) effects on lipid peroxidation and antioxidant enzyme activities, in vivo. In vitro
antioxidant assays (DPPH, TBARS, and carotene-linoleic acid assays) clearly demonstrated
the antioxidant potential of T cucumerina aerial parts extract. Moreover, hot water extract
increased SOD activity (by 91.2%) and GPx activity (by 104.4%), while cold ethanolic extract
increased SOD activity (by 115.5%) and GPx (by 96.4%) in CCl,-induced toxicity model in rats.
Treatments with hot water extract and cold ethanolic extract prevented the accumulation of
lipid peroxidation products by 30.5 and 33.8%, respectively, in liver tissues compared to the
rats exposed only to CCl, (Arawwawala et al., 2011).

Melon (Cucumis melo L.) concentrate exhibits an antioxidant capacity partly due to its high
level of SOD activity, maybe in conjunction with other antioxidant compounds present in this
melon extract associated with a relevant angiotensin 1-converting enzyme-inhibitory activity.
Carillonetal.(2012) haveassayed invitrothe antioxidant capacity and angiotensin 1-converting
enzyme (ACE) inhibitory activity of a melon concentrate rich in superoxide dismutase. The
total antioxidant capacity (TAC) was measured by the Trolox equivalent antioxidant capacity
assay (TEAC), the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical assay, and the ferric reducing
antioxidant power assay (FRAP). The ability of the extract to scavenge three specific reactive
oxygen species [superoxide radical anion (0,’), hydroxyl radical (HO") and hydrogen peroxide
(H,0,)] was also investigated in order to better evaluate its antioxidant properties. Even if the
measures of TAC were relatively low, results clearly established an antioxidant potential of
SOD-Melon concentrate that exhibited the highest radical-scavenging activity towards, with
an IC, 12-fold lower than that of H,0, or HO-. This lets the hypothesis that the antioxidant
potential of SOD-Melon concentrates could be mainly due to its high level of SOD (Carillon et
al,, 2012).
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Chen et al. (2014) have delineated the antioxidant activity of Radix Trichosanthis (RT), the dry
root tuber of Trichosanthis kirilowii Maxim (Cucurbitaceae) both in vitro and in vivo models
by using ethyl acetate (EtOAc), n-butanol, and the mixture of n-butanol and EtOAc fractions.
The in vitro antioxidant activity was detected by using DPPH free radical, hydrogen peroxide
scavenging, and reducing power assays. After pretreatment with different fractions saponins
at 2 and 3 mg.kg!/d of crude drug, respectively, an established CCl , induced acute cytotoxicity
model was used to evaluate the in vivo antioxidant potential by detection of superoxide
dismutase (SOD), malonaldehyde (MDA), lactate dehydrogenase (LDH), and total antioxidant
capacity (T-AOC) levels. The in vitro assay showed that the antioxidant activity of all the three
fractions was promising. The reducing power of the EtOAc and the mixture of n-butanol and
EtOAc extracts increased in a dose-dependent manner. As for hydrogen peroxide scavenging
capability, the n-butanol fraction mainly demonstrated a time-dependent manner, whereas
the EtOAc fraction showed a dose-dependent manner. However, in case of in vivo assay, an
increase of SOD and T-AOC and the decrease of MDA and LDH levels were only observed in
n-butanol (2 mgkg™/d of crude drug) extracts pretreatment group. RT saponins in n-butanol
fraction might be a potential antioxidant candidate, as CCl,-induced oxidative stress has been
found to be alleviated, which may be associated with the time-dependent manner of n-butanol
saponins in a low dose (Chen et al.,, 2014).

Conclusions

The results of this research indicated that crude extract obtained from B. rex leaves has
the effective antioxidant effect after treatment of a suspension of equine erythrocytes
lysed. Protective effect of B. rex extract is evident by amelioration in antioxidant enzymes’
activities and the increase of total antioxidant capacity. The antioxidant defencse system was
improved concurrence with suppression of aldehydic and ketonic derivatives of oxidatively
modified proteins by treatment of B. rex extract. B. rex extract showed anti-inflammation
effect exhibited as decreasing of ceruloplasmin level in the plasma. The pronounced effect
of B. rex leaf extract, probably, could be attributed to its secondary metabolites content, e.g.
polyphenols and flavonoids contents. Finally, further investigation is necessary to reveal the
exact cellular mechanisms of the effect of B. rex extract on the erythrocyte function. These in
vitro assays indicate that plant extract screened is a significant source of natural antioxidant,
which might be helpful in preventing the progress of various oxidative stresses. In addition,
suspension of equine erythrocytes lysed is a sensitive assay applied to detect the antioxidant
effect of leaf extract obtained from Begonia rex Putz. on oxidative stress biomarkers. However,
the components responsible for the antioxidative activity of B. rex extract is currently unclear.
Therefore, further investigations need to be carried out to isolate and identify the antioxidant
compounds present in the plant extract.
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The goal of this study was to assess in vitro the effect of buffer extract obtained from leaves of
Sansevieria caulescens N.E.Br. on the 2-thiobarbituric acid reactive substances (TBARS) as lipid
peroxidation biomarker, aldehydic and ketonic derivatives of oxidatively modified proteins, and total
antioxidant capacity (TAC) in the muscle tissue of the rainbow trout. Our study suggests that the leaf
S. caulescens extract have shown good antioxidant potential in vitro study after incubation with muscle
tissue homogenate of rainbow trout. There were no significant changes for TBARS level as biomarker
of lipid peroxidation, aldehydic and ketonic derivatives of oxidatively modified proteins between values
in control group and in the muscle tissue of rainbow trout after incubation with extracts from leaves of
S. caulescens. Our results showed that extract of S. caulescens efficiently increased the total antioxidant
capacity in muscle tissue by 46.6% (p <0.05) due to inhibited the Fe?*/ascorbate-induced oxidation
of Tween 80, resulting in a decrease in the TBARS level. Taking into account existing experimental
evidence, it is reasonable to assume that secondary plant metabolites, i.e. polyphenolic compounds in
the extract of S. caulescens may contribute to the antioxidant activity. Further studies including both
the use of other medicinal plants as food additives in aquaculture and the assessment of its antioxidant
effects on various tissues are in progress.

Keywords: rainbow trout (Oncorhynchus mykiss), Sansevieria caulescens N.E.Br., 2-thiobarbituric acid
reactive substances (TBARS), aldehydic and ketonic derivatives of oxidatively modified
proteins, total antioxidant capacity

Introduction

The fishery is a source of income and social development, particularly in developing countries,
playing a great role in food security and livelihood (FAO, 2016). Huge loss of production in
aquaculture is occurring because of many reasons. Studies showed that almost fifty percent of
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production loss is because of diseases which are more severe in developing countries (Assefa
et al, 2018). In recent years, to develop the alternative practices for disease management in
aquaculture, attention was diverted to find novel drugs. Biological and chemical disease control
strategies such as using probiotics, prebiotics, and medicinal plants are widely in use. Plant
product application in aquaculture for disease control is one of the promising alternatives
to antibiotics (Assefa et al.,, 2018). Plant-derived compounds act as a better antibacterial,
antiviral, immunostimulant and antistress effect in fish and shellfish aquaculture (Anusha et
al,, 2014). Use of herbal therapy within animal production, as well as in the diet of commercial
fishes has shown promise, in that it is natural and biodegradable and has antimicrobial activity
against various pathogens, including those relating to fish (Valladao et al., 2015). The herbals
having the characteristics of immunostimulants been able to increase the survival and reduce
the pathogenic load against pathogenic challenge by improving the immune system in fishes
(Anusha et al,, 2014). On the other hand, many plant-derived compounds and medicinal plant
products have been found to have non-specific immunostimulating properties in animals,
of which more than a dozen have been evaluated in fin and shellfishes and, specifically, to
prevent and control fish diseases (Galina et al., 2009). However, applying a new component
as a drug in the fish diet requires more research on the effects on the physiological and health
status of animals. Undoubtedly, a healthy diet is an important factor in the prevention of
widespread various diseases in aquaculture. Therefore, the study of diet components such as
dietary supplements, particularly drugs, is essential (Banaee et al., 2011).

Considering thatalmostall fish produced from aquaculture is for human consumption, residual
drugs in fish products can affect people who consume them, and antimicrobials released into
aquatic environments can select for resistant bacteria. Moreover, these antimicrobial-resistant
bacteria, or their resistance genes, can be transferred to humans (Park et al,, 2012).

In this study, attention was focused on Sansevieria Thunb., a genus with diverse ethnobotanical
uses in its geographical distribution range, which occupies an important place among plant
genera applied for treatment of a broad spectrum of diseases and disorders (Watt and Breyer-
Brandwijk, 1962; Chhabra et al., 1987; Khalumba et al., 2005; Staples and Herbst, 2005;
Kiringe, 2006; Owuor and Kisangau, 2006; Takawira-Nyenya et al., 2014). Our previous study
(Buyun et al., 2016; Tkachenko et al., 2017) have highlighted the antibacterial capacity of ten
species of Sansevieria genus against Staphylococcus aureus. These plants have been screened
in order to validate scientifically the inhibitory activity for microbial growth attributed to their
popular use and to propose new sources of antimicrobial agents. The leaves of Sansevieria
canaliculata Carriére, S. trifasciata Prain, S. cylindrica Bojer ex Hook., S. parva N.E.Br. (syn.
S. dooneri N.E.Br.), S. fischeri (Baker) Marais, S. kirkii Baker, S. aethiopica Thunb., S. metallica
Gérdome & Labroy, S. caulescens N.E.Br,, S. francisii Chahin were used. Our results proved that
the zones of inhibition ranged from 16 to 34 mm. Extracts from the leaves of S. fischeri and
S. francisii were particularly active against tested organism (inhibition zones comprise up to
34 mm in diameter). This was followed by the activities of extracts from the S. parva, S. kirkii,
S. aethiopica, S. caulescens, S. metallica leaves (diameters of inhibition zones ranged from 25 to
31 mm). The ethanolic extracts of S. canaliculata and S. trifasciata showed less antimicrobial
activities (diameters of inhibition zones ranged between 16 and 16.5 mm). The results
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proved that the ethanolic extracts from S. fischeri, S. francisii, S. parva, S. kirkii, S. aethiopica,
S. caulescens, S. metallica exhibit a favorable antibacterial activity against S. aureus (Buyun et
al,, 2016; Tkachenko et al., 2017).

In our previous study, we also studied the antioxidant activity of extracts obtained from leaves
of selected species from Sansevieria species against oxidative stress using equine erythrocyte
suspension (Tkachenko et al., 2017). When erythrocytes were incubated with leaf extracts of
various species from Sansevieria genus, the aldehydic derivatives level was significantly reduced
by 13.6% (p <0.05) for S. forskaliana extract. Moreover, all extracts (except S. francisii extract)
reduced the formation of intracellular aldehydic derivatives of oxidatively modified proteins
(OMP) in the extracts-treated erythrocytes, but these results were non-significant. Treatment by
extracts of various Sansevieria species reduced the concentration of ketonic derivatives of OMP
when compared to untreated erythrocytes. The most potent effect was demonstrated by the
S. canaliculata, S. forskaliana, S. aethiopica, S. cylindrica, S. metallica, S. hyacinthoides, and S. kirkii
compared to control samples (phosphate buffer) (16.1, 14.7, 13.4, 12.9, 12.9, 12.7, 12.1%,
respectively). However, there were no significant changes in other extracts. The experimental
evidence obtained in our previous study indicated that various species of Sansevieria genus
are a rich source of compounds that manifest antioxidant activity and can effectively protect
erythrocytes against oxidative-induced damage. Thus, S. canaliculata, S. forskaliana, S. aethiopica,
S. c¢ylindrica, S. metallica, S. hyacinthoides, and S. kirkii may be a valuable source of natural
antioxidants that may potentially be recommended for applications in medicine and veterinary
practice. According to the above-mentioned antioxidant mechanisms, extracts of various species
from Sansevieria genus may inhibit the formation of protein carbonyl by scavenging free radicals
formed in vitro. According to many supporting documents, it can be assumed that secondary
plant metabolites, i.e. polyphenolic compounds in extracts of various species from Sansevieria
genus extract may contribute to the antioxidant activity (Tkachenko et al., 2017).

Although antimicrobial activities of extracts obtained from the leaves of various species of
Sansevieria genus were investigated so far (Aliero et al., 2008; Sheela et al., 2012; Kingsley
etal,, 2013; Buyun et al,, 2016, 2017; Tkachenko et al., 2017), there is still much work to do,
because studies regarding their total antioxidant defences as well as assessment of marker
of lipid peroxidation under in vitro incubation with the muscle tissue of the rainbow trout
(Oncorhynchus mykiss Walbaum) have not been undertaken yet.

Consequently, the aim of this study was to evaluate in vitro the effect of buffer extract obtained
from leaves of Sansevieria caulescens on the 2-thiobarbituric acid reactive substances (TBARS)
as lipid peroxidation biomarker, aldehydic and ketonic derivatives of oxidatively modified
proteins, and total antioxidant capacity in the muscle tissue of the rainbow trout.

Materials and methodology

Collection of plant material

The leaves of Sansevieria caulescens plants, cultivated under glasshouse conditions, were
sampled at M.M. Gryshko National Botanic Garden (NBG), National Academy of Science of
Ukraine (Figure 1).
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Figure 1 General view of Sansevieria caulescens N.E.Br. plant (Photo by Myroslava Maryniuk)

Preparation of plant extract

Freshly collected leaves were washed, weighted, crushed, and homogenized in 0.1M phosphate
buffer (pH 7.4) (in proportion 1: 19, w/w) at room temperature. The extract was then filtered
and investigated for its antioxidant capacity. The extract was stored at -20 °C until use.

Experimental fish

Clinically healthy rainbow trout with a mean body mass of 80-120 g were used in the
experiments. The experiments were performed in water at 14.5 0.5 °C and pH 7.2-7.4. The
dissolved oxygen level was about 9 ppm with additional oxygen supply, with a water flow
of 25 L.min™, and a photoperiod of 12 h per day. The same experimental conditions were
used during the whole research. The water parameters were maintained under constant
surveillance. The fish were held in square tanks (150 fish per tank) and fed commercial
pelleted diet.

Muscle tissue samples

The muscle tissue samples were homogenized in ice-cold buffer (100 mM Tris-HCI, pH 7.2)
using a glass homogenizer immersed in an ice water bath. Homogenates were centrifuged
at 3000 g for 15 min at 4 °C. After centrifugation, the supernatant was collected and frozen
at -20 °C until analyzed. All enzymatic assays were carried out at 22 0.5 °C using a Specol
11 spectrophotometer (Carl Zeiss Jena, Germany) in duplicate. The reactions were started by
adding the tissue supernatant.
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Experimental design

The supernatant of the muscle tissue was used to incubate with S. caulescens extract (in a ratio
of 19 : 1) at room temperature. The control group (trout muscle tissue) was incubated with
100 mM Tris-HCI buffer (pH 7.2) (in a ratio 19:1). The incubation time was 2 hours. Oxidative
stress biomarkers were studied in the incubated homogenate (control group and in samples
with extract).

Determination of 2-thiobarbituric acid reactive substances (TBARS)

The level of lipid peroxidation was determined by quantifying the concentration of TBARS by
Kamyshnikov (2004) for determining the malonic dialdehyde (MDA) concentration. Briefly,
2.1 mL of sample homogenate was added to 1 mL of 0.8% of 2-thiobarbituric acid (TBA), and
1 mL of 20% of trichloroacetic acid (TCA). The mixture was heated in a boiling water bath for
10 min. After cooling, the mixture was centrifuged at 3000 g for 10 min. The absorbance of the
supernatant was measured at 540 nm. The concentration of MDA (nmol.mg™ of protein) was
calculated using 1.56 10° mM™ cm™ as the extinction coefficient.

The carbonyl derivatives content of protein oxidative modification (OMP) assay

To evaluate the protective effects of the extract against free radical-induced protein damage,
a carbonyl derivatives content of protein oxidative modification (OMP) assay based on the
spectrophotometric measurement of aldehydic and ketonic derivatives in the samples was
performed. The rate of protein oxidative destruction was estimated from the reaction of
the resultant carbonyl derivatives of amino acid reaction with 2,4-dinitrophenylhydrazine
(DNFH) as described by Levine and co-workers (1990) and as modified by Dubinina and
co-workers (1995). DNFH was used for determining carbonyl content in soluble and insoluble
proteins. Briefly, 1 mL of 0.1M DNPH (dissolved in 2M HCl) was added to 0.1 mL of the sample
after denaturation of proteins by 20% trichloroacetic acid (TCA). After addition of the DNPH
solution (or 2M HCI to the blanks), the tubes were incubated for a period of 1 h at 37 °C. The
tubes were spun in a centrifuge for 20 min at 3000 g. After centrifugation, the supernatant
was decanted and 1 mL of ethanol-ethylacetate solution was added to each tube. Following the
mechanical disruption of the pellet, the tubes were allowed to stand for 10 min and then spun
again (20 min at 3000 g). The supernatant was decanted and the pellet washed thrice with
ethanol-ethylacetate. After the final wash, the protein was solubilized in 2.5 mL of 8M urea
solution. To speed up the solubilization process, the samples were incubated in a 90 °C water
bath for 10-15 min. The final solution was centrifuged to remove any insoluble material. The
carbonyl content was calculated from the absorbance measurement at 370 nm and 430 nm,
and an absorption coefficient 22.000 M*-cm™. Carbonyl groups (nmol per mg of protein) were
determined spectrophotometrically from the difference in absorbance at 370 nm (aldehyde
derivatives, OMP,.) and 430 nm (ketonic derivatives, OMP,, ).

Measurement of total antioxidant capacity (TAC)

The TAC level in the sample was estimated by measuring the 2-thiobarbituric acid
reactive substances (TBARS) level after Tween 80 oxidation. This level was determined
spectrophotometrically at 532 nm (Galaktionova et al., 1998). Sample inhibits the Fe®*/
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ascorbate-induced oxidation of Tween 80, resulting in a decrease in the TBARS level. Briefly,
0.1 mL of sample was added to 2 mL of 1% Tween 80 reagent, 0.2 mL of 1 mM FeSO,, and
0.2 mL of 10 mM ascorbic acid. In the blank assay, 0.1 mL of distilled water was used instead of
the sample. The mixture was heated in a water bath for 48 hrs at 37 °C. After cooling, 1 mL of
20% trichloroacetic acid was added. The mixture was centrifuged at 3000 g for 10 min. After
centrifugation, 2 mL of supernatant and 2 mL of 0.25% 2-thiobarbituric acid were mixed.
The mixture was heated in a water bath at 95 °C for 15 min. The absorbance of the obtained
solution was measured at 532 nm. The absorbance of the blank was defined as 100%. The
level of TAC in the sample (%) was calculated with respect to the absorbance of the blank
sample.

Statistical analysis

The mean * S.E.M. values were calculated for each group to determine the significance of the
intergroup difference. All variables were tested for normal distribution using the Kolmogorov-
Smirnov and Lilliefors test (p >0.05). The significance of differences (significance level,
p <0.05) was examined using the Mann-Whitney U test (Zar, 1999). All statistical calculation
was performed on separate data from each individual with STATISTICA 8.0 software (StatSoft,
Krakow, Poland).

Results and discussion

In a present study, we have studied the influence of extracts derived from leaves of S. caulescens
on the TBARS level as biomarker of lipid peroxidation, aldehydic and ketonic derivatives
of oxidatively modified proteins and the total antioxidant capacity in the muscle tissue of
rainbow trout after incubation with extract obtained from leaves of S. caulescens in in vitro
culture. There were no significant changes for TBARS level between the value in the control
group and in the muscle tissue of rainbow trout after incubation with extracts derived from
leaves of S. caulescens (Figure 2).

It is considered that disturbed levels of reactive oxygen species (ROS) contribute to the
pathology of many disorders and diseases. ROS and oxidative stress may cause cellular damage
by directly and irreversibly damaging macromolecules such as proteins, membrane lipids,
and DNA; another major cellular consequence of reactive oxygen species is the reversible
modification of protein thiol side chains that may affect many aspects of molecular function
(Terrill etal., 2013). The redox dysregulation and ROS do not just beget further reactive species
butalso drive antioxidant protein expression. The redox-regulated antioxidant response offers
the possibility of controlling the extent of ROS available to damage proteins and to restore the
intracellular redox potential (Griffiths et al., 2014). In our study, the level of aldehydic and
ketonic derivatives of oxidatively modified proteins was non-significantly changed in muscle
samples incubated with an extract obtained from the leaves of S. caulescens (Figure 2).

The total antioxidant capacity (TAC) is determines the ability of a tested material to neutralize
oxygen-free radical specific form, irrespectively to the specific antioxidant activity of present
antioxidants (Wang et al., 1997). Our results showed that extract of S. caulescens efficiently
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increased the TAClevel in muscle tissue by 46.6% (p <0.05) due to inhibited the Fe?* /ascorbate-
induced oxidation of Tween 80, resulting in a decrease in the TBARS level (Figure 2).
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Figure 2 The level of 2-thiobarbituric acid reactive substances (TBARS), aldehydic and ketonic
derivatives of oxidatively modified proteins and total antioxidant capacity in the muscle
tissue of rainbow trout after incubation with extracts from leaves of Sansevieria caulescens
(M +m,n=38)

* the changes are statistically significant (p <0.05) compared to the control group

We suggested that high TAC value of muscle tissue is the result of a high content of by-products,
i.e. alkaloids, flavonoids, saponins, glycosides, terpenoids, tannins, proteins, carbohydrates
etc. in S. caulescens. The antioxidant activities of most plant extracts can be traced to these
bioactive constituents. For instance, various compounds belonging to the terpenoid and
flavonoid groups are known to be biologically active (Grassmann, 2005; Gonzalez-Burgos and
Gomez-Serranillos, 2012; Bartikova et al.,, 2014). Due to their antioxidant behaviour terpenes
have been shown to provide relevant protection under oxidative stress conditions in different
diseases including liver, renal, neurodegenerative and cardiovascular diseases, cancer,
diabetes as well as in ageing processes (Gonzalez-Burgos and Goémez-Serranillos, 2012). The
existing data indicate that monoterpenes and diterpenes, which are the main components
of essential oils, act as allelopathic agents, attractants in plant-plant or plant-pathogen/
herbivore interactions or repellants (Grassmann, 2005). Moreover, many sesquiterpenes
biological activities (anti-inflammatory, antiparasitic and anti-carcinogenic activities) are
based on antioxidant or pro-oxidant actions of sesquiterpenes. Structure, concentration,
metabolism as well as the type of cells determine if sesquiterpene acts as anti-oxidant or
pro-oxidant (Bartikova et al., 2014). On the other hand, the natural flavones, as well as some of
their synthetic derivatives, have been shown to exhibit several biological activities, including
antioxidant, anti-inflammatory, antitumor, anti-allergic, neuroprotective, cardioprotective
and antimicrobial (Catarino etal., 2015). Also, flavonoids are found to have an effect on several
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mammalian enzymes like protein kinases that regulate multiple cell signalling pathways and
alterations in multiple cellular signalling pathways are frequently found in many diseases
(Singh et al,, 2014). Some flavones interfere in distinct oxidative-stress related events by
directly reducing the levels of intracellular free radicals (hydroxyl, superoxide and nitric
oxide) and/or of reactive species (e.g. hydrogen peroxide, peroxynitrite and hypochlorous
acid) thus preventing their amplification and the consequent damage of other biomolecules
such aslipids, proteins and DNA (Catarino et al., 2015). Flavones and flavonols re-establish the
redox regulation of proteins, transcription factors and signalling cascades that are otherwise
inhibited by elevated oxidative stress (Dajas et al., 2013). Flavones can also hinder the activity
of central free radical-producing enzymes, such as xanthine oxidase and nicotinamide adenine
dinucleotide phosphate oxidase (NADPH-oxidase) or inducible nitric oxide synthase (iNOS)
and can even modulate the intracellular levels of pro-oxidant and/or antioxidant enzymes
(Catarino et al., 2015).

Indeed, the study of S. roxburghiana and S. trifasciata has revealed the presence of important
compounds which were separated by thin layer chromatography (Kingsley et al., 2013).
Preliminary phytochemical screening of the extracts of S. trifasciata plant showed the
presence of alkaloids, flavonoids, saponins, glycosides, terpenoids, tannins, proteins and
carbohydrates (Anbu et al., 2009). Additionally, the methanolic extract of the whole plant of
S. trifasciata has yielded 12 steroidal saponins, 10 of which are new constituents (Mimaki
et al,, 1996). Phytochemical analysis of the whole plant of S. trifasciata has resulted in the
isolation of four new pregnane glycosides (Mimaki et al., 1997). Gas chromatographic analysis
of the leaves revealed the presence of alkaloids, allicins, glycosides, and saponins (Ikewuchi
et al.,, 2011). Pettit et al. (2005) have isolated three new spirostanol saponins designated
sansevierin A (1), sansevistatin 1 (2), and sansevistatin 2 (3) (10°% yield) from the CH,OH-
CH,Cl, extract of S. ehrenbergii, accompanied by three known steroidal saponins (4-6),
using bioactivity-directed isolation procedures. Each of the saponins was evaluated against
the P388 lymphocytic leukemia cell line and a panel of human cancer cell lines. Except for
1, all were found to cause inhibition of cancer cell growth. In addition, most of the saponins
exhibited antimicrobial activity, particularly against the pathogenic fungi Candida albicans
and Cryptococcus neoformans (Pettit et al., 2005). In addition, a new steroidal saponin from
the leaves of S. cylindrica was isolated by Da Silva Antunes et al. (2003). The steroidal saponin
showed no hemolytic effects in the in vitro assays and demonstrated inhibition of the capillary
permeability activity (Da Silva Antunes et al., 2003). Accumulated evidence suggests that
saponins have significant neuroprotective effects on attenuation of central nervous system
disorders, such as stroke, Alzheimer‘s disease, Parkinson's disease, and Huntington’s disease
due to mechanisms of their neuroprotective function including antioxidant, modulation of
neurotransmitters, anti-apoptosis, anti-inflammation, attenuating Ca®* influx, modulating
neurotrophic factors, inhibiting tau phosphorylation, and regeneration of neural networks
(Sun et al.,, 2015).

Our study is in agreement with results obtained by other researchers. They have revealed
hypoglycemic, hypolipidemic, immune-modulating, anti-inflammatory, ocular-, hepato-renal
and cardio-protective potentials of other species of Sansevieria genus. Chigozie and Chidinma
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(2013) have investigated the ability of an aqueous extract of the leaves of S. liberica to alter
the hematology, plasma biochemistry and ocular indices of oxidative stress in alloxan-induced
diabetic rats. Diabetes mellitus was induced by injection of alloxan (80 mg.kg body weight),
via the tail vein. The extract was administered orally at 100, 200 and 300 mg.kg™ body weight
(both to normal and diabetic rats), and metformin at 50 mgkg™ body weight. Compared
to test control, the treatment dose-dependently, significantly lowered (p <0.05) ocular
malondialdehyde content, atherogenic indices, red cell, total white cell and lymphocyte counts,
mean cell hemoglobin concentration; and plasma levels of glucose, triglyceride, total-, very low
density lipoprotein-, low density lipoprotein- and non-high density lipoprotein cholesterols,
total, conjugated and unconjugated bilirubin, sodium, urea, blood urea nitrogen, as well as
plasma activities of alkaline phosphatase, alanine and aspartate transaminases. However,
the treatment significantly increased (p <0.05) hematocrit, hemoglobin concentration,
mean cell hemoglobin, and mean cell volume, neutrophil and monocyte counts, and plasma
levels of high density lipoprotein cholesterol, potassium, chloride, calcium, bicarbonate and
total protein, ocular ascorbic acid content and ocular activities of catalase and superoxide
dismutase (Chigozie and Chidinma, 2013).

The leaves of S. liberica also possess anti-inflammatory effects. Chinasa et al. (2011) have
evaluated the anti-inflammatory property of the leaves of S. liberica and to ascertain the
toxicity and phytochemical profiles of the extract of the leaves. The crude extract was then
fractionated into n-hexane fraction (HF), chloroform fraction (CF), ethyl acetate fraction
(EF) and methanol fraction (MF). The crude extract and the fractions were screened for anti-
inflammatory activity using egg albumen-induced paw (systemic) edema in rats as a measure
of acute inflammation. The crude extract and the fractions significantly (p <0.05) inhibited
the development of paw edema induced by egg albumen in rats. The potency/activity of
the crude extract and the fractions increased in the order HF > CE > MF > CF > EF, with the
crude extract and HF at 400 mg.kg" exhibiting inhibition comparable to that obtained with
5 mgkg” diclofenac sodium. Phytochemical screening of the crude extract and the fractions
showed the presence of various bioactive substances such as alkaloids, saponins, flavonoids,
terpenoids, steroids, glycosides, reducing sugars, tannins, resins, carbohydrates, proteins,
acidic compounds, fats and oils (Chinasa et al., 2011).

The extract of the whole plant part of S. roxburghiana might possess some chemical
constituents that are responsible for analgesic, cytotoxic and antioxidant activities.
Roy et al. (2012) have investigated the crude methanolic extract of the whole plant part
of S. roxburghiana and the possibility of analgesic, cytotoxic and antioxidant activities. The
analgesic activity was assessed by acetic acid induced writhing test in mice. The cytotoxic activity
was evaluated by brine shrimp lethality bioassay while the antioxidant effect was measured by
1, 1-diphenyl-2-picrylhydrazyl-hydrate (DPPH) free radical scavenging assay. The ethyl acetate
soluble fraction of the crude extract was found to have significant (p <0.001) analgesic activity
at the oral dose of 100 mg.kg™ body weight. The crude methanolic extract along with its all
partitions revealed mild to moderate free radical scavenging activity (Roy et al., 2012).

Oxidative stress is considered to be an important component of various diseases. Identifying
markers of oxidative stress has been the focus of many researchers as they have the potential
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to act as an “integrator” of a multitude of processes that drive various kind of pathobiology
(Hoetal, 2013). Therefore, in our opinion, any research assessing the biomarkers of oxidative
stress has fundamental importance for the treatment of various diseases and disorders. On
the other hand, plants with antioxidant potential may offer alternative therapeutic agents in
the aquaculture industry.

Conclusions

Our study suggests that the S. caulescens leaf extract has shown good antioxidant potential
in vitro study after incubation with muscle tissue homogenate of rainbow trout. There were
no significant changes for TBARS level as biomarker of lipid peroxidation, aldehydic and
ketonic derivatives of oxidatively modified proteins between values in control group and in
the muscle tissue of rainbow trout after incubation with extracts from leaves of S. caulescens.
Nevertheless, our results showed that extract of S. caulescens efficiently increased the total
antioxidant capacity in muscle tissue by 46.6% (p <0.05) due to inhibited the Fe?** /ascorbate-
induced oxidation of Tween 80, resulting in a decrease in the TBARS level. Taking into account
existing experimental evidence, it is reasonable to assume that secondary plant metabolites,
i.e. polyphenolic compounds in the extract of S. caulescens may contribute to the antioxidant
activity. In conclusion, the results of this study provide a new perspective on the use of various
Sansevieria species as a medicinal plant to improve the antioxidant response of rainbow trout.
Further studies including the use of other medicinal plants as food additives in aquaculture,
the assessment of its antioxidant effects on various tissues are in progress. Finally, research
needs to be focused on subjecting fish to these compounds to determine their effectiveness,
stability, and impact both on the host and on the environment.
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Glandular trichomes are important taxonomic characters in the Lamiaceae family. The objects of our
investigations were plants of Lamiaceae family collected from the experimental base of Institute of
Rice of the National Academy of Agrarian Sciences (Plodove, Ukraine). Fresh leaves were collected
for the morphological analyse. The dimensions of glands (diameter in pum) were measured using of
macroscope Discovery V12 Carl Zeiss at the Institute of Biodiversity Conservation and Biosafety of the
Slovak University of Agriculture in Nitra (Slovakia). Peltate glandular trichomes with essential oil are
localized on the adaxial and abaxial leaf surfaces. Their size on the adaxial and abaxial leaf sides is
different. The diameter of trichomes on the adaxial and abaxial side of leaves was 65.70 and 61.41
(Nepeta transcaucasica Grossh.), 70.10 and 74.54 (Salvia officinalis L.), 72.02 and 67.39 (Monarda
fistulosa L.), 80.53 and 85.11 (Ocimum basilicum L.), 94.35 and 105.12 (Satureja montana L.), 95.11
and 60.37 (Thymus serpyllum L.), 96.48 and 90.57 (Thymus vulgaris L.), 106.88 and 107.69 (Hyssopus
officinalis L.), 110.61 and 88.22 (Hyssopus angustifolius Bieb.), respectively. It was noted that the leaf
adaxial side of Salvia sclarea L. had no glandular trichomes of lamiaceous type at all but on an abaxial
side of leaves only with the diameter 96.47 um. The tested plant species showed significant differences
in size and colour of peltate glandular trichomes producing essential oils. This difference can be used
during macroscopic analysis of herbal substances. Aromatic plants that were grown in Steppe zone of
South Ukraine are perspective plants because of presence a well-generated excretory system which
contains essential oils.
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Introduction

Medicinal herbs producing essential oils are economically important for food, pharmacy
and cosmetics industry (Mashanov et al., 1988, Shanaida et al., 2018). Therefore, there are
many teams oriented on the experimental study of these species (Nesterenko et al., 1937;
Muhortova etal., 1973; Simonov et al., 1987; Hlypenko et al., 1987; Rabotyagov and Korsakova,
2000; Kovtun-Vodyanytska, 2017). Species investigation is often focused on cultivation
environment and plant ontogenesis effects on physiological /biochemical processes leading to
synthesis and production of essential oils (Korsakova, 1998; Mishurova, 1991; Scharapov et
al. 1987; Svidenko a Rabotyagov, 2000). Many medicinal plants differ in amounts of essential
oil produced by stalks, leaves, inflorescences and in structure, localization and density of
glandular trichomes. Inflorescences and leaves produce the highest amount of ether oils
(Svidenko, 1999). It is generally accepted that essential oils are formed in unicellular or
multicellular glandular trichomes (peltate and capitate ones) of some members of Lamiaceae
Martinov (Baran et al.,, 2010). According to the European Pharmacopeia, peltate glandular
trichomes in members of the Lamiaceae family are also named as secretory trichomes of
lamiaceous type or glandular trichomes of the lamiaceous type consisting of epidermal cells,
a short stalk cell and a multicellular head (European pharmacopoeia, 2016). In the Lamiaceae
family, the morphology, distribution and frequency of glandular trichomes are employed as
discriminative characters at subfamily level (Baran et al,, 2010, Atalay et al.,, 2016,). Most of
the aromatic genera are in the subfamily Nepetoidae (Baran et al., 2010). As a rule, peltate
glandular trichomes have a small, rounded, unicellular stalk and a globular or ovoid head
composed of 4, 8 or 12 radiating cells with a raised common cuticle (Baran et al,, 2010;
Kahraman, 2010; European pharmacopoeia, 2016). Sometimes, a head can even contain 4-8
or 14-18 cells (Marin et al,, 2012; Atalay et al,, 2016; Shanaida, 2016). A large secretory head
usually comprises 1, 2, 4 central cells and 4, 6, 8-10 or 6-14 peripheral cells arranged in
one-two concentric circles (Baran et al., 2010; Kahraman, 2010; Atalay et al., 2016). There is
a confirmation of the relation between the number and size of glands and amount of produced
oils by given plant part. Currently, it is proved that the synthesis and accumulation of essential
oils basically take place in glandular cells (Malankina, 2007). There are number of studies on
trichome morphology of the Lamiaceae family (Serrato-Valenti et al., 1997; Corsi and Bottega,
1999; Kaya et al., 2003; Krstic et al., 2006; Kamatou et al., 2007; Bagherpour et al,, 2010;
Kahraman et al,, 2010; Seyedi and Salmaki, 2015; Atalay et al., 2016), which confirmed, that
the presence of trichomes, their structure and localization character are diagnostic features of
taxons and have a significant value in pharmacognosy practice (Shanaida, 2016). Kondratenko
(1975) determined the direct correlation between the specialized glands number and the
essential oils production in the experiments with the species Thymus vulgaris L. adaptability
and mutation variability. Based on breeding activities, Rabotyagov (1983) elaborated a model
oflavender productivity, documenting the dependence of essential oils production by plant on
the number of flowers and amount of glands on plant parts. In spite of the above-mentioned
information, there is still a lack of the knowledge of inter-species and intra-species differences
as well as the numbers and size of plant glands in some species of the Lamiaceae family.
Hence, our experimental activities were oriented on variability study of glandular trichomes
dimensions of the lamiaceous type some species of Lamiaceae family.
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Material and methodology

Locating plants and data collection

Plant material collected from the experimental base of Institute of Rice of the National
Academy of Agrarian Sciences (Plodove, Ukraine) and fresh leaves were collected for the
morphological analyses. Microscopic study of localization glandular trichomes producing
essential oil was conducted at the Institute of Biodiversity Conservation and Biosafety at
Slovak University of Agriculture in Nitra (Slovakia). The size of glands occurring on leaves
was experimentally evaluated for 10 selected species: Thymus vulgaris L., Thymus serpyllum
L., Hyssopus angustifolius Bieb., Hyssopus officinalis L., Satureja montana L., Salvia officinalis L.,
Salvia sclarea L., Monarda fistulosa L., Ocimum basilicum L., and Nepeta transcaucasica Grossh.
Plant samples were collected between 2015-2016.

Morphometric characters

The dimensions of glands (diameter in um) were measured on leaves using of macroscope
Discovery V12 Carl Zeiss. 5 plant leaves were investigated from every species. 25 measuring
were conducted on every side of the leaf. Summarizing whole study, 1250 measurements
were conducted.

Statistical analyses

Basic statistical analyses were performed using PAST 2.17; hierarchical cluster analyses of
similarity between species were computed on the basis of the Bray-Curtis similarity index.

Results and discussion

Glandular trichomes are important taxonomic characters in the Lamiaceae family (Xiang
et al,, 2010). Significant differences were detected in numbers, shape and colour of peltate
glandular trichomes (Figure 1). The colour of these trichomes of different plant species varied
from transparent to light-yellow or from transparent to red-brown, which depends on the
stage of trichome growth. The colour of secretory trichomes of lamiaceous type could be used
as an additional tool at carrying out macroscopic pharmacognostic analysis.

Our study confirmed that size and distribution of peltate glandular trichomes have valuable
taxonomical significance at the species level (Xiang et al., 2010; Marin etal., 2012; Atalay etal,,
2016). Our study established that the size of peltate glandular trichomes depends on species
of plants that conforms with conclusions of Baran et al. (2010). Peltate glandular trichomes
with essential oil are localized on the adaxial and abaxial leaf surfaces. Their size on the
adaxial and abaxial leaf sides is not the same. These trichomes were found of minimum and
maximum dimensions from 55.30 (Nepeta transcaucasica) to 91.45 pum (Hyssopus officinalis)
and from 80.19 (Monarda fistulosa) to 142.89 um (Thymus serpyllum), respectively (Table
1). On the abaxial side of leaves, peltate glandular trichomes were found and had minimum
dimensions from 45.36 (Nepeta transcaucasica) to 93.19 um (Hyssopus officinalis) and
maximum dimensions from 72.74 (Thymus serpyllum) to 123.08 wm (Hyssopus officinalis).
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Figure 1

the selected species of Lamiaceae Martinov family

Size, shape and colour of peltate glandular trichome on the adaxial and abaxial leaf surfaces for
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Table1  Variability of the peltate glandular trichome average size on the adaxial and abaxial leaf
surface for selected species of Lamiaceae Martinov (um)

Plant species Leaf side min max Sx V%

adaxial 85.61 113.02 7.47 7.74
Thymus vulgaris L.

abaxial 77.96 105.97 8.08 8.92

adaxial 59.13 142.89 28.49 29.95
Thymus serpyllum L.

abaxial 49.96 72.74 5.65 9.35

adaxial 91.45 173.9 16.71 15.64
Hyssopus officinalis L.

abaxial 93.19 123.08 8.41 7.81

adaxial 90.09 133.89 13.44 12.15
Hyssopus angustifolius Bieb.

abaxial 78.72 97.43 4.40 4.99

adaxial 79.91 109.09 7.56 8.01
Satureja montana L.

abaxial 73.67 120.04 11.07 10.53

adaxial not detected
Salvia sclarea L.

abaxial 80.93 107.83 6.98 7.23

adaxial 60.33 85.21 6.09 8.69
Salvia officinalis L.

abaxial 65.19 83.95 4.83 6.48
Monarda fistulosa L. adaxial 64.55 80.19 4.41 6.13

abaxial 58.61 77.63 5.88 8.73
Ocimum basilicum L. adaxial 68.79 92.96 7.25 9.00

abaxial 67.70 99.09 8.66 10.18
Nepeta transcaucasica Grossh. adaxial 55.30 103.25 10.53 16.02

abaxial 45.36 81.48 6.77 11.03

Note: min, max - minimal and maximal measured values; Sx - standard deviation; V - coefficient of variation (%)

According to average values, the least trichomes on the adaxial and abaxial sides of the leaves
were found for Nepeta transcaucasica - 65.70 and 61.41 pm, respectively (Figure 2).

The biggest size of peltate glandular trichomes on the adaxial side of the leaves was found
for Hyssopus angustifolius (110.61 um) and on the abaxial side of the leaves of Hyssopus
officinalis (107.69 um). Seven species formed larger glands on the adaxial side of the leaves
compared to the abaxial ones. Larger peltate glandular trichomes on the upper side of leaves
are characteristic for the species Satureja montana, Ocimum basilicum and Salvia officinalis.
Hyssopus officinalis formed uniformly large glands on both adaxial and abaxial sides of the
leaf.

The large peltate glandular trichomes are located in deepenings on the adaxial and abaxial
leaf surfaces and are densely distributed on the adaxial and abaxial leaves surface of Satureja
montana that is in line with studies of Marin et al. (2012).
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Figure 2: Mean value glandular trichome on the adaxial and abaxial side of leaves for selected species of
family Lamiaceae Martinov

High degree of variability has been found with peltate glandular trichomes size of Thymus
serpyllum species, where the variability degree exceeded 20%. A moderate variability degree
(from 10 to 20%) of glands size showed the species Hyssopus angustifolius, Hyssopus
officinalis, Satureja montana, Ocimum basilicum and Nepeta transcaucasica. Low degree of
variability (up to 10%) of glands size has been detected by species Thymus vulgaris, Salvia
officinalis, and Monarda fistulosa.

The adaxial surface of Thymus vulgarisleaves has more glandular trichomes of lamiaceous type
compared to the abaxial surface of ones. The two surfaces Thymus serpyllum leaves contain
approximately the same quantity of these glandular trichomes. The numerous glandular
trichomes of the lamiaceous type of amber or reddish brown colour had a shiny spherical
shape. However, it was noted that Thymus serpyllum had significantly less of these glandular
trichomes with yellow or brown colour compared to Thymus vulgaris that could be explained
by less yield of essential oil (minimum 12 mL.kg™) for Thymus vulgaris (anhydrous drug) and
minimum 3.0 mL.kg ! of essential oil for whole or cut, dried, flowering aerial parts of Thymus
serpyllum (European pharmacopoeia, 2016).

Our study also demonstrated that two surfaces of Salvia officinalis leaves had approximately
the same quantity of these glandular trichomes. However, it was noted that the leaf adaxial
side of Salvia sclarea had no glandular trichomes of lamiaceous type at all. Such a difference
could be explained by less yield of essential oil (0.19-0.38%) for Salvia sclarea and minimum
15 mL.kg™" of essential oil for the whole dried drug or minimum 10 mL.kg™ of essential oil for
the cut drug (anhydrous drug) of Salvia officinalis (European pharmacopoeia, 2016).

The feature of the glandular trichomes of lamiaceae type of Monarda fistulosa L. is their
location. They are located below of epidermis surface in the mesophyll that conforms with
studies conducted by Shanaida et al. (2016).
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The feature of the glandular trichomes of lamiaceae type of Hyssopus angustifolius Bieb. is a
distinction in their sizes on both leaf sides. These glandular trichomes are significantly larger
on the adaxial side. While glandular trichomes of lamiaceae type of Hyssopus officinalis are the
same size on both leaf sides.

Based on cluster analyze was done a dendrogram (Figure 3). In this study, 10 species were
grouped into three main clusters based on the highest similarities.

Group |

Salvia sclarea L.
Group Il
Ocimum basilicum L.

Thymus vulgaris L.

Hyssopus angustifolius Bieb. ————

Saturejamontanal.

Hyssopus officinalis L. ———
Group 111

Thymus serpyllumL.

Nepeta transcaucasica Grossh.

Monarda fistulosaL, —
Salvia officinalis L. ——
0.95 0.90 0.85 0.80 0.75 0.70 0.65 0.60
Average Distance Between Cluster
Figure 3 Cluster dendrogram based on morphometrics parameters adaxial and abaxial surfaces of

leaves for selected species of family Lamiaceae Martinov

On the dendrogram, it can be seen that Salvia sclarea (Group I) really differs from the other
samples because peltate glandular trichomes on the adaxial leaf surface have not been
determined. Only simple trichomes were found. Salvia sclarea formed peltate glandular
trichomes only on the abaxial leaf surface. Group Il included the species which had the least
signs comparing with Group III.

Conclusion

The tested plant species showed significant differences in size and colour of peltate glandular
trichomes producing essential oils. This difference can be used during macroscopic analysis
of herbal substances. Aromatic plants that were grown in Steppe zone of South Ukraine are
perspective plants because of presence a well-generated excretory system which contains
essential oils. It is planned to continue the investigation of morphological and anatomical
properties of peltate glandular trichomes with essential oils and to conduct a study of chemical
analysis of the essential oils.
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The economically important species of genus Brassica L. were investigated in this study.
Alcohol and water plant extracts of cultivars and varieties of Brassica campestris and B. rapa
were inspected on antiradical activity by DPPH-method (with 2,2-diphenyl-2-picrylhydrazyl).
Obtained extracts were measured on a spectrophotometer at wavelength 515 nm. Antiradical
activity of methanol extracts was in the range from 34.29 (B. rapa subsp. rapifera Metzger
(f. biennis), f. EOTRFO) to 58.09% (B. campestris f. biennis D.C., cv. Oriana). Water extracts
demonstrated this activity in range from 58.18 (B. campestris f. biennis D.C., cv. Oriana) to
84.25% (B. campestris f. biennis D.C. x B. rapa L., f. EOTFVS). Antioxidant activity (AA) of
extracts of investigated plants was expressed in ascorbic acid equivalent (mg g AAE). The
highest AA of methanol extracts was found for B. campestris f. biennis D.C. x B. rapa L., cv.
Fitopal (86.07 mg g! AAE), the lowest one - for B. rapa subsp. rapifera Metzger (f. biennis),
f. EOTRFO (52.78 mg g ! AAE). Maximal AA of water extracts was registered for B. campestris
f. biennis D.C. x B. napus f. biennis D.C., cv. Innovacia (121.77 mg g AAE), minimal - for
B. campestris f. biennis D.C. x B. rapa L., f. EOTFVS (85.18 mg g* AAE).

Keywords: oil plants, Brassica, antioxidant activity

Introduction

The Brassicaceae Burnett one is the most important group of plants in the food industry that
includes a wide range of horticultural crops with economic significance. The high content of
lipids in the seeds (more than 40%) makes this group of crops very valuable among other
plants (Hodur etal., 2012; Chen et al., 2015). The last study concerning of the Brassicaceae has
demonstrated results about their human health benefits such as reduced risk for generative
diseases. It is a good source of carotenoids (Bjorkman et al., 2011; Kumar and Andy, 2012).
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The genus Brassica L. is the most important from Brassicaceae, which includes some crops
and species of great worldwide economic importance such as Brassica oleracea L., Brassica
napus L., Brassica rapa L. (Cartea et al,, 2011). Plants from Brassicaceae such as Brassica,
Camelina species are not only known for their high fat and protein contents for human and
animal consumption, but recognized as a rich source of nutrients such as vitamins, minerals,
carbohydrates, amino acids, and different groups of phytochemicals: phenolics, glucosinolates,
fatty acids etc. (Jensen et al., 1996; Goffman et al., 1999; Jahangir et al., 2009; El-Beltagi et al.,
2010; Cartea et al,, 2011; Rakhmetov et al., 2014; Vergun et al., 2017b). The main fatty acid
composition of B. campestris var. oleifera during growth was o-linoleic acid, linoleic acid, cis-
10-heptadecenoic acid, and palmitic acid. The most abundant was oleic acid content (Peiretti
et al,, 2012). B. campestris seeds, also, rich in lipid composition (Sharma et al., 2003). Some
results support the beneficial effects of turnip (B. rapa) in the management of metabolic
syndrome (An et al.,, 2010; Abo-youssef, Mohammed, 2013). These plants characterized by
different pharmaceutical effects such as antioxidant, anti-inflammatory, antiepileptic, anti-
diabetic, immunological, cardiovascular etc. (Al-Snafi, 2015). As reported Rajamurugan et al.
(2012), methanol extracts of B. nigra leaves demonstrated the protective effect at the hepatic
and renal injury because of anti-inflammatory and antioxidant effect.

Plants from genus Brassica is a source of antioxidants of different nature such as flavonoids,
tannins and other phenolic compounds (Ryu et al., 2012; Gul et al., 2013; Routray et al., 2013).
Plant raw material of these plants contains phenolic acids such as caffeic, sinapic, p-coumaric,
ferulic etc. (Seong et al., 2016). On the basis of the experimental work of Behman and Sani
Mohamadi (2017), extracts from leaves and roots of B. rapa possess antibacterial properties.
It could be used as possible food antimicrobial preservative in the food industry. These plants
also demonstrated the quick tolerance to salt stress in some investigations (Jan et al., 2016;
Janetal,, 2017).

The aim of this study was to determine an antioxidant potential of some oils plants of
Brassicaceae.

Material and methodology

Biological material

The plants were grown in 2017 in the experimental fields of the M.M. Gryshko National
Botanical Garden of the NAS of Ukraine in the Kyiv city (50° 24' 55" N, 30° 33' 45" E). Plant
material was collected from the experimental collections of oil plants of the Department of
the Cultural flora of M.M. Gryshko National Botanical Garden of NAS of Ukraine in the stage of
flowering and analyzed in the laboratory of a department.

Biochemical analysis

Biochemical analyze of antioxidant activity detection was conducted according to Brand-
Williams et al. (1995). Plant extracts were prepared in two solvents - methanol and distilled
water. 1 g of dry plant raw material was mixed with 25 ml of each solvent. Extraction was
carried out during 12 hours at continuous stirring. Preparing of the radical solution was
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following: 25 mg of DPPH-radical (2,2-diphenyl-2-picrylhydrazyl) was solved in methanol (in
100 ml volumetric flask) and used for following dilution (1 : 10). 0.1 ml of investigated plant
extract was added to 3.9 ml of radical solution. The optical density of the radical solution
was measured immediately and after 10 min of incubation in the dark after adding a sample.
The measurement was conducted at 515 nm on the spectrophotometer (Unico 2800 UV /VIS).
Obtained data calculated using a formula:

%Inh= %x 100

0

Statistical analysis

Obtained data were expressed in mg g’ AAE (ascorbic acid equivalent). The statistically
treated data are given in the table as the arithmetical mean values and their standard errors.

Results and discussion

According to our previous data concerning to biochemical properties of Brassicaceae,
seeds of these plants are the rich source of lipids (17.72-37.61%). Also, plant raw material
characterized by an energetic value of 5,039.33-6,108.00 KcaL.kg™ (Vergun et al,, 2017a).
Results obtained by Fernandes et al. (2007) indicated that turnip is an easily accessible dietary
source of biologically active compounds. The antioxidant potential exhibited by the different
turnip edible parts is obviously determined by their composition.

Antioxidant activity has been assessed in many ways (Antolovich et al,, 2002). The DPPH
(2,2-diphenyl-1-picrylhydrazyl-hydrate) free radical method has been widely applied for
estimating antioxidant activity in recent years (Molyneux, 2004). It is an antioxidant assay
based on electron-transfer that produces a violet solution in an alcohol solvent. This free
radical, stable at room temperature, is reduced in the presence of an antioxidant molecule,
giving rise to a colorless ethanol solution (Brand-Williams et al., 1995).

[twas studied methanol and water extracts to evaluate the antioxidant potential of investigated
plants (Table 1). As shown on the table, methanol extracts exhibited antiradical activity from
34.29 (B. rapa subsp. rapifera Metzger (f. biennis), f. EOTRFO) to 58.09% (B. campestris
f. biennis D.C., cv. Oriana). Antiradical activity of water extracts was from 58.18 (B. campestris
f. biennis D.C., cv. Oriana) to 84.25% (B. campestris f. biennis D.C.x B. rapa L., f. EOTFVS).

According to Fernandes et al. (2007), the antioxidant capacity of different extracts of B. rapa
correlated with both total phenolic and organic acids amounts. Differences in antioxidant
activity of Brassica crops were related to differences in total phenolic content but also to
differences in phenolic composition for most samples (Soengas et al.,, 2012). Our previous
data showed that B. campestris f. biennis D.C.x B. napus f. biennis D.C., cv. Innovacia had an
antiradical activity of methanol extracts 21.54 and water extracts - 50.62% that was less
than in current research (Vergun and Rakhmetov, 2018). Also, methanol extracts of B. rapa
and B. rapa subsp. rapifera Metzger demonstrated 19.86 and 42.42% of inhibition and water
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extracts - 62.96 and 63.57% respectively. Data obtained for B. rapa subsp. rapifera Metzger
was similar. Also, Sun et al. (2009) reported that the antioxidant activity of methanol extracts
was higher than in acetone and water extracts by DPPH-method in some Brassicaceae. This is
consistent with our obtained data where only B. campestris f. biennis D.C., cv. Oriana had the
same results in both methanol and water extracts.

Table 1 The antiradical activity of plant extracts of selected oil crops (%)
Name of sample Methanol extracts Water extracts
B. campestris f. biennis D.C., cv. Horlytsia-FHO 47.70 £0.91 58.26 £0.81
B. campestris f. biennis D.C.,, cv. Oriana 58.09 +0.52 58.18 +1.78
B. campestris f. biennis D.C., f. EOSOF-2 36.39 £0.20 67.04 £0.49
ﬁ.“cl'zzgzztris f. biennis D.C.x B. napus f. biennis D.C., cv. 3909 £0.72 78.60 £0.93
B. campestris f. biennis D.C.x B. rapa L., cv. Fitopal 41.29 £1.83 83.55 +2.59
B. campestris f. biennis D.C.x B. rapa L., cv. Obrii 35.38+1.16 61.18 £0.47
B. campestris f. biennis D.C.x B. rapa L., f. EOTFVS 50.45 +1.65 84.25 +0.76
ggcfrfnlégsl:r;;;:(l)egms D.C.x B.rapa L.xB.napus f. biennis 41.67 +0.67 77 67 +0.48
B. rapa subsp. rapifera Metzger 42.43 £0.81 63.57 £1.25
B. rapa subsp. rapifera Metzger (f. biennis), f. EOTRFO 34.29 £0.99 65.67 +0.38
140 -
120 -
100 -
E 80 -
- Me
§ 60 - el -
40 -
20 -
0 -
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Figure 1 Antioxidant activity of plant extracts of selected oil plants (mg g'1 AAE): 1 - B. campestris f.

biennis D.C.x B. rapa L., f. EOTFVS; 2 - B. campestris f. biennis D.C.x B. rapa L., cv. Fitopal; 3 - B.
rapa subsp. rapifera Metzger; 4 - B. campestris f. biennis D.C. x B. rapa L. x B. napus f. biennis
D.C., f. EOHBFTRO-2; 5 - B. campestris f. biennis D.C. x B. rapa L., cv. Obrii; 6 - B. rapa subsp.
rapifera Metzger (f. biennis), f. EOTRFO; 7 - B. campestris f. biennis D.C.x B. napus f. biennis D.C.,
cv. Innovacia; 8 - B. campestris f. biennis D.C., cv. Horlytsia-FHO; 9 - B. campestris f. biennis D.C.,
cv. Oriana; 10 - B. campestris f. biennis D.C. x B. rapa L. x B. napus f. biennis D.C., f. EOHBFTRO-2
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Antioxidant activity expressed in ascorbic acid equivalent represented in Figure 1. Methanol
extracts showed activity from 50.87 (B. campestris f. biennis D.C. x B. rapa L. x B. napus f. biennis
D.C., f. EOHBFTRO-2) to 86.07 mg g'* AAE (B. campestris f. biennis D.C. x B. rapa L., cv. Fitopal).
Water extracts exhibited antioxidant activity from 85.18 (B. campestris f. biennis D.C. x B. rapa
L., f. EOTFVS) to 121.77 mg g AAE (B. campestris f. biennis D.C. x B. napus f. biennis D.C., cv.
Innovacia).

Conclusions

The cultivars and varieties of Brassica campestris, B. rapa have the high antioxidant potential
in the conditions of M.M. Gryshko National Botanical Garden of the NAS of Ukraine. Study
of methanol extracts showed that minimal antiradical activity was found for B. rapa subsp.
rapifera Metzger (f. biennis), f. EOTRFO and maximal - for B. campestris f. biennis D.C., cv.
Oriana. The most investigated plants had an antiradical activity of water extracts more than
60%. Antioxidant activity of water extracts of investigated plants was more than in methanol
extracts.
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This study represents results of determination of total phenolic compounds in raw of two species of
Galega L. It was investigated plant extracts of Galega officinalis L. (goat's-rue) and Galega orientalis Lam.
(fodder galega) which are known as fodder crops with high productivity of green mass and medicine
plants (Hasani-Ranjbar et al., 2009; Peiretti, 2009; Shojaee et al,, 2015; Teleuta et al., 2015). The
current study was aimed to evaluate an accumulation in selected plants the total content of phenolics
as compounds with antioxidant activity. Raw of investigated plants collected from experimental
collections of M.M. Gryshko National Botanical Garden of the NAS of Ukraine (Kyiv) during vegetation.
Biochemical analysis conducted in the Slovak University of Agriculture in Nitra. The phenolic content
in ethanol extracts was measured using Folin-Chocalteu reagent. The procedure for preparing extracts
was done according to Singleton and Rossi, 1965 and measuring conducted using spectrophotometer
Jenway (6405 UV/Vis, England). Gallic acid was used as the standard and the results were expressed
in mg g gallic acid equivalent (GAE). Study of G. officinalis extracts showed that accumulation of total
phenolic content in different organs was in the range from 9.13 to 32.76 mg g GAE. In extracts of
G. orientalis was identified total phenolics content from 6.73 to 26.77 mg g* GAE. It was established that
less concentration of studied compounds found in the stems for both species.

Keywords: Galega officinalis, Galega orientalis, phenolics

Introduction

Leguminous plants (Fabaceae Lindl.) are a perspective group of crops, which ecological and
economic function is important in agriculture. It is one of the most important plant families
in the production of food for humans and livestock, as well as in the production of industrial
products. These crops have provided interesting as forage grasses with high productivity and
play an important role as N fixators (Peiretti, 2009; Teleutd et al., 2015). Plants from Fabaceae
family are of interest in relation to biologically active compounds, especially individual, in
different organs (Danil¢enko et al.,, 2017).
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Among economically important leguminous plants can be highlight goat’s rue (Galega
officinalis L.) and fodder galega (Galega orientalis Lam.). Plants of species of Galega L. are
valuable perennial and productive crops with the protein-rich chemical composition of
plant raw material (BaleZentiené, 2008). Results obtained by Peiretti (2009) showed that
G. officinalis has the potential for large-scale ensiling if plants are harvested at the budding
stage or during regrowth. These species cultivated as medicinal plants due to the biochemical
composition of plant raw material and as garden plants (BaleZentiené and Spruogis, 2011;
Kumar etal., 2012). As described in some reports, G. officinalis uses in traditional phytotherapy
due to hypoglycemic, diuretic properties, and weight-reducing ability (Hasani-Ranjbar et
al,, 2009; Shojaee et al., 2015). Biochemical composition of Galega species is ascorbic acid,
carotene, soluble sugars, lipids, protein, ash, alkaloids, macroelements, etc. (Symanowicz
and Kalembasa, 2012; Vergun et al., 2012; Shymanska et al., 2017). Also, the phytochemicals
screening revealed that in aqueous, methanolic, ethanolic and acetone extracts were found
flavonoids, tannins, cardiac glycosides, terpenes and steroids. Methanolic extracts of goat’s
rue significantly improved the lipid profile in a clinical study (Luka et al., 2017).

The aim of this study was to determine the content of polyphenol compounds in different
organs of G. officinalis and G. orientalis during vegetation in the conditions of M.M. Gryshko
National Botanical Garden of the NAS of Ukraine (NBG).

Material and methodology

The plants were grown in 2017 in the experimental fields of the M.M. Gryshko National
Botanical Garden of the NAS of Ukraine in the Kyiv city (50° 24' 55" N, 30° 33" 45" E). The total
area of the experimental field for each species was 25 m?. For this study, the average weight of
ten plants selected by randomized method was used. In 2017, the active plant growth started
on 21" of March for G. officinalis and the 5 of April for G. orientalis. Plant growth was ended
in November for both species of investigated plants. Many years observations showed that the
end of vegetation depends on early frosts. Monthly average temperatures in the vegetation
period of year of study were following: March - +3.9 °C, April - +10.7 °C, May - +16.2 °C,
June - +19.1 °C, July - +21.2 °C, August - +21.2 °C, September - +15.8 °C, October - +6.9 °C,
November - +2.6 °C.

Biological material

Observation on plants was conducted in the experimental collection of Cultural Flora
Department of NBG. Plant raw material of two species Galega officinalis and G. orientalis
were collected in the stages according to Biologische Bundesanstalt, Bundessortenamt and
Chemische Industrie (BBCH) coding system. According to BBCH scale, plant samples were
taken at the phenological growth stages described for faba bean (Vicia faba L.) (Meier, 2001).
Four principal growth stages were assigned: leaf development (19 - nine or more leaves
infolded), inflorescence emergence (50 - flower buds present, still enclosed by leaves),
flowering (65 - full flowering: flowers open on 5 racemes per plant), and ripening (80 -
beginning of ripening: seed green, filling pod cavity). For chemical analyses plant raw material
was dried at 35 °C for three days. After this, the samples were milled in the powder condition.
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Biochemical analysis

The biochemical analysis was done in the Slovak University of Agriculture in Nitra (Slovak
Republic). For planned analyses, 0.2 g of milling fraction was extracted with 20 ml of 80%
ethanol for 24 hours. After centrifugation at 4000 g with Rotofix 32 A (Hettich, Germany)
for 20 min, the supernatant was used for measurement of the total content of polyphenols.
The total phenolic content of extracts was measured using Folin-Chocalteu reagent (Singleton,
Rossi, 1965). 0.1 ml of each sample was mixed with 0.1 ml of the Folin-Ciocalteu reagent, 1 ml
of 20% (w/v) sodium carbonate, and 8.8 ml of distilled water. After 30 min. in darkness the
absorbance at 700 nm was measured using the spectrophotometer Jenway (6405 UV/Vis,
England). Gallic acid was used as the standard and the results were expressed in mg g™ gallic
acid equivalents (GAE) (25-300 mg1™; R* = 0.998).

Statistical analysis

The statistically treated data are given in the table as the arithmetical mean values and their
standard errors. Data were submitted ANOVA and differences between means compared
through the Tukey-Kramer test (o = 0.05).

Results and discussion

The therapeutic potential of natural medicinal plants as antioxidants in reducing free
radicals suggests that most of the plants have a high antioxidant potential, which can be
useful therapeutically (Veeru et al., 2009). Plant secondary metabolites such as polyphenol
compounds play an important role in the defence against free radicals. Polyphenols exhibit
awide range of biological effects including antibacterial, anti-inflammatory, hepatoprotective,
antiviral, anticancerogenic etc. (Soobratee et al., 2005; Piluzza and Bullitta, 2011). Numerous
studies described the good or high linear correlation between the concentration of phenolic
compounds and antioxidant capacity determined by the DPPH-method (Marecek et al., 2016;
IvaniSova et al.,, 2017). This suggests that phenolic content could be used as an indicator of
antioxidant properties of the plants (Piluzza and Bullitta, 2011).

Polyphenols can form several hydrogen bonds and even ionic bonds with most proteins.
They modulate the activity of many proteins, involving enzymes, ion channels etc. As
a consequence many polyphenols are pharmacologically active, being among antioxidants,
anti-inflammatory, antibacterial, antifungal, and antiviral (Wink, 2013). The previous study of
G. officinalis extracts showed the presence of phenolics as flavonol triglycosides, kaempferol,
galegin, medicagol, quercetin etc. (Kahkeshani et al., 2015).

The content of phenolic compounds in different parts of G. officinalis parts ranged from
9.13 to 32.76 mg g' GAE (Table 1). It should be noticed, that most of the results about the
content of phenolic compounds concern to the G. officinalis plants. According to Tusevski et al.
(2014), total phenolic content for plants of G. officinalis was 32.53 +2.80 mg g"* GAE. Pehlivan
Karakas et al. (2016) obtained twenty phenolics compounds from methanol leaves extracts of
G. officinalis. Total phenolic content in them was 36.69 mg g of dry extract.
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Table1  The content of total phenolic compounds in plant raw material of Galega officinalis L. and
G. orientalis Lam., mg g ' GAE

Stage of growing Organ of plan Galega officinalis L. Galega orientalis Lam.
Leaf development aerial part 17.06 £0.89 b 19.96 £0.62 ab
Inflorescence emergence leaves 19.50+1.14 b 25.21+0.17 a
stems 9.61+1.45b 8.09 +0.44 d
buds 31.51+1.11a 2343 +1.53a
Flowering leaves 22.58+0.67b 15.43 £+0.28 ¢
stems 9.13+0.30d 6.73+0.23 e
flowers 3276 +1.26 a 19.58 +0.85 ab
Ripening leaves 18.61+0.95b 26.77 +0.51 a
stems 15.28 +0.67 ¢ 10.87 £0.99 d
fruits 19.61 #1.33b 13.58 £0.62 ¢

Notes: Means in columns followed by different letters are different at p = 0.05; each value represents the mean of three
independent experiments (+SD)

The total content of phenolics of G. orientalis plant raw material ranged from 6.73 to
26.77 mg g GAE during vegetation. According to BaleZentiené (2009) report, the highest
total content of phenols was determined at the budding stage which was characterized as
the most intensive growth period of the plant shoot. Moreover, the study of Kahkeshani et
al. (2015) demonstrated that mixture of G. officinalis and Nigella sativa L. (4 : 1 w/w) had
shown milk stimulating activity and the total phenol content 77.72 ug mg™* GAE. Also, we
detected in the previous study the total antioxidant activity of methanol, ethanol and
water extracts (Shymanska et al., 2018). According to obtained data, antiradical activity of
G. officinalis and G. orientalis plant extracts was minimal in stems for both species (11.24
and 11.74% respectively). Likewise, high antiradical activity was identified in methanol and
ethanol extracts of generative organs (up to 90%). These data consistent with the obtained
results as interrelated. Further research should be focused on the study of more species of the
investigated genus and detailed investigation of their polyphenol compounds.

Conclusions

Thus, in conditions of M.M. Gryshko National Botanical Garden of the NAS of Ukraine, plants
of Galega officinalis and G. orientalis accumulated uneven quantity of phenolic compounds
during vegetation. Comparing the analysis of two investigated species showed that the
most content of total phenolics was determined in the G. officinalis flowers extracts in the
stage of flowering and the least - in the stems extracts of G. orientalis. Both G. officinalis and
G. orientalis accumulated the least content of phenolic compounds in stems. Generative organs
of G. officinalis had higher total content of phenolics than vegetative.
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GENOTYPES

Grygorieva Olga'*, Klymenko Svitlana®, Vinogradova Yulia?,
Ilyinska Antonina’, Piérecki Narcyz>*, Brindza Jan®

IM.M. Gryshko National Botanical Garden of Ukraine of National Academy of Sciences, Kyiv, Ukraine
2 N.V. Tsitsin Main Botanical Garden of Russian Academy of Sciences, Moscow, Russia
3Arboretum and Institute of Physiography in Bolestraszyce, Przemysl, Poland
*University of Rzeszow, Rzeszow, Poland
SFaculty of Agrobiology and Food Resourses, Slovak University of Agriculture in Nitra, Nitra,
Slovak Republic

Received: 15. 10. 2018 Revised: 10. 11. 2018 Published: 10. 12. 2018

This study was carried out in order to determine the leaf characteristics of some chestnut (Castanea
sativa Mill.) genotypes in the M.M. Gryshko National Botanical Garden (Kyiv, Ukraine) and also
to determine whether the leaf morphometric characteristics could be used for differentiation of
genotypes. In this study, 9 chestnut genotypes (CS-01 - CS-09) were used. Some leaf parameters such as
lamina length, lamina width, petiole length, petiole width, petiole thickness, teeth length, teeth width,
stomata length, stomata width were studied. Morphometric parameters were following: leaves length
from 85.0 to 250.0 mm, leaves width from 26.0 to 100.0 mm, petiole length from 8.07 to 36.18 mm,
petiole width from 0.91 to 2.60 mm, petiole thickness from 0.81 to 2.44 mm, teeth length from 1.27 to
5.05 mm, teeth width 0.87 to 2.82 mm. The shape indexes of leaves were found ranging from 2.45 to
4.26. Analysis of coefficient of variation (CV) showed a high variability in morphometric characteristics
between Castanea sativa samples. Data showed that the teeth width is the most variable signs
(from 15.30 to 22.18%). Other studied characteristics have an average level of variability. Collected
quantitative data were subjected to principal hierarchical cluster analysis. The cluster analysis of
morphometric parameters exhibited that broad morphologic diversity was found in Castanea sativa
genotypes examined in this study. Most of the chestnut genotypes could be differentiated easily by using
leaf morphometric characteristics.

Keywords: Castanea sativa, leaf, morphometric characteristic, discrimination, genotype

Introduction

The study of morphological traits of leaf have been used frequently in practice by scientists
to study genetic variability (Dickinson et al., 1986; Aravanopoulos et al., 2001; Kremer et al.,
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2002; Ertan, 2007; Neophytou et al., 2007), since the leaf location, size, shape and anatomical
characteristics of leaf plates vary widely depending on environmental conditions. These signs
reflect the degree of plant resistance, because the leaves are the most important organs of
photosynthesis and transpiration (Sahin and Soylu, 1991; Bruschi et al., 2003; Pinto et al,,
2011; Mensah, 2012). These characteristics are important for genotypes identification base on
the observation of morphological characteristics of which expressions are largely influenced
by developmental, environmental and cultivation factors (Serdar and Kurt, 2011; Poljak et al,,
2014). Many authors use morphological analyses to estimate the variability of Castanea sativa
and which confirm that the leaf parameters can be appropriate variables for establishing the
level of genotype variability (Aravanopoulos et al., 2001; Aravanopoulos, 2005; Bolvansky
and Uzik, 2005; Alvarez-Alvarez et al., 2006; Ertan, 2007; Zarafshar et al.,, 2010; Serdar and
Kurt, 2011; Mujagi¢-Pasi¢ and Ballian, 2012; Poljak et al., 2014; Atefe et al,, 2015).

Identification of genotypes based on morphological traits allows us to find valuable specimens
for further selection, which is very valuable, especially for woody plants (Skvortsov et al,,
2005; Brindza et al.,, 2007; Monka et al., 2014; Grygorieva et al., 2014, 2018; Kucelova et al,,
2016; Vinogradova et al,, 2017).

The objective of this research was to evaluate the leaf characteristics of seven Castanea sativa
Mill. genotypes and also to determine whether leaf morphometric characteristics could be
used for differentiation of genotypes.

Material and methodology

Locating trees and data collection

The objects of the research were 45-year-old plants of Castanea sativa from seed origin, which
are growing in Forest-Steppe of Ukraine in M.M. Gryshko National Botanical Garden of NAS
of Ukraine (NBG). Seeds were brought from Czech, Carpathians, Kyrgyzstan. They are well
adapted to the climatic and soil conditions (Grygorieva et al., 2017; Klymenko et al., 2017).
Field studies were carried out in August, 2017 on mature leaves of 9 chestnut genotypes
(CS-01 - CS-09). In the study, chestnut genotypes with superior fruit characteristics were
preferred. Trees in the same exposure were selected.

Morphometric characteristics

Leaf morphological parameters were determined on the 1-year-old shoots (middle part of
shoot). It was selected from the tree of each genotype 30 leaves from the four sides of crown.
The total number of selected leaves was 1080. For each leaf, seven characteristics were
measured. In this study, leaf length (LL) in cm; leaf width (LW) in cm; petiole length (PL) in
mm; petiole width (PW) in mm; petiole thickness (PT) in mm; teeth length (TL) in mm; teeth
width (TW) in mm. The measurements were made in each leaf element as shown in Figure 1.

Statistical analyses

Basic statistical analyses were performed using PAST 2.17; hierarchical cluster analyses of
similarity between phenotypes were computed on the basis of the Bray-Curtis similarity
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index; multi-dimensional scaling (MDS) analyses were performed in PRIMER (Clarke and
Gorley, 2006). Variability of all these parameters was evaluated using descriptive statistics.
Level of variability determined by Stehlikova (1998).

\\ TL
Figure 1 [llustration of measuring process: leaf length, leaf width, petiole length, petiole width, teeth

length, teeth width

Results and discussion

Castanea sativa leaves arranged alternately, are simple, shiny in appearance and dark green
in color. The leaf coloration changes within the chestnut genotypes. However, there is a clear
distinction among the upper surface coloration (green-dark) and the lower surface (light
green) coloration. The margins of leaf are toothed. In the collection several types of leaves
could be found lanceolate, narrow elliptic, broad elliptic. The shape of apex narrow acuminate,
broad acuminate, acute. The shape of base acute, obtuse, cordate. The incisions of margin
mucronate and dentate. The petiole colour is yellowed or red.

The images of sweet chestnut leaves of various genotypes are shown on Figures 2, 3, 4, 5
and 6.
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Figure 2 Variability in the shape of Castanea sativa Mill. leaves

Figure 3 Variability in the teeth of Castanea sativa Mill.
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Figure 4 Shape of leaf apex of Castanea sativa Mill.

Figure 5 Shape of leaf blade bases of Castanea sativa Mill.
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Figure 6: Variability in the petiole of Castanea sativa Mill.

The length of sweet chestnut leaves of present study was in the range of 85.0 (CS-08) to
250.0 (CS-06) mm (Table 1). Significant differences in leaves were reaffirmed a lot of authors
from different countries (Table 2). The leaves length was determined in range from 9.20 to
30.80 cm by Mujagi¢-Pasi¢ and Ballian Dalibor (2012), from 14.21 to 24.08 cm by Alvarez-
Alvarez et al. (2006), from 14.50 to 21.20 cm by Poljak et al. (2014), from 17.70 to 23.40 cm
by Serdar and Kurt (2011), from 21.30 to 23.40 cm by Zarafshar et al. (2010), from 22.44 to
25.05 cm by Atefe et al. (2015). Data comparison shows a high consistency with our results.

Table1  The variability of some morphometric parameters of leaves of Castanea sativa Mill.

genotypes

Genotypes min max S, CV% Genotypes min max S, CV%

Leaf length Petiole width
Cs-01 108 189 14.85 10.76 | CS-01 091 1.42 0.11 10.55
CS-02 119 229 23.47 13.37 | CS-02 1.13 1.56 0.11 8.20
CS-03 148 215 14.90 8.44 | CS-03 1.63 2.24 0.14 7.62
CS-04 103 167 17.15 13.14 | CS-04 1.02 1.38 0.10 8.44
CS-05 98 187 18.60 12.11 | CS-05 1.25 2.20 0.20 12.54
CS-06 155 250 23.83 11.75 | CS-06 1.61 2.60 0.23 11.74
CS-07 148 206 15.78 9.00 |CS-07 1.34 2.17 0.20 10.94
CS-08 85 210 23.30 1391 | CS-08 1.41 2.08 0.18 10.42
CS-09 114 237 28.02 16.63 | CS-09 1.33 2.25 0.20 12.37

Leaf width Petiole thickness
CS-01 28 47 4.76 12.89 | CS-01 0.81 1.20 0.12 12.16
CS-02 30 57 7.00 16.85 | CS-02 1.05 1.66 0.14 11.12
CS-03 52 77 5.14 7.88 | CS-03 1.19 1.87 0.16 10.64
CS-04 26 42 476 13.84 | CS-04 0.85 1.39 0.14 13.07
CS-05 28 54 6.73 15.75 | CS-05 1.00 1.62 0.15 11.51
CS-06 54 100 10.40 12.58 | CS-06 1.46 2.44 0.24 13.09
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Continue the Table 1

Genotypes min max S, CV% | Genotypes min max S, CV%
Leaf width | Petiole thickness
CS-07 59 75 4.24 6.37 | CS-07 1.03 2.15 0.25 15.60
CsS-08 35 65 7.32 14.18 | CS-08 1.20 1.90 0.19 12.84
CS-09 38 63 6.18 12.54 | CS-09 1.13 2.11 0.21 14.12
Petiole length Teeth length
Cs-01 18.24 28.06 2.44 10.22 | CS-01 1.27 2.93 0.35 16.76
CS-02 18.31 34.56 4.55 17.80 | CS-02 1.61 3.15 0.43 18.95
CS-03 10.03 19.96 2.81 19.49 | CS-03 1.76 4.19 0.60 19.90
CS-04 19.32 35.85 3.89 13.86 | CS-04 1.62 3.67 0.56 20.56
CS-05 16.15 23.92 2.26 11.10 | CS-05 2.03 3.88 0.49 16.82
CS-06 14.03 24.89 2.95 15.73 | CS-06 2.07 441 0.52 16.77
CS-07 8.07 13.97 1.66 15.08 | CS-07 1.86 3.96 0.53 17.60
CS-08 17.91 36.18 4.92 1797 | CS-08 1.80 5.05 0.69 20.68
CS-09 13.02 19.07 1.58 10.28 | CS-09 1.49 3.83 0.48 18.12
Teeth width
Genotypes min max S, CV%
Cs-01 0.87 2.03 0.22 16.07
CS-02 1.04 2.12 0.23 16.83
CS-03 1.10 2.38 0.32 18.61
CS-04 1.01 2.12 0.27 18.76
CS-05 1.02 2.30 0.30 17.42
CS-06 1.20 2.45 0.36 21.69
CsS-07 1.39 2.82 0.33 15.30
Cs-08 1.13 2.65 0.39 22.18
CS-09 1.03 2.71 0.33 18.04

Note: min, max - minimal and maximal measured values; S, - standard deviation; CV - coefficient of variation (%)

The leaves width in our analyses was determined in the range of 26.0 (CS-04) to 100.0 (CS-06)
mm (Table 1). The leaves width was determined in range from 2.50 cm by Mujagi¢-Pasi¢ and
Ballian Dalibor (2012) to 14.80 g by Zarafshar et al. (2010) (Table 2).

The petiole length, width and thickness in our analyses was determined in the range of 8.07
(CS-07) to 36.18 (CS-08) mm, from 0.91 (CS-01) to 2.60 (CS-06) mm and from 0.81 (CS-01) to
2.44 (CS-06) mm, respectively (Table 1). Maximal signs of petiole length were 6.70 cm (Table
2) found in study Mujagi¢-PaSi¢ and Ballian Dalibor (2012).
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Table2  Variability of some morphometric characteristics on Castanea sativa Mill. leaves
according to the authors from different countries

Authors Leaf length (cm) Leaf width (cm) Petiole length (cm)
Alvarez-Alvarez et al. (2006) 14.21-24.08 4.46-8.68 1.02-2.21
Zarafshar et al. (2010) 21.30-23.40 14.10-14.80 1.30-1.50
Serdar and Kurt (2011) 17.70-23.40 4.10-6.77 1.90-2.90
g;ji"l‘)goif'(l;‘fliéz?“d Ballian 9.20-30.80 2.50-12.0 0.50-6.70
Poljak et al. (2014) 14.50-21.20 4.70-8.50 1.90-2.80
Atefe et al. (2015) 22.44-25.05 6.98-8.66 1.33-1.92

The teeth length and width in our analyses were determined in the range of 1.27 (CS-01)
to 5.05 (CS-08) mm and of 0.87 (CS-01) to 2.82 (CS-07) mm, respectively (Table 1). Mean
values of morphological parameters of leaves demonstrated on Figure 7. There is a significant
difference between the morphological parameters of leaves size that confirmed by results from
multi-dimensional scaling visual distribution of studied genotypes (Figure 8). The sample
CS-04 (green ellipse) with the smallest leaves size and the sample CS-06 (light green ellipse)
with the largest leaves size differ each another with the probability of 95% (the ellipses in the
figure do not overlap).

35 7 LLeaf length, cm ® Leaf width, cm  Petiole length, mm H Petiole width, mm
M Petiole thickness, mm  Teeth length, mm .1 Teeth width, mm

30

25 -

CS-01 CS-02 CS-03 CS-04 CS-05 CS-06 CS-07 CS-08 CS-09

Figure 7: Mean values for leaf of Castanea sativa Mill. genotypes

The coefficient of variation showed the difference in variability of morphological signs
between Castanea sativa samples (Table 1). Data showed that the most variable signs are the
teeth width from 15.30 to 22.18%. Other studied characteristics have an average degree of
variability.
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Figure 8: The scatter plot of leaf resulted from PCA in space coordinate axes based on the two components

The shape of each object can be characterized by the shape index, i.e. the length to width ratio.
Figure 9 represents the shape indexes of leaves. The shape index of the leaves was found in the
range from 2.45 (CS-06) to 4.26 (CS-02), so the genotypes collection demonstrates significant
variability in the shape of the leaves, as seen in Figure 2. These parameters can be used for the
identification of the genotypes.

CS-01 CS-02 CS-03 CS-04 CS-05 CS-06 CS-07 CS-08 CS-09

Figure 9: Comparison of the tested Castanea sativa Mill. genotypes in the shape index of leaves

The bivariate Pearson correlations revealed very strong correlation between PW/PT
(r=0.92),LW/PT and LL/PT (r=0.92), strong correlation revealed between LW/PW (r=0.89),
LL/LW (r = 0.87), PW/TL (r = 0.82), LL/PW (r = 0.81), PW/TW (r = 0.74). Moderate positive
correlations were between the PT/TL, PT/TW, TL/TW, LW/TL, and LW/TW.
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Table 3  The matrix of Pearson correlation coefficients for 21 pairs of variables leaf Castanea
sativa Mill.

Parameters Lamina Lamina Petiole Petiole Petiole Teeth
length width length width thickness length

Lamina width 0.87*

Petiole length -0.49 -0.65

Petiole width 0.81* 0.89* -0.62

:’lfit(fl(::leess 0.92* 0.92* -0.62 0.95*

Teeth length 0.45* 0.64 -0.26* 0.82 0.68*

Teeth width 0.42 0.58* -0.77 0.75* 0.69 0.66*

Note: Significant according to the t-test (p <0.05)

The cluster analysis was performed according to the hierarchical cluster analysis method
using the mean value to distinguish similar groups among the various leaves morphometric
parameters.

-
—

CS-03

CS-06

CS-09

CS-07

1.00 098 0.96 0.94 092 092 0.88 0.86 0.84

Average Distance Between Cluster
Figure 10: Cluster dendrogram based on morphometrics parameters of Castanea sativa Mill. leaves genotypes
The Figure 10 clearly identified significant differences between tested Castanea sativa

genotypes. In this study, nine genotypes were grouped into four main clusters based on
highest similarities. Cluster [ contained the genotype (CS-01) only, which differs from other
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genotypes of collection by lamina length and width. Cluster II contained only two (CS-03 and
CS-05) Castanea sativa genotypes. In the cluster III included 4 genotypes and in the cluster
IV - 2 genotypes, which had similar mean values of leaves morphological parameters. Figure
10 confirms results from the evaluated variability of morphometric characteristics (Table 1).

Conclusions

In general, our results indicate considerable leaf variation in the collections studied. The leaf
parameters are suitable variables to detect levels of variability. The high diversity observed
in the introduction population Castanea sativa studied is very important for the conservation
of the species genetic resources. The high variability of the chestnut collection, created in
the Grishka Botanical Garden, is a guarantee of its stability in the conditions of introduction
(Skvortsov et al,, 2005). In the course of further breeding work with this crop, it will be
possible, based on this study, to select specimens with the most economically valuable traits
in the first year of life of the seed offspring.
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The aim of this study was to evaluate the in vitro effect of extracts obtained from leaves of Ficus benjamina
L. and its cultivars on the oxidative stress biomarkers (carbonyl content of the oxidatively modified
proteins, total antioxidant capacity) in the muscle tissue of the rainbow trout. The leaves of E benjamina
and its cultivars, i.e. F benjamina ‘Safari, ‘Baroque’, ‘Amstel Gold’, ‘Reginald‘ were sampled for our study.
Our results showed that extracts obtained from leaves of E benjamina ‘Safari‘ and F. benjamina ‘Reginald'
decreased non-significantly the lipid peroxidation biomarker in the muscle tissue. Extracts obtained
from leaves of F benjamina and its cultivars decreased the ketonic derivatives of oxidatively modified
proteins in the muscle tissue. Our results showed that extracts obtained from leaves of F benjamina and
its cultivars increased efficiently the total antioxidant capacity in muscle tissue by 76.9% (F benjamina),
66.9% (F benjamina ‘Safari‘), 70.5% (E benjamina ‘Baroque‘), 49.4% (F benjamina ‘Amstel Gold), and
42.8% (F benjamina ‘Reginald‘) (p <0.05). The results of this study provide a new perspective on
the use of various Ficus species as a medicinal plant to improve the antioxidant response of rainbow
trout. Further studies including the use of other medicinal plants as food additives in aquaculture, the
assessment of their antioxidant effects on various tissues of salmonids are in progress.

Keywords:  Ficus benjamina L., rainbow trout (Oncorhynchus mykiss Walbaum), muscle tissue, lipid
peroxidation, oxidatively modified proteins, total antioxidant capacity

Introduction

Herbs are currently used in commercial aquaculture as growth-promoting substances,
antimicrobial agents, nutrients as well as many other applications. Their potential to prevent
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and control fish diseasesisalsobeingstudied (Galinaetal., 2009). The use ofimmunostimulants,
as dietary supplements, can improve the innate defence of animals providing resistance to
pathogens during periods of high stress, such as grading, reproduction, sea transfer and
vaccination (Bricknell and Dalmo, 2005). During the functioning of the immune system, such as
in phagocytosis, reactive oxygen and nitrogen species are generated. If they are left unchecked
they can affect the components of the immune system by inducing oxidative damage. Natural
compounds from medicinal plants having antioxidant and immunomodulatory activities have
potential as therapeutic agents in this regard (Devasagayam and Sainis, 2002).

Many studies have proved that plant-derived additives enhanced the growth of fishes and
protected from diseases. The non-specific immune system of fish is considered to be the first
line of defence against invading pathogens (Ahilan et al., 2010).

In this study, attention was focused on Ficus L., a genus with diverse ethnobotanical uses in
its geographical distribution range. The genus has occupied an important place among plant
genera applied for treatment of a broad spectrum of diseases and disorders. Along with being
an object of extreme interest for researchers during the last two centuries, Ficus has a long
history of use by humans as a food source, in medicine, planting, and other industries and
fields of human activity, partly owing to its great diversity and wide distribution range. Among
popular ethnomedicinal uses of Ficus are treatments of skin damages, disorders of the digestive
system and related organs, and parasitic infections. Besides these, the range of healing targets
for particular Ficus species compiled from local medicines can be competitive with that of
broad-spectrum traditional remedies (Lansky and Paavilainen, 2011).

Ficus benjamina L. (Moraceae Gaudich.) is a multipurpose tree found in a large area, including
India, southern China, Southeast Asia, Malaysia, the Philippines, northern Australia, and the
islands of the South Pacific. It grows as a large evergreen shrub, up to 8 m tall, with nearly
10 m wide-spreading crown and drooping shoots with young slender twigs (Imran et al,
2014). The plant is well known due to its medicinal potential. Its latex and some fruit extracts
are used by indigenous communities to treat skin disorders, inflammation, piles, vomiting,
leprosy, malaria, nose-diseases, and cancer besides the use as a general tonic. The plantis also
used as an antimicrobial, antinociceptive, antipyretic, hypotensive and anti-dysentery remedy.
The leaves and twigs are used as an insect repellant (Imran et al,, 2014). The leaves, bark,
and fruits of E benjamina contain various bioactive constituents like cinnamic acid, lactose,
naringenin, quercetin, caffeic acid and stigmasterol (Sirisha et al.,, 2010). The ability of plant
extracts to inhibit the activity of bacteria having potential interest as fish pathogens have
been well documented. Nevertheless, although antimicrobial activities of extracts obtained
from the leaves of various species of Ficus genus were investigated (Solomon-Wisdom et al,,
2011; Olusesan et al,, 2010; Namita and Mukesh, 2012; Tkachenko et al., 2016-2018), studies
regarding their antioxidant properties in vitro model with the muscle tissue of the rainbow
trout (Oncorhynchus mykiss Walbaum) have not been undertaken. To estimate oxidative
stress using animal models, many markers of oxidative stress are used. One of the oldest
but still widely used assays for the determination of oxidative stress in serum is the TBARS
(thiobarbituric acid reactive substances) assay (Dasgupta, Klein, 2014). TBARS are a common
way to measure lipid peroxidation products in cells, tissues, and body fluids. TBARS is probably
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the oldestand one of the most widely used assays for measuring lipid peroxidation end product
malondialdehyde, a reactive aldehyde produced by lipid peroxidation of polyunsaturated fatty
acids (Marrocco etal,, 2017).

Therefore, the purpose of this study was to evaluate the in vitro effect of extracts obtained
from leaves of Ficus benjamina and its cultivars on the oxidative stress biomarkers (carbonyl
content of the oxidatively modified proteins, total antioxidant capacity) in the muscle tissue
of the rainbow trout.

Our current scientific project undertaken in the frame of cooperation programme between
Institute of Biology and Environmental Protection (Pomeranian University in Slupsk, Poland),
M.M. Gryshko National Botanic Gardens of National Academy of Sciences of Ukraine (Kyiv,
Ukraine), and Ivan Franko Lviv National University (Lviv, Ukraine) directed to assessment of
medicinal properties of tropical plants.

‘LX -;MJ 3 e e Y )

Figure 1 The growth habit of Ficus benjamina L. (A) and twigs with syconia (B)

Material and methodology

Collection of plant material

The leaves of plants, cultivated under glasshouse conditions, were sampled at M.M. Gryshko
National Botanic Garden (NBG), National Academy of Science of Ukraine. Specifically, the
leaves of F benjamina and its cultivars, i.e. E benjamina ‘Safari, ‘Baroque’, ‘Amstel Gold’
‘Reginald‘ were sampled for our study.

Preparation of plant extracts

Freshly collected leaves were washed, weighted, crushed, and homogenized in 0.1 M phosphate
buffer (pH 7.4) (in proportion 1 : 19, w/w) at room temperature. The extracts were then
filtered and investigated. The extract was stored at -20 °C until use.
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Experimental fish

Clinically healthy rainbow trout (Oncorhynchus mykiss Walbaum) with a mean body mass
of 80-120 g were used in the experiments. The study was carried out in a Department of
Salmonid Research, Inland Fisheries Institute (Rutki, Poland). The experiments were
performed in water at 14.5 #0.5 °C and pH 7.2-7.4. The dissolved oxygen level was about
9 ppm with additional oxygen supply, with a water flow of 25 L.min™, and a photoperiod of
12 h per day. The same experimental conditions were used during the whole research. The
water parameters were maintained under constant surveillance. The fish were held in square
tanks (150 fish per tank) and fed commercial pelleted diet.

Muscle tissue samples

The trout muscle tissue samples were homogenized in ice-cold buffer (100 mM Tris-HCI,
pH 7.2). The minced muscle tissue was rinsed clear of blood with cold isolation buffer and
homogenized in a homogenizer H500 with a motor-driven pestle on ice. Homogenates were
centrifuged at 3,000 g for 15 min at 4 °C. After centrifugation, the supernatant was collected
and frozen at -20 °C until analyzed. Protein contents were determined with the method
described by Bradford (1976) with bovine serum albumin as a standard. Absorbance was
recorded at 595 nm. All enzymatic assays were carried out at 22 +0.5 °C using a Specol 11
spectrophotometer (Carl Zeiss Jena, Germany) (n = 8). The enzymatic reactions were started
by adding the tissue supernatant.

Experimental design

The supernatant of the muscle tissue was used to incubate with extracts obtained from leaves
of FE benjamina and its cultivars (in a ratio 19 : 1) at room temperature. The control group
(trout muscle tissue) was incubated with 100 mM Tris-HCl buffer (pH 7.2) (in a ratio 19 : 1).
The incubation time was 2 hours. Oxidative stress biomarkers were studied in the incubated
homogenate (control group and in samples with extracts obtained from leaves of E benjamina
and its cultivars).

The 2-thiobarbituric acid reactive substances (TBARS) assay

Lipid peroxidation was evaluated by the production of 2-thiobarbituricacid-reactive substances
(TBARS). An aliquot of the homogenate was used to determine the lipid peroxidation status
of the sample by measuring the concentration of 2-thiobarbituric-acid-reacting substances
(TBARS), according to the method of Kamyshnikov (2004). Reaction mixture contained
sample homogenate (2.1 mL, 10% w/v) in tris-HCl buffer (100 mM, pH 7.2), 2-thiobarbituric
acid (TBA; 0.8%, 1.0 mL), and trichloracetic acid (TCA; 20%, 1.0 mL). The total volume was
kept in a water bath at 100 °C for 10 min. After cooling, the mixture was centrifuged at 3,000 g
for 10 min. The absorbance of the supernatant was measured at 540 nm. TBARS values were
reported as nmoles malonic dialdehyde (MDA) per mg protein.

Carbonyl groups of the oxidatively modified proteins assay

Carbonyl groups were measured as an indication of oxidative damage to proteins according
to the method of Levine and co-workers (1990) in the modification of Dubinina and
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co-workers (1998). Samples were incubated at room temperature for 1 h with 10 mM
2,4-dinitrophenylhydrazine (DNTP) in 2M HCI. Blanks were run without DNTP. Afterwards,
proteins were precipitated with 20% TCA and centrifuged for 20 min at 3,000 g. The protein
pellet was washed three times with ethanol: ethyl acetate (1 : 1) and incubated at 37 °C
until complete resuspension. The carbonyl content was measured spectrophotometrically at
370 nm (aldehydic derivatives, OMP,, ) and at 430 nm (ketonic derivatives, OMP,, ) (molar
extinction coefficient 22,000 M™-cm™) and expressed as nmol per mg protein.

Total antioxidant capacity (TAC) assay

The TAC level in the sample was estimated by measuring the 2-thiobarbituric acid
reactive substances (TBARS) level after Tween 80 oxidation. This level was determined
spectrophotometrically at 532 nm (Galaktionova et al., 1998). Sample inhibits the Fe®*/
ascorbate-induced oxidation of Tween 80, resulting in a decrease in the TBARS level. Briefly,
0.1 mL of sample was added to 2 mL of 1% Tween 80 reagent, 0.2 mL of 1 mM FeSO,, and
0.2 mL of 10 mM ascorbic acid. In the blank assay, 0.1 mL of distilled water was used instead
of the sample. The mixture was incubated for 48 hrs at 37 °C. After cooling, 1 mL of 20%
trichloroacetic acid was added. The mixture was centrifuged at 3000 g for 10 min. After
centrifugation, 1 mL of supernatant and 2 mL of 0.25% 2-thiobarbituric acid were mixed.
The mixture was heated in a water bath at 95 °C for 15 min. The absorbance of the obtained
solution was measured at 532 nm. The absorbance of the blank was defined as 100%. The
level of TAC in the sample (%) was calculated with respect to the absorbance of the blank
sample.

Statistical analysis

The mean + S.E.M. values were calculated for each group to determine the significance of
the intergroup difference. All variables were tested for normal distribution using the
Kolmogorov-Smirnov and Lilliefors test (p >0.05). The significance of differences between the
total antioxidant capacity level (significance level, p <0.05) was examined using the Mann-
Whitney U test (Zar, 1999). All statistical calculation was performed on separate data from
each individual with Statistica 8.0 software (StatSoft, Krakow, Poland).

Results and discussion

In a present study, we have studied the influence of extracts derived from leaves of E benjamina
and its cultivars, grown under glasshouse conditions, on the lipid peroxidation measured by
the quantity of TBARS level in the muscle tissue of rainbow trout after incubation with extracts
in vitro. As presented in Figure 2, our results showed that extracts obtained from leaves of
E benjamina ‘Safari’ and F benjamina ‘Reginald‘ decreased non-significantly the TBARS level
in muscle tissue by 21.4% and by 9% (p >0.05), respectively. On the other hand, extracts
obtained from leaves of F benjamina ‘Baroque‘ and ‘Amstel Gold‘ increased non-significantly
the TBARS level in muscle tissue by 11.6% and by 10.4% (p >0.05), respectively (Figure 2).
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Figure 2 Lipid peroxidation measured by the quantity of TBARS level (nmol MDA-mg protein) in the
muscle tissue of rainbow trout after incubation with buffer extracts obtained from leaves of
Ficus benjamina and its cultivars (M +m, n = 8)

Our results also showed that extracts obtained from leaves of E benjamina and its cultivars
decreased the ketonic derivatives of oxidatively modified proteins in the muscle tissue
by 5.1% (E benjamina), 5.6% (E benjamina ‘Safari‘), 13.1% (F benjamina ‘Baroque‘), 5.9%
(E benjamina ‘Amstel Gold‘), and 1.8% (FE benjamina ‘Reginald‘). This decrease was non-
statistically significant (p >0.05). Aldehydic derivatives content was ranged on the control
group level (Figure 3).
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Figure 3 Level of the aldehydic and ketonic derivatives (nmol'mg™ protein) in the muscle tissue of

rainbow trout after incubation with buffer extracts obtained from leaves of Ficus benjamina
and its cultivars (M #m, n = 8)
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In a present study, we also have investigated the influence of extracts derived from leaves of
E benjamina and its cultivars on the total antioxidant capacity in the muscle tissue of rainbow
trout after incubation with extracts in vitro. Our results showed that extracts obtained from
leaves of F benjamina and its cultivars increased efficiently the TAC level in muscle tissue by
76.9% (F benjamina), 66.9% (F benjamina ‘Safari‘), 70.5% (F. benjamina ‘Baroque‘), 49.4%
(F benjamina ‘Amstel Gold‘), and 42.8% (F benjamina ‘Reginald‘) (p <0.05) (Figure 4).
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Figure 4 The total antioxidant capacity in the muscle tissue of rainbow trout after incubation with buffer

extracts obtained from leaves of Ficus benjamina and its cultivars (M +m, n = 8).* - the changes
are statistically significant (p <0.05) compared to the control group

Therefore, the results suggested that the extracts screened could be a potential source of
natural antioxidants. Supplementation of extracts obtained from leaves of F benjamina and
its cultivars caused to increase of antioxidant responses in muscle tissue of trout. It would
be reasonable to suggest that these antioxidant effects are determined by their by-products,
i.e. flavonoids. Indeed, the results of Imran et al. (2014) indicated that E benjamina is
a good source of antioxidants with high reducing power. E benjamina disclosed substantial
bioactivity, and this plant can be regarded as a potential source of antioxidant agents. The
root and leaves showed good antioxidant activity, whereas stem extract and fractions revealed
good antimicrobial activity. E benjamina disclosed substantial bioactivity, being root extract
and fractions the most active. This plant can be regarded as a potential source of antioxidant
and antimicrobial agents. This investigation is in line with our previous works which have
revealed a great potential of Ficus species as plants with potent antimicrobial properties. In
our previous study, the in vitro antimicrobial activity of the ethanolic leaf extracts of various
Ficus species against fish pathogens was evaluated (Tkachenko et al., 2016-2017).

Imran et al. (2014) in their study revealed that the methanol extract and n-butanol fraction
showed greater percent inhibition of linoleic acid system, compared to other fractions. The
percent inhibition in the linoleic acid system for stem was in the range of 16.94-78.16, in root
20.57-85.87 and leaves 26.82-69.81%. The maximum percent inhibition was determined
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by methanol extract (85.87) and butanol fraction (81.48) of the root. The results of Imran
et al. (2014) experiments revealed that the antioxidant potential of plant increased linearly
with the increase in concentration. The methanol extract as well as fractions of root exhibited
a linear rise in absorbance value for various concentrations 0.56 nm: 2.5 (mg.mL™), 0.87 nm:
5 (mgmL™?), 1.03 nm: 7.5 (mg.mL™) and 1.49 nm: 10 (mg.mL™). The presence of phenolic
compounds might be the reason for reducing power. The results of this assay indicated that
the plant is a good source of antioxidants with high reducing power. Methanol extracts of
stem, root, and leaves exhibited IC, values of 50.1, 58.81 and 49.86 ug.mL'l, respectively. The
maximum value of IC., was demonstrated by root’s fraction of n-hexane (580.75 pg.mL™),
indicating that this fraction showed minimum free radical scavenging activity. Unlike the
n-hexane fraction, chloroform and ethyl acetate fractions exhibited lower values of IC..
The methanol extract and n-butanolic fractions showed maximum free radical scavenging
activity. The n-hexane fractions of root revealed the maximum value of IC, (580.75 pgmL™).
Methanol and n-butanol fractions exhibited the lowest IC., values, showing a maximum value
(158.34 ug.mL™) for root (Imran et al., 2014).

Literature reports indicate that the power of bioactive compounds is associated with the
antioxidant activity of E benjamina (Mousa et al., 1994; Parveen et al., 2009; Ogunwande et al,,
2012; Yarmolinsky et al., 2012; Imran et al., 2014). Essential oils obtained by hydrodistillation
of leaves of E benjamina were analyzed for their constituents by gas chromatography (GC)
and gas chromatography-mass spectrometry (GC-MS) by Ogunwande et al. (2012). The
leaf oil of E benjamina, collected during the day, contained high contents of alpha-pinene
(13.9%), abietadiene (9.7%), cis-alpha-bisabolene (8.2%) and germacrene-D-4-ol (8.4%),
while the night sample was dominated by germacrene-D-4-o0l (31.5%), 1,10-di-epi-cubenol
(8.8%) and hexahydro farnesyl acetone (8.3%). This could be a possible indication of
differences in emissions of volatiles by F benjamina during the day and night (Ogunwande
etal, 2012). Imran et al. (2014) showed that the HPLC analysis for the presence of phenolic
acids permitted the identification of 5 phenolic acids, three in the stem, four in root and
one in leaves. E benjamina fruit extracts also showed antitumor and antibacterial activity
(Mousa et al., 1994), while aqueous and alcoholic leaf extracts had significant antinociceptive
activity (reducing sensitivity to painful stimuli) in analgesia test (Parveen et al., 2009). The
fruit extracts of F sycomorus, FE benjamina, FE benghalensis, and E religiosa were screened
for bioactivity. E bengalensis and F religiosa demonstrated activity in the brine shrimp test
(Artemia salina) which indicates toxicity, whereas F sycomorus and F benjamina showed no
activity. All the fruit extracts exhibited antitumor activity in the potato disc bioassay. None of
the tested extracts showed any marked inhibition of the uptake of calcium into rat pituitary
cells GH4C1. The extracts of the four tested Ficus species had significant antibacterial activity,
but no antifungal activity (Mousa et al., 1994). The aqueous and alcoholic extracts of leaves of
F. bejamina showed significant antinociceptive activity in an analgesiometer test (Parveen et
al,, 2009). The presence of polyphenols in F benjamina glandular epithelium has been reported
(Pennisi et al., 1999). A new triterpene, named serrate-3-one, along with phytoconstituents
pentacontanyl decanoate, friedelin and beta-sitosterol have been detected in E benjamina
(var. comosa) benzenoid extracts (Parveen et al, 2009). All flavone glycosides quercetin
3-O-rutinoside (1), kaempferol 3-O-rutinoside (2) and kaempferol 3-O-robinobioside (3)
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from E benjamina showed high antiviral activity against Herpes Simplex Virus 1 and 2 (HSV-1
and HSV-2) without any significant activity against Varicella Zoster Virus (VZV) in the study
of Yarmolinsky et al. (2012). Kaempferol 3-O-robinobioside showed the highest antiherpetic
activity, similar to that of acyclovir (ACV). The highest antiviral activity of all these flavone
glycosides was obtained when the infected cells were treated during and after infection
(Yarmolinsky et al., 2012).

Flavonoids and phenolic acids may be responsible for antioxidant activities of Ficus benjamina
and its cultivars in the muscle tissue of rainbow trout after in vitro incubation. Indeed,
flavonoids act in plants as antioxidants, antimicrobials, photoreceptors, visual attractors,
feeding repellants, and light screening. Many studies have suggested that flavonoids exhibit
biological activities, including antiallergenic, antiviral, anti-inflammatory, and vasodilating
actions. However, most interest has been devoted to the antioxidant activity of flavonoids,
which is due to their ability to reduce the free radical formation and to scavenge free radicals
(Pietta, 2000). Mechanisms of antioxidant action can include (1) suppression of ROS formation
either by inhibition of enzymes or by chelating trace elements involved in a free radical
generation; (2) scavenging ROS; and (3) upregulation or protection of antioxidant defences
(Kumar and Pandey, 2013). Flavonoids inhibit the enzymes involved in ROS generation, that s,
microsomal monooxygenase, glutathione S-transferase, mitochondrial succinoxidase, NADH
oxidase, and so forth (Brown et al., 1998).

Antioxidant activity usually means the ability of a compound to delay, inhibit or prevent the
oxidation of oxidizable materials by scavenging free radicals and reducing oxidative stress
(Bhanwase and Alagawadi, 2016). Therefore, the antioxidant containing in F benjamina leaf
extracts may offer resistance to rainbow trout against the oxidative stress by scavenging the
free radicals, inhibiting lipid peroxidation and by many other mechanisms and thus prevents
diseases by elevating the specific immune response.

Conclusions

Present study ascertained the antioxidant potency of the extracts obtained from leaves
of E benjamina and its cultivars as a potential source of natural antioxidants. Ficus benjamina
disclosed substantial bioactivity, and this plant can be regarded as a potential source
of antioxidant agents. Thus, the results of this study provide a new perspective on the use
of various Ficus species as a medicinal plant to improve the antioxidant response of rainbow
trout. Further studies including the use of other medicinal plants as food additives in
aquaculture, the assessment of their antioxidant effects on various tissues of salmonids are
in progress.
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The aim of this study was to screen the antibacterial efficacy of ethanolic extract obtained from the
leaves of Ficus natalensis subsp. natalensis Hochst. against fish pathogens, Aeromonas hydrophila,
Citrobacter freundii, Pseudomonas fluorescens, Yersinia ruckeri and to evaluate the possible use of this
plant in preventing infections caused by these bacteria in aquaculture. The bacterial growth inhibition
tests were carried out using agar well diffusion method with the use of crude ethanolic extract. Muller-
Hinton agar plates were inoculated with 200 and 400 pL of standardized inoculum (10® CFU.mL™)
of the bacterium. In our study, the A. hydrophila strain (200 and 400 pl of standardized inoculum)
revealed intermediate susceptibility to an ethanolic extract (inhibition zone diameters ranged from
10.0 to 11.8 mm). C. freundii (200 and 400 pl) was resistant to ethanolic extract (7.5 and 11.7 mm). The
extract exhibited intermediate antibacterial activity against P. fluorescens causing a zone of inhibition,
comprising atleast 10.2-12.8 mm for 200 pL and 7.4-11.2 mm for 400 pL of bacterium strain. Y. ruckeri
(200 and 400 pl) revealed intermediate susceptibility (8.0 and 16.5 mm). This may be because the
herbs have more than one extractable active compound that provides antimicrobial activity. Further
chemical analysis of the aforementioned plant extract should be performed to determinate chemical
composition and identify the exact phytocompounds responsible for the antimicrobial activity.

Keywords: Aeromonas hydrophila, Citrobacter freundii, Pseudomonas fluorescens, Yersinia ruckeri,
antimicrobial activity, disc diffusion technique, ethanolic extract

Introduction

Currently, outbreaks of parasitic, bacterial, and fungal diseases act as major limiting factors
for fish farming, meaning that producers have to make use of massive amounts of antibiotics,
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disinfectants, and pesticides in order to control mortality and avoid huge economic losses
(Valladao etal,, 2015).In this context, there isan urgent need for the development of alternative
therapies against bacterial pathogens in aquaculture production. Consequently, several
alternatives to the use of antibiotics have been applied successfully in aquaculture (Romero et
al,, 2012). The use of probiotics or beneficial bacteria, which control pathogens through a variety
of mechanisms, is increasingly viewed as an alternative to antibiotic treatment (Balcazar et
al.,, 2006). Other sources of alternative treatment are essential oils and plant-derived extracts,
which have been used in vivo as antibacterial agents to control bacterial infections (Cowan,
1999). There is documented evidence for the development of resistance of fish pathogens to
antimicrobial agents (McPhearson et al,, 1991; Founou et al,, 2016; Gabriel et al.,, 2017). After
the emergence of multi-drug resistant pathogens in aquaculture, the research for new remedy
alternatives has led to the recognition of the potential of plant extracts for treating the infections
associated to fish pathogens (McPhearson et al, 1991). These compounds may constitute
alternative prophylactic and therapeutic agents in aquaculture because of their antibacterial
properties (Turker and Yildirim, 2015). Moreover, large numbers of plants have been proven to
be rich sources of cheaper immune-enhancing and growth promoter substances, with a wide
therapeutic and preventive spectrum of activity, potentially useful in solving the multiple
health problems that characterize aquaculture (Diigenci et al., 2003; De Vico et al,, 2018).

In our previous studies, therapeutic potential for the use of various plants of Ficus L. genus in
the control of bacterial diseases was evaluated against fish pathogens in in vitro study with
promising results (Tkachenko et al., 2016-2018). Antibacterial properties of plant extracts
have been by far the most studied bioactivity with potential application in aquaculture
systems (Reverter et al., 2014). Castro and co-workers (2008) have revealed by agar diffusion
assay that 31 methanolic extracts of Brazilian plants presented antibacterial activity against
the fish pathogenic bacteria, i.e. Streptococcus agalactiae, Flavobacterium columnare, and
A. hydrophila. FE columnare being the most susceptible microorganism to most of the tested
extracts. Similarly, Wei and Musa (2008) also studied the susceptibility by assay of minimum
inhibitory concentration (MIC) of two Gram-positive bacteria (Staphylococcus aureus and
Streptococcus agalactiae), four Gram-negative bacteria (C. freundii, Escherichia coli, Vibrio
parahaemolyticus and Vibrio vulnificus) and 18 isolates of Edwardsiella tarda to aqueous
extract of garlic (500, 250, 125, 62.5 mg.mL™), and found that all garlic extracts were effective
against the tested pathogenic bacteria.

The angiosperm family Moraceae Gaudich., or mulberry family, is a diverse group of nearly
1100 species, predominantly woody and with milky latex in all parts of their body, which are
distributed throughout the tropics and subtropics and rarely extend to the temperate zone.
They are represented by a variety of growth forms, such as terrestrial and hemi-epiphytic
trees, shrubs, lianas, subshrubs, and herbs, with small unisexual flowers assembled into
various, often peculiar inflorescences (Datwyler and Weiblen, 2004; Clement and Weiblen,
2009). The pantropical genus Ficus, with its approximately 750 species, is the largest within
the family and one of the most speciose genera of flowering plants. Among all Moraceae,
it is characterized by the presence of waxy glands on vegetative organs, heterostyly, and
prolonged protogyny, that is the anthesis of staminate flowers in already mature fruits. These
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features are functionally linked to the unique pollination mode in Ficus involving mutualistic
relationships with agaonid wasps (order Hymenoptera). The closed urceolate inflorescences
provide a shelter for the development of wasps, which, in turn, are the only pollinators of
these plants ensuring their reproductive propagation (Cook and Rasplus, 2003; Berg and
Corner, 2005). Ficus trees have a number of uses in various industries and fields of human
activity. The reported biological activities of Ficus plants include antioxidant (Mohan et al,,
2015), antiplasmodial (Muregi et al.,, 2003), anticancer (Mbosso et al.,, 2016a), antimicrobial
(Awololaetal.,, 2017), antiulcer (Galati et al., 2001), antidiarrhoeal (Mandal and Kumar, 2002),
anti-pyretic (Rao et al., 2002), and gastroprotective (Rao et al., 2008) properties. Virtually all
parts of their body are utilized in ethnomedicine to cure disorders of digestive and respiratory
systems, skin diseases, parasitic infections, etc. Some species have been cited to have analgesic,
tonic, and ecbolic effects (Lansky and Paavilainen, 2011).

Ficus natalensis subsp. natalensis Hochst. is a monoecious evergreen tree up to 30 m tall or
shrub, hemi-epiphytic or terrestrial, which naturally occurs in southern and eastern Africa. The
leaves are 2.5-10.0 cm long and 1-5 cm across (sub)coriaceous and glabrous, elliptic to oblong
or obovate, with plane margin and acuminate to the rounded apex. Figs are born in the leaf axils
or just below the leaves, pedunculate, globose to ellipsoid to obovoid, 1.5-2.0 cm in diameter,
glabrous, at maturity reddish, orange or yellowish to brown (Berg and Wiebes, 1992).
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Figure 1 Leaves of Ficus natalensis subsp. natalensis Hochst.

Therefore, the aim of this study was to assess the antibacterial efficacy of ethanolic extract
obtained from the leaves of Ficus natalensis subsp. natalensis against fish pathogens, Aeromonas
hydrophila, Citrobacter freundii, Pseudomonas fluorescens, Yersinia ruckeri and to evaluate the
possible use of this plant in preventing infections caused by these bacteria in aquaculture.

The current investigation was conducted as a part of ongoing project between Institute
of Biology and Environmental Protection (Pomeranian University in Slupsk, Poland),
M.M. Gryshko National Botanic Gardens of National Academy of Sciences of Ukraine (Kyiv,
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Ukraine), and Ivan Franko Lviv National University (Lviv, Ukraine) undertaken in the frame
of cooperation program aimed at assessment of medicinal properties of tropical plants,
cultivated in vitro.

Material and methodology

Collection of plant material and preparing plant extract

The leaves of F natalensis subsp. natalensis were sampled at National Botanic Garden,
National Academy of Science of Ukraine (Kyiv, Ukraine) and Botanic Garden of Ivan
Franko Lviv National University (Lviv, Ukraine). The sampled leaves of E natalensis subsp.
natalensis were brought into the laboratory for antimicrobial studies. Freshly crushed leaves
were washed, weighed, and homogenized in 96% ethanol (in proportion 1 : 10) at room
temperature, and centrifuged at 3.000 g for 5 minutes. Supernatants were stored at -20 °C in
bottles protected with the laminated paper until required.

Method of culturing pathological sample and identification method of the bacteria

Aeromonas hydrophila (strain E 2/7/15) and Pseudomonas fluorescens (strain E 1/7/15)
isolated locally from internal organs of rainbow trout (Oncorhynchus mykiss Walbaum)
with clinical features of furunculosis (kidneys were grey, the liver was pale and fragile,
enlarged spleen with exudate in the body cavity), as well as Citrobacter freundii isolated
locally from gill of eel (Anguilla anguilla L.) with clinical features of disease were used as test
organisms. Samples of internal organs (kidneys, spleen, liver) weighing 2 g were taken and
homogenized before preincubation in TSB broth (Trypticase Soy Broth, Oxoid®) for 24 hrs.
After preincubation, bacterial culture was transferred to two different cultivation media: TSA
(Trypticase Soy Agar, Ox0id®) and BHIA (Brain Heart Infusion Agar, Oxoid®) supplemented
with 5% of sheep blood (OIE Fish Diseases Commission, 2000). After 48 hrs of incubation at
27 °C, characteristic pink colonies were selected for further examination.

Theisolates of Y. ruckeriwere collected from clinically healthy fish and fish with clinical symptoms
of yersiniosis. Internal tissues (predominantly pronephros and gills), as well as intestinal
swabs, were sampled. Tissue samples were homogenized and inoculated on nutritional agar
with 5% blood (Columbia Blood Agar, Oxoid®). Following a 24 h incubation period at 25 2 °C,
distinctive colonies were transferred onto TSA. Round, elevated, shining and whitish colonies
without hemolytic properties were considered typical of Y. ruckeri. After 24h-incubation at 25
+2 °C, an oxidase test and Gram-staining were performed. Gram-negative and oxidase-negative
isolates were cultured on TSA medium and incubated for 24 h at 25 *2 °C.

Preliminary characterization of isolates

Bacterial species were identified with the use of the oxidase testand API E test kit (BioMérieux,
France). The results of the test were interpreted in accordance with the manufacturers
protocol, after 24 hrs of incubation at 27 °C. Codes + + V-V--- + V + + + --- + -VV + in API E test
were identified as A. hydrophila. The strain was obtained from Diagnostics Laboratory of Fish
and Crayfish Diseases, Department of Veterinary Hygiene, Provincial Veterinary Inspectorate
in Olsztyn (Poland).
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For characterization of Y. ruckeriisolates, bacteriawere Gram-stained and then morphologically
evaluated. The 24h bacterial culture was wet-mounted and a microscopic smear on the slide
was prepared. Following fixation over the flame, the slide was Gram-stained with a Gram
color set (Merck) according to the manufacturer’s instructions. The shape of the bacteria
was determined by observing the microorganisms under a light microscope at 1000x with
immersion oil (Kocwowa, 1981; Whitman and MacNair, 2004). Motility was examined on
a wet mount. A drop of distilled water was put on a coverslip and bacteria were mounted on
it with drops of distilled water put on the corners of a slip. The slip was then covered with
a special microscopic slide with an indentation and the whole set was vigorously turned. The
motility of the bacteria was evaluated under a light microscope at 400x (Kocwowa, 1981;
Whitman and MacNair, 2004).

Oxidase test was performed according to the manufacturer’s instruction (Merck). Biochemical
properties of individual Y. ruckeri isolates were investigated with the API 20E system
(BioMérieux, France). Tests were performed according to the manufacturer’s instructions.
The results, namely, the presence or a lack of reaction, were read based on the key featured in
the operating procedure provided by the manufacturer of the assay. The results were analyzed
with the Apiweb software (BioMérieux, France) to identify the investigated bacterium.

Bacterial growth inhibition test of plant extracts by the disk diffusion method

Strains tested were plated on TSA medium (Tryptone Soya Agar) and incubated for 24 hr
at 25 °C. Subsequently, the microorganisms were suspended in sterile PBS and the turbidity
adjusted equivalent to that of a 0.5 McFarland standard. The disc diffusion assay (Kirby-Bauer
Method) was used to screen for antibacterial activity (Bauer et al., 1966). Muller-Hinton agar
plates were inoculated with 200 and 400 pL of standardized inoculum (10® CFU.mL™) of the
bacterium and spread with sterile swabs.

Sterile filter paper discs impregnated by extract were applied over each of the culture plates,
15 min after bacteria suspension was placed. The antimicrobial susceptibility testing was done
on Muller-Hinton agar by disc diffusion method (Kirby-Bauer disk diffusion susceptibility test
protocol). A negative control disc impregnated by sterile ethanol was used in each experiment.
The sensitivity of strain was also studied to the commercial preparation with extracts of garlic
(in dilution 1 : 10, 1: 100 and 1 : 1000). After culturing bacteria on Mueller-Hinton agar, the
disks were placed on the same plates and incubated for 24 hrs at 25 °C. The diameters of the
inhibition zones were measured in millimetres and compared with those of the control and
standard susceptibility disks. Activity was evidenced by the presence of a zone of inhibition
surrounding the well.

Statistical analysis

Statistical analysis of the data obtained was performed by employing the mean * standard
error of the mean (S.E.M.). All variables were tested for normal distribution using the
Kolmogorov-Smirnov test (p >0.05). In order to find significant differences (significance level,
p <0.05) between groups, the Kruskal-Wallis test by ranks was applied to the data (Zar, 1999).
All statistical analyses were performed using Statistica 8.0 software (StatSoft, Poland). The
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following zone diameter criteria were used to assign susceptibility or resistance of bacteria
to the phytochemicals tested: Susceptible (S) 215 mm, Intermediate (/) = 11-14 mm, and
Resistant (R) <10 mm (Okoth et al., 2013).

Results and discussion

Data on antimicrobial activities of ethanolic extracts obtained from leaves of E natalensis
subsp. natalensis against Aeromonas hydrophila, Citrobacter freundii, Pseudomonas
fluorescens, Yersinia ruckeri isolated from fish expressed as mean of diameters of inhibition
zone are presented in Figs 2-6. The mean inhibition zone diameter induced by 96% ethanol
was (8.4 £0.6) mm. The ethanolic extract obtained from leaves of E natalensis subsp. natalensis
increased the zone of Aeromonas hydrophila growth inhibition to (11.5 #0.9) mm (200 uL
of standardized inoculum) and (11.3 #1.2) mm (400 pL), respectively. The extract also
increased the inhibition zone for Citrobacter freundii growth - (9.6 +0.95) mm for 200 uL of
standardized inoculum and (10.7 #0.98) mm for 400 uL of standardized inoculum. Similarly,
the growth of Pseudomonas fluorescens was inhibited by application of the ethanolic extract
obtained from leaves of F natalensis subsp. natalensis. The inhibition zone was (11.1 +1.5)
mm for 200 pL of standardized inoculum and (9.8 *1.1) mm for 400 pL of standardized
inoculum. The highest degree of growth inhibition zone (14.4 +1.4) mm was observed for
200 L of Yersinia ruckeri isolated (increased by 71%, p <0.05, compared to control sample),
while 400 pL of standardized inoculum was resistant to an ethanolic extract obtained from
leaves of F. natalensis subsp. natalensis (Figure 2).

Yersinia ruckeri

Pseudomonas fluorescens

Citrobacter freundii

Aeromonas hydrophila

I

Control (96% ethanol)

0 10 15
Inhibition zone diameters (mm)
400 pL of standardized inoculum 200 pL of standardized inoculum
Figure 2 The mean inhibition zone diameters induced by ethanolic extracts obtained from leaves of

E natalensis subsp. natalensis against Aeromonas hydrophila, Citrobacter freundii, Pseudomonas
fluorescens, Yersinia ruckeri. Muller-Hinton agar plates were inoculated with 200 and 400 pL of

standardized inoculum (108 CFU.mL™!) of bacteria
* changes were statistically significant (p <0.05) compared to control sample (96% ethanol)

In our study, the A. hydrophila strain (200 and 400 pl of standardized inoculum) revealed
intermediate susceptibility to an ethanolic extract obtained from leaves of E natalensis subsp.
natalensis (inhibition zone diameters ranged from 10.0 to 11.8 mm) (Figures 2, 3).
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Figure 3 Antimicrobial activity of ethanolic extracts obtained from leaves of F. natalensis subsp. natalensis
(52) against Aeromonas hydrophila. Muller-Hinton agar plates were inoculated with 200 (A)
and 400 pL of standardized inoculum (10® CFU.mL™) of the bacterium (B)

Our results also demonstrated that the C. freundii (200 and 400 pl of standardized inoculum)
was resistant to an ethanolic extract obtained from leaves of F natalensis subsp. natalensis
(inhibition zone diameters ranged between 7.5 and 11.7 mm) (Figure 4).

Figure 4 Antimicrobial activity of ethanolic extracts obtained from leaves of . natalensis subsp. natalensis
(52) against Citrobacter freundii. Muller-Hinton agar plates were inoculated with 200 (A) and
400 pL of standardized inoculum (10° CFU.mL™) of the bacterium (B)

The ethanolic extract derived from E natalensis subsp. natalensis leaves exhibited
intermediate antibacterial activity against Pseudomonas fluorescens causing a zone of
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inhibition, comprising at least 10.2-12.8 mm for 200 pL and 7.4-11.2 mm for 400 pL of
standardized inoculum (10® CFU.mL™) of bacterium strain (Figures 2, 5).

A -

Figure 5 Antimicrobial activity of ethanolic extracts obtained from leaves of . natalensis subsp. natalensis
(52) against Pseudomonas fluorescens. Muller-Hinton agar plates were inoculated with 200 (A)
and 400 pL of standardized inoculum (10® CFU.mL™) of the bacterium (B)

Y. ruckeri (200 and 400 pl of standardized inoculum) revealed intermediate susceptibility to
an ethanolic extract obtained from leaves of E natalensis subsp. natalensis (inhibition zone
diameters were ranged between 8.0 and 16.5 mm) (Figure 6). Moreover, statistically significant
increase (by 71%, p <0.05) of inhibition zone diameters induced by ethanolic extracts obtained
from leaves of E natalensis subsp. natalensis compared to control (96% ethanol) was observed.

Figure 6 Antimicrobial activity of ethanolic extracts obtained from leaves of . natalensis subsp. natalensis
(52) against Yersinia ruckeri. Muller-Hinton agar plates were inoculated with 200 (A) and
400 pL of standardized inoculum (10° CFU.mL™) of the bacterium (B)
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This investigation is in line with our previous works which have revealed a great potential
of Ficus species as plants with potent antimicrobial properties. In our previous study, the
in vitro antimicrobial activity of the ethanolic leaf extracts of various Ficus species against
Citrobacter freundii was evaluated. The results proved that the extracts derived from
E drupacea, F. septica, F. deltoidea as well as E hispida, . mucuso, F. pumila, F. craterostoma
leaves exhibit a favorable antibacterial activity against C. freundii (200 pL of standardized
inoculum) (Tkachenko et al. 2016b). Our results also proved that the ethanolic extracts
obtained from E pumila, E binnendijkii ‘Amstel Gold’, E carica, F erecta, E hispida, F. mucuso,
F palmeri, E religiosa lan eaves possess considerably sufficient antibacterial potential against
C. freundii (Tkachenko et al., 2017c). Among various species of Ficus plants screened ethanolic
extracts of the leaves of ten Ficus species: F hispida, F binnendijkii, E. pumila, E rubiginosa,
E erecta, E erecta var. sieboldii, F. sur, F. benjamina, F. craterostoma, F lyrata, F. palmeri (the
species are listed in the order of effectiveness against pathogen tested) were the most effective
against P, fluorescens (200 uL of standardized inoculum) (Tkachenko et al., 2016a). Moreover,
previous investigation has shown that the most effective against P. fluorescens (400 pL of
standardized inoculum) were the ethanolic extracts obtained from leaves of ten Ficus species:
E craterostoma, F cyathistipula, F. drupacea ‘Black Velvet), E hispida, . macrophylla, E. mucuso,
E pumila, E. villosa (Tkachenko etal.,2016e). In our study, most ethanolic extracts obtained from
Ficus spp. proved effective against the bacterial strain of Gram-negative A. hydrophila tested,
with 10-12 mm zones of inhibition being observed. Interestingly, A. hydrophila demonstrated
the highest susceptibility to F pumila leaf extract. The highest antibacterial activity
against A. hydrophila (200 pL of standardized inoculum) was displayed by F benghalensis,
E benjamina, E. deltoidea, E. hispida, E lyrata leaf extracts (Tkachenko et al., 2016¢,d,f). Among
various species of Ficus genus exhibiting moderate activity against A. hydrophila (400 uL of
standardized inoculum), the highest antibacterial activity was displayed by F benghalensis,
E benjamina, E deltoidea, E hispida, E lyrata leaf extracts (Tkachenko et al,, 2016c¢,d,f).

Our results also demonstrated that the C. freundii revealed intermediate susceptibility to
E hispida (inhibition zone diameters ranged between 11 and 15 mm). A. hydrophila revealed
intermediate susceptibility concerning to ethanolic extract obtained from leaves of E hispida
(inhibition zone diameters were ranged from 8 to 12 mm). The most effective at least causing
a zone of inhibition within 14-16 mm was an ethanolic extract from F hispida leaves against
P, fluorescens both in 200 uL of standardized inoculum of the bacterium (inhibition zone ranged
from 15 to 16 mm in diameter) and 400 pL (14-15 mm) (Tkachenko et al., 2017d). Our results
also indicated that extract obtained from F mucuso offer a promising alternative to the use of
antibiotics in controlling of infection caused by A. hydrophila, C. freundii, P. fluorescens, Y. ruckerli.
In our study, ethanolic extracts obtained from E mucuso proved effective against bacteria
tested, with 10-15 mm zones of inhibition being observed. E mucuso demonstrated the highest
antibacterial activity against C. freundii and P, fluorescens. Among various bacteria tested, the
highest susceptibility for 400 pL of standardized inoculum of C. freundii and P. fluorescens was
noted (Tkachenko et al., 2017¢e). Moreover, the A. hydrophila (200 and 400 pl of standardized
inoculum) revealed intermediate susceptibility to an ethanolic extract obtained from leaves of
E benghalensis (inhibition zone diameters ranged from 8 to 12 mm). The C. freundii strain
(200 and 400 pl of standardized inoculum) displayed mild susceptibility to an ethanolic
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extract obtained from leaves of E benghalensis (inhibition zone ranged between 8 and 10 mm
in diameter). The ethanolic extract derived from E benghalensis leaves exhibited the highest
antibacterial activity against Pseudomonas fluorescens causing a zone of inhibition, comprising
at least 8-14 mm, both in 200 pL and 400 pL of standardized inoculum (10% CFU.mL™) of
bacterium strain. Y. ruckeri isolate (200 and 400 pl of standardized inoculum) revealed good
susceptibility to an ethanolic extract obtained from leaves of E benghalensis (inhibition zone
diameters ranged between 8 and 15 mm) (Tkachenko etal., 2017b). The antimicrobial activity
profile of ethanolic extract obtained from leaves of E pumila against the tested pathogen strains
indicated that Y. ruckeri was the most susceptible bacterium (200 and 400 pl of standardized
inoculum) among all the bacterial test strains. Similarly, P fluorescens was found to be
a sensitive strain (13-14 mm for 200 pL and 9-10 mm for 400 pL of standardized inoculum of
bacterium strain) although A. hydrophila and C. freundii was found to be least susceptible to an
ethanolic extract obtained from leaves of E pumila. Of all the bacterial strains included in the
test, Y. ruckeri (200 and 400 pl of standardized inoculum dilution) and P, fluorescens (200 pl)
were found to be the most susceptible and C. freundii, which is an isolate from gills of eel, was
found to be the least inhibited bacterium (Tkachenko et al., 2018).

Ajaib et al. (2016) also have concluded that methanolic extract of E natalensis bark was
potentially a promising candidate to be used as a natural source of antifungal medicine. The
antimicrobial potential assessment was carried out by using four bacterial strains Escherichia
coli, Pseudomonas aeruginosa (Gram-negative), Staphylococcus aureus and Bacillus subtilis
(Gram-positive) and two fungal strains Aspergillus niger and Aspergillus oryzae. The maximum
antibacterial activity against S. aureus was produced by petroleum ether extract of leaves and
bark with a zone of inhibition 0f 50 £0.51 mm and 55.7 #1.15 mm, respectively. The chloroform
leaves extract also revealed an inhibition zone of 50 +2 mm against S. aureus. Similarly, the
petroleum ether extract of leaves showed significant activity with an inhibition zone of
40 +0.4 mm against B. subtilis. The petroleum ether extract of leaves showed an inhibition
zone of 44.7 +0.57 mm against E. coli. The petroleum ether extract of bark and distilled water
extract of leaves also exhibited good inhibition of 30 £0.57 mm and 30 +0.26 mm respectively
against E. coli. The results of antibacterial activity evaluation against P. aeruginosa were
reported by the petroleum ether extract of bark (47 +0.4 mm). Chloroform and methanol
extracts of bark and petroleum ether and methanolic extracts of leaves gave promising results.
The MIC value of the methanol extracts of bark and leaves at concentration 1.25 mg.mL" and
5 mg.mL™ against E. coli showed less effective, whereas methanolic extracts of bark against
P, aeruginosa inhibited the growth up to concentration of 0.625 mg.mL* but the leaves extract
of methanol against P. aeruginosa lost its activity beyond at concentration of 5 mg.mL™. The
methanolic extracts of bark and leaves reduced the growth of S. aureus up to 0.625 mg.mL™ and
B. subtilis was grown only below the concentration of 0.625 mg.mL™. Assessment of antifungal
activity revealed that A. niger was inhibited by all the extracts with variable potency. The
methanol extract of bark was found to be most potent against A. niger with a zone of inhibition
43.7 +1.527 mm. The petroleum ether extract of leaves was least effective against fungal strain
(9 +0 mm). The petroleum ether extract of bark showed a considerably high activity with a
zone of inhibition 37 +0.577 mm. All extracts showed a moderate level of inhibition against
A. oryzae between 23 +2.645 mm to 34.8 +1.607 mm. The estimation of MIC also supported
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the activity of methanol extract of bark. The methanol extract of bark showed inhibition of A.
niger and A. oryzae up to the concentration of 0.625 mg.mL ™. The methanol extract of leaves
showed low inhibition towards both fungal strains (10 mg.mL™ against A. niger and 5 mg.mL™
against A. oryzae). A. niger was more susceptible to the extracts of the plant, whereas A. oryzae,
was somewhat resistant to the tested extracts (Ajaib et al., 2016).

The crude stem bark and fruit extracts of F natalensis subsp. natalensis were tested for their
antibacterial activity against five Gram-negative and seven Gram-positive strains and for
their potential anti-biofilm activity was evaluated by Awolola et al. (2017). As the result, the
dichloromethane-soluble fruit extract was active against sensitive and resistant Staphylococcus
aureus strains, Enterococcus faecalis, and Staphylococcus xylosus. In the anti-biofilm assay,
exposure to ethyl acetate, methanol and aqueous methanol leaf, stem bark and fruit extracts
decreased adhesion with a biofilm reduction of 2100% for all three tested organisms: E. coli,
P. aeruginosa, and S. aureus. The methanol leaf extract demonstrated the most potent anti-
adhesion potential against E. coli (218% biofilm reduction) (Awolola et al., 2017).

Consequently, the antimicrobial property of F benghalensis leaf extract may be manifested due
to its constituents. As was shown, the phytochemical screening of the leaf, stem bark and fruit
extracts of E natalensis subsp. natalensis (Awolola et al., 2017) detected the presence of four
triterpenoids, ergosta-4,6,8(14),22-tetraene-3-one (1), stigma-4-ene-3-one (2), 3p-hydroxy-
21B-H-hop-22(29)-ene (3), sitosterol and a quinone, tectoquinone (4). These compounds (2,
3 and 4) demonstrated broad-spectrum antibiotic effects against eight of the twelve bacterial
strains tested in a study by Awolola et al. (2017). The isolated compounds exhibited strain-
specific anti-adhesion potential, with biofilm reduction against P aeruginosa, but not E. coli
or S. aureus (Awolola et al.,, 2017). The finding that quinone in terpenoids is an essential
substructure for anti-Gram-positive-bacteria activity has been reported previously (Saruul et
al,, 2015). Menaquinone is a component of electron transport chains in a majority of anaerobic
bacteria and Gram-positive bacteria. Due to its exclusivity in bacteria, menaquinone is thought
to be a potential target for the development of therapeutically effective antibacterial agents
without side effects (Paudel et al., 2016).

Conclusions

An in vitro test for antibacterial activity revealed that 96% ethanolic leaf extract of E natalensis
subsp. natalensis used in this study was able to inhibit the growth of fish pathogens
(Aeromonas hydrophila, Citrobacter freundii, Pseudomonas fluorescens, Yersinia ruckeri).
In our study, the A. hydrophila strain (200 and 400 pl of standardized inoculum) displayed
intermediate susceptibility to an ethanolic extract obtained from leaves of F natalensis subsp.
natalensis (inhibition zone diameters ranged from 10 to 11.8 mm). C. freundii (200 and 400 ul
of standardized inoculum) was resistant to ethanolic extract (inhibition zone diameters ranged
between 7.5 and 11.7 mm). The ethanolic extract derived from E natalensis subsp. natalensis
leaves exhibited intermediate antibacterial activity against Pseudomonas fluorescens causing a
zone of inhibition, comprising at least 10.2-12.8 mm for 200 pL and 7.4-11.2 mm for 400 pL
of standardized inoculum (10® CFU.mL™) of bacterium strain. Y. ruckeri (200 and 400 pl of
standardized inoculum) revealed intermediate susceptibility to an ethanolic extract obtained
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from leaves of E natalensis subsp. natalensis (inhibition zone diameters were ranged between 8.0
and 16.5 mm). This may be because the herbs have more than one extractable active compound
that provides antimicrobial activity. Overall, our findings provide support that further chemical
analysis of the aforementioned plant extracts should be performed to determinate their chemical
composition and identify the exact phytocompounds responsible for the antimicrobial activity.
In addition, they should be subjected to pharmacological evaluations with the aim of assessing
theirs in vivo efficacy, toxicity, potential adverse effects, interactions, and contraindications.

Acknowledgments

This study was carried out during the Scholarship Program supported by The International
Visegrad Fund in the Department of Zoology, Institute of Biology and Environmental
Protection, Pomeranian University in Slupsk (Poland). We thank The International Visegrad
Fund for the supporting our study.

References
AJAIB,M., ALMAS, M., KHAN, K.M.,PERVEEN, SH.,SHAH, SH. 2016. Phytochemical Screening, Antimicrobial
and Antioxidant Activities of Ficus natalensis. In J. Chem. Soc. Pak., vol. 38(2), p. 345-351.

AWOLOLA, G.V, CHENIA, H., BAIJNATH, H., KOORBANALLY, N.A. 2017. Anti-adhesion potential of non-
polar compounds and extracts from Ficus natalensis. In Revista Brasileira de Farmacognosia, vol.
27,p.599-602. http://dx.doi.org/10.1016/j.bjp.2017.07.004

BALCAZAR, ].L.,, DE BLAS, I, RUIZ-ZARZUELA, I, CUNNINGHAM, D., VENDRELL, D., MUZQUIZ, J.L. 2006.
The role of probiotics in aquaculture. In Vet. Microbiol, vol. 114(3-4), p. 173-186.

BAUER, AW, KIRBY, WM., SHERRIS, J.C, TURCK, M. 1966. Antibiotic susceptibility testing by
a standardized single disk method. In Am. J. Clin. Pathol., vol. 45(4), p. 493-496.

BERG, C.C., CORNER, E.J.H. 2005. Moraceae (Ficus). In: Noteboom H.P. (ed.) Flora Malesiana, Ser. 1, vol.
17, Part 2. National Herbarium Nederland, Leiden, p. 1-730.

BERG, C.C., WIEBES, ].T. 1992. African fig trees and fig wasps. Koninklijke Nederlandse Akademie van
Wetenschappen, Verhandelingen Afdeling Natuurkunde, 2de reeks, deel 89. North-Holland,
Amsterdam, 298 p.

CASTRO, S.B.R,, LEAL, C.A.G., FREIRE, ER,, CARVALHO, D.A,, OLIVEIRA, D.F, FIGUEIREDO, H.C.P. 2008.
Antibacterial activity of plant extracts from Brazil against fish pathogenic bacteria. In Braz. J.
Microbiol., vol. 39, p. 756-760.

CLEMENT, W.L., WEIBLEN, G.D. 2009. Morphological evolution in the mulberry family (Moraceae). In
Systematic Botany, vol. 34(3), p. 530-552.

COOK, J.M., RASPLUS, ].-Y. 2003. Mutualists with attitude: coevolving fig wasps and figs. In Trends in
Ecology & Evolution, vol. 18(5), p. 241-248.

COWAN, M.M. 1999. Plant products as antimicrobial agents. In Clin. Microbiol. Rev., vol. 12(4), p. 564-582.

DATWYLER, S.L., WEIBLEN, G.D. 2004. On the origin of the fig: phylogenetic relationships of Moraceae
from ndhF sequences. In American Journal of Botany, vol. 91(5), p. 767-777.

DE VICO, G., GUIDA, V., CARELLA, F. 2018. Urtica dioica (Stinging Nettle): A Neglected Plant With
Emerging Growth Promoter/Immunostimulant Properties for Farmed Fish. In Front Physiol., vol.
9, p- 285. http://dx.doi.org/ 10.3389/fphys.2018.00285

DUGENCI, S.K., ARDA, N., CANDAN, A. 2003. Some medicinal plants as immunostimulant for fish. In J.
Ethnopharmacol., vol. 88(1), p. 99-106.

-181 -


http://dx.doi.org/10.1016/j.bjp.2017.07.004
http://dx.doi.org/%2010.3389/fphys.2018.00285

Tkachenko, H., Buyun, L., Kasiyan, O., Terech-Majewska, E., Honcharenko, V., Prokopiv, A., Osadowski, Z.
Agr.bio.div. Impr. Nut., Health Life Qual., 2018, 170-183

FOUNOU, L.L.,, FOUNOU, R.C., ESSACK, S.YU. 2016. Antibiotic resistance in the food chain: a developing
country-perspective. In Front. Microbiol, vol. 7, p. 1881. http://dx.doi.org/10.3389 /fmicb.2016

GABRIEL, N.N,, QIANG, J., KPUNDEH, M.D., XU, P. 2015. Use of herbal extracts for controlling reproduction
in Tilapia culture: Trends and Prospects - a Review. In The Israeli Journal of Aquaculture - Bamidgeh,
IJA. Available at: http://www.siamb.org.il

KOCWOWA, E. 1981. Cwiczenia z mikrobiologii ogéInej. Pafistwowe Wydawnictwo Naukowe, Warszawa,
78-85.

LANSKY, E.P, PAAVILAINEN, H.M. 2011. Figs: the genus Ficus. In: Hardman R. (ed.) Traditional herbal
medicines for modern times, vol. 9. CRC Press, Boca Raton, p. 1-357.

MANDAL, S.C., KUMAR, C.K.A. 2002. Study of anti-diarrhoeal activity of Ficus hispida leaf extract in rats.
In Fitoterapia, vol. 73, p. 663-667. http://dx.doi.org/10.1016/S0367-326X(02)00225-3

MBOSSO TEINKELA, J.E, SIWE NOUNDOU, X, NGUEMFO, E.L, MEYER, F, DJOUKOUE, A., VAN
ANTWERPEN, P, NGOUELA, S., TSAMO, E.,, MPONDO MPONDO, E.A., VARDAMIDES, ].C., AZEBAZE,
G.A., WINTJENS, R. 2016. Identification of compounds with anti-proliferative activity from the
wood of Ficus elastica Roxb. ex Hornem. aerial roots. In Fitoterapia, vol. 112, p. 65-73. http://
dx.doi.org/10.1016/j.fitote.2016.05.002

MCPHEARSON, R.M., DEPAOLA, A., ZYWNO, S.R., MOTES, M.L.JR,, GUARINO, A.M. 1991. Antibiotic
resistance in Gram-negative bacteria from cultured catfish and aquaculture ponds. In Aquaculture,
vol. 99(3-4), p. 203-211. http://dx.doi.org/ 10.1016/0044-8486(91)90241-X

MOHAN, V.R., NISHANTHINI, A, DEV], G.S. 2015. Evaluation of antioxidant properties of Ficus bengalensis
Bark. In International Journal of Pharmacognosy and Phytochemical Research, vol. 7(4), p. 758-763.

OKOTH, D.A.,, CHENIA, H.Y., KOORBANALLY, N.A. 2013. Antibacterial and antioxidant activities of
flavonoids from Lannea alata (Engl.) Engl. (Anacardiaceae). In Phytochem. Lett., vol. 6, p. 476-481.
http://dx.doi.org/10.1016/j.phytol.2013.06.003

PAUDEL, A, HAMAMOTO, H., PANTHEE, S., SEKIMIZU, K. 2016. Menaquinone as a potential target of
antibacterial agents. In Drug Discov. Ther., vol. 10(3), p. 123-128. http://dx.doi.org/10.5582/
ddt.2016.01041

RAO, B.R., ANUPAMA, K., ANAND, S.K.R.L.,, MURUGESAN, T, PAL, M., MANDAL, S.C. 2002. Evaluation of
anti-pyretic potential of Ficus racemosa bark. In Phytomedicine, vol. 9, p. 731-733.

RAO, C.V, VERMA, AR, VIJAYAKUMAR, M., RASTOG], S. 2008. Gastroprotective effect of standardized
extract Ficus glomerata fruit on experimental gastric ulcers in rats. In J. Ethnopharmacol, vol. 115,
p. 323-326. http://dx.doi.org/10.1016/j.jep.2007.09.019

REVERTER, M., BONTEMPS, N., LECCHINI, D., BANAIGS, B., SASAL, P. 2014. Use of plant extracts in
fish aquaculture as an alternative to chemotherapy: Current status and future perspectives. In
Aquaculture, vol. 433, p. 50-61.

ROMERQO, ], FEIJOO, C.G., NAVARRETE, P. 2012. Antibiotics in aquaculture - use, abuse and alternatives.
In: Carvalho E.D., David G.S., Silva R.]., editors. Health and environment in aquaculture. Rijeka:
InTech; p. 159-198.

SARUUL, E., MURATA, T, SELENGE, E., SASAK]I, K., YOSHIZAK]I, F,, BATKHUU, J. 2015. An antibacterial
ortho-quinone diterpenoid and its derivatives from Caryopteris mongolica. In Bioorg. Med. Chem.
Lett., vol. 25(12), p. 2555-2558. http://dx.doi.org/10.1016/j.bmcl.2015.04.048.

TKACHENKO, H.,BUYUN, L., KASIYAN, O.,, TERECH-MAJEWSKA, E., 0OSADOWSKI, Z.2018. The antibacterial
activity of the ethanolic leaf extract of Ficus pumila L. (Moraceae) against fish bacterial pathogens.
In Scientific Journal of DALRYBVTUZ, vol. 45(2), p. 20-30.

TKACHENKO, H. BUYUN, L., OSADOWSKI, Z., HONCHARENKO, V., PROKOPIV, A. 2017a. The
antimicrobial efficacy of ethanolic extract obtained from Ficus benghalensis L. (Moraceae) leaves.
In Agrobiodiversity for improving nutrition, health, and life quality, 1, p. 438-445. http://dx.doi.
org/10.15414/agrobiodiversity.2017.2585-8246.438-445

-182 -


http://dx.doi.org/10.3389/fmicb.2016
http://www.siamb.org.il
http://dx.doi.org/10.1016/S0367-326X%2802%2900225-3
http://dx.doi.org/10.1016/j.fitote.2016.05.002
http://dx.doi.org/10.1016/j.fitote.2016.05.002
http://dx.doi.org/%2010.1016/0044-8486%2891%2990241-X
http://dx.doi.org/10.1016/j.phytol.2013.06.003
http://dx.doi.org/10.5582/ddt.2016.01041
http://dx.doi.org/10.5582/ddt.2016.01041
http://dx.doi.org/10.1016/j.jep.2007.09.019
http://dx.doi.org/10.1016/j.bmcl.2015.04.048
http://dx.doi.org/10.15414/agrobiodiversity.2017.2585-8246.438-445
http://dx.doi.org/10.15414/agrobiodiversity.2017.2585-8246.438-445

Tkachenko, H., Buyun, L., Kasiyan, O., Terech-Majewska, E., Honcharenko, V., Prokopiv, A., Osadowski, Z.
Agr.bio.div. Impr. Nut., Health Life Qual., 2018, 170-183

TKACHENKO, H., BUYUN, L, OSADOWSK], Z., TERECH-MAJEWSKA, E., HONCHARENKO, V., PROKOPIV, A.
2017b. Comparative study of the antimicrobial efficacy of the ethanolic leaf extract of Ficus benghalensis
L. (Moraceae) against bacterial fish pathogens. In Stupskie Prace Biologiczne, vol. 14, p. 209-228.

TKACHENKO, H., BUYUN, L., TERECH-MAJEWSKA, E., 0OSADOWSKI, 0., SOSNOVSKY], Y., HONCHARENKO,
V., PROKOPIV, A. 2016a. In vitro antibacterial efficacy of Ficus spp. against the fish pathogen,
Pseudomonas fluorescens. In Proceedings of the International Forum “The Current State and Prospects
for the Development of Aquaculture in the Caspian Region dedicated to the 85" anniversary of
Dagestan State University and the 75" anniversary of Professor F. Magomayev. Ed. F. Magomayev,
S. Chalayeva, S. Kurbanova, A. Shakhnazova. Makhachkala, Printing house IPE RD, p. 182-189.

TKACHENKO, H., BUYUN, L., TERECH-MAJEWSKA, E., 0OSADOWSK], Z. 2016b. Antibacterial activity of
ethanolic leaf extracts obtained from various Ficus species (Moraceae) against the fish pathogen,
Citrobacter freundii. In Baltic Coastal Zone - Journal of Ecology and Protection of the Coastline, vol.
20, p. 117-136.

TKACHENKO, H., BUYUN, L., TERECH-MAJEWSKA, E., OSADOWSKI, Z. 2016c. In vitro antimicrobial
activity of ethanolic extracts obtained from Ficus spp. leaves against the fish pathogen Aeromonas
hydrophila. In Arch. Pol. Fish., vol. 24, p. 219-230.

TKACHENKO, H., BUYUN, L., TERECH-MAJEWSKA, E., OSADOWSK], Z. 2017c. Antibacterial screening
of ethanolic extracts obtained from leaves of various Ficus species (Moraceae) against Citrobacter
freundii. In Trudy VNIRO, vol. 167, p. 138-149.

TKACHENKO, H., BUYUN, L., TERECH-MAJEWSKA, E., OSADOWSK]I, Z. 2017d. Screening for antimicrobial
activities of the ethanolic extract derived from Ficus hispida L.f. leaves (Moraceae) against fish
pathogens. In Scientific Journal of DALRYBVTUZ, vol. 41, p. 56-64.

TKACHENKO, H., BUYUN, L., TERECH-MAJEWSKA, E., OSADOWSK]I, Z. 2017e. Screening for antimicrobial
activities of the ethanolic extract derived from Ficus mucuso Welw. ex Ficalho leaves (Moraceae)
against bacterial fish pathogens. In Scientific Journal of DALRYBVTUZ, vol. 42, p. 25-36.

TKACHENKO, H., BUYUN, L., TERECH-MAJEWSKA, E., 0SADOWSKI, Z., SOSNOVSKY]I, Y, HONCHARENKO,
V., PROKOPIV, A. 2016d. The antimicrobial activity of some ethanolic extracts obtained from Ficus
spp- leaves against Aeromonas hydrophila. In Trudy VNIRO, vol. 162, p. 172-183.

TKACHENKO, H., BUYUN, L., TERECH-MAJEWSKA E., 0OSADOWSK]I, Z., SOSNOVSKY]I, Y., HONCHARENKO,
V., PROKOPIV, A. 2016e. In vitro antibacterial efficacy of various ethanolic extracts obtained from
Ficus spp. leaves against the fish pathogen, Pseudomonas fluorescens. In Globalisation and regional
environment protection. Technique, technology, ecology. Sci. eds T. Noch, W. Mikotajczewska, A.
Wesotowska. Gdansk, Gdansk High School Publ., vol. 2016, p. 265-286.

TKACHENKO, H., BUYUN, L., TERECH-MAJEWSKA, E., SOSNOVSKY]I, Y., HONCHARENKO, V., PROKOPIV,
A. 2016f. In vitro inhibition of Aeromonas hydrophila growth by ethanolic extracts obtained from
leaves of various Ficus species (Moraceae). In Proceedings of V scientific and practical conference
of International Association of Parasilotogists “Parasitic systems and parasitocoenoses of animals”
Vytebsk, p. 231-234.

TURKER, H., YILDIRIM, A.B. 2015. Screening for antibacterial activity of some Turkish plants against fish
pathogens: a possible alternative in the treatment of bacterial infections. In Biotechnol. Biotechnol.
Equip., v1. 29(2), p. 281-288.

VALLADAO, G.M., GALLANI, S.U., PILARSKI, F. 2015. Phytotherapy as an alternative for treating fish
disease. In J. Vet. Pharmacol. Ther., vol. 38(5), p. 417-428. http://dx.doi.org/10.1111/jvp.12202

WE]I, L., MUSA, N. 2008. Inhibition of Edwardsiella tarda and other fish pathogens by Allium sativum L.
(Alliaceae) extract. In Am.-Eur. J. Agric. Environ. Sci., vol. 3, p. 692-696.

WHITMAN, K.A, MACNAIR, N.G. 2004. Finfish and shellfish bacteriology manual: techniques and
procedures. Blackwell Publishing Company, lowa, USA.

ZAR, ].H. 1999. Biostatistical Analysis. 4™ ed,, Prentice-Hall Inc., Englewood Cliffs, New Jersey.

-183 -


http://dx.doi.org/10.1111/jvp.12202

O®@ https://doi.org/10.15414/agrobiodiversity.2018.2585-8246.184-200

©

)
@ I -3

OXIDATIVE STRESS BIOMARKERS IN THE EQUINE PLASMA
AND ERYTHROCYTES TREATED IN VITRO BY LEAF EXTRACT
OBTAINED FROM FICUS RELIGIOSA L. (MORACEAE)

Tkachenko Halyna*', Buyun Lyudmyla? Osadowski Zbigniew?,
Honcharenko Vitaliy?, Prokopiv Andriy**

nstitute of Biology and Environmental Protection, Pomeranian University in Stupsk, Poland
ZM.M. Gryshko National Botanic Garden, National Academy of Science of Ukraine, Kyiv, Ukraine

3Ivan Franko Lviv National University, Lviv, Ukraine
“Botanic Garden of Ivan Franko Lviv National University, Lviv, Ukraine

Received: 11. 10. 2018 Revised: 28. 10. 2018 Published: 10. 12. 2018

In the present study, we highlight the antioxidant potential of aqueous extract of Ficus religiosa L.
leaves in equine plasma and erythrocyte suspension. In this study, we have focused on the antioxidant
effect of leaf extract obtained from F religiosa on oxidative stress biomarkers [2-thiobarbituric acid
reactive substances (TBARS), carbonyl derivatives content of protein oxidative modification (OMP),
total antioxidant capacity (TAC)] using the equine erythrocytes model. Freshly collected leaves were
washed, weighted, crushed, and homogenized in 0.1 M phosphate buffer (pH 7.4) (in proportion
1:19, w/w). The equine erythrocyte aliquots and plasma were used in the study. A volume of 0.1 ml
of the F religiosa extract was added to 1.9 ml of clean equine erythrocytes or 1.9 ml of plasma. For
positive control (blank), phosphate buffer was used. Treatment by extract reduced the erythrocytes
TBARS level by 25.3% (p = 0.009), while plasma TBARS level was increased by 75.6% (p = 0.000), as
compared to untreated erythrocytes. When plasma was incubated with extract, the ketonic derivatives
level was significantly increased by 22.8% (p = 0.000), while non-significantly decrease both aldehydic
and ketonic derivatives of OMP was observed. Treatment by E religiosa extract caused the increase of
TAC in plasma and erythrocyte suspension when compared to untreated erythrocytes. However, these
changes were statistically non-significant. All these data suggest that F religiosa could be explored for
its antioxidant potential in equine erythrocyte suspension.

Keywords:  Ficus religiosa, leaf extract, equine erythrocytes, lipid peroxidation, oxidatively modified
proteins, total antioxidant capacity

Introduction

Increase in prevalence of disease-related oxidative stress disorders has been on the rise in
the entire world since the past decades. Oxidative stress has been implicated in numerous
chronic degenerative diseases such as cardiovascular diseases, cancers, type 2 diabetes,
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neurodegenerative diseases, obesity, and hypertension. However, reactive oxygen species
(ROS) may have dual roles in many pathologies (Paur et al, 2011). Oxidative stress,
characterized by an imbalance between oxidants and antioxidants in favor of oxidants, leads
to disruption of redox signaling and physiological function (Sies, 1986, 2015).

[t is clear that a beneficial effect of a large intake of one single antioxidant (such as high-dose
vitamin C, vitamin E, or B-carotene supplement) would not be expected. An alternative and
much more likely strategy would be to test the potential beneficial effects of antioxidant-rich
foods, since such foods typically contain a large combination of different antioxidants, which
are selected through plant evolution to protect every part of the plant cells against oxidative
damage (Blomhoff, 2005; Paur et al., 2011). Significant positive effects with few antioxidant
properties in the modern drugs pave for the alternative medicines in managing the disease
(Lee etal, 2014).

Ficus religiosa L. a large deciduous tree up to 35 m in height known by more than 150 names,
is known to possess high antidiabetic, anticonvulsant, antiamnesic, wound healing, anti-
inflammatory and antibacterial property (Singh et al., 2011). It is native of the sub-Himalayan
tract, Bengal, and central India. E religiosa tree begins its life epiphytically and then strangle
the host by its far-growing roots that extend to the ground, establishing it as an independent
tree. The therapeutic utilities of F religiosa have been indicated in traditional systems of
medicine like Ayurveda, Unani, etc. It has been used to cure the disorders of the central
nervous system (epilepsy, migraine, etc.), endocrine system (diabetes, etc.), gastrointestinal
tract (vomiting, ulcers, stomatitis, constipation, liver diseases, etc.), reproductive system
(menstrual irregularities, etc.), respiratory system (asthma, cough, etc.) and infectious
diseases (chickenpox, elephantiasis, leprosy, tuberculosis, gonorrhea, scabies, etc.) (Singh et
al,, 2011).

Fresh plant materials, crude extracts and isolated components of E religiosa showed a wide
spectrum of in vitro and in vivo pharmacological activities, i.e. antidiabetic, cognitive enhancer,
wound healing, anticonvulsant, anti-inflammatory, analgesic, antimicrobial, antiviral,
hypolipidemic, antioxidant, immunomodulatory, antiasthmatic, parasympathetic modulatory,
estrogenic, antitumor, antiulcer, antianxiety, antihelmintic, endothelin-receptor antagonistic,
apoptosis inducer and hypotensive activity (Singh et al., 2011). Moreover, different extracts of
E religiosa showed high antimicrobial activity (Tkachenko et al., 2016). Medicinal importance
of this plant encouraged us to carry out the antimicrobial investigation of the ethanolic extract
of F religiosa leaves against Gram-negative bacteria Klebsiella pneumoniae (ATCC 700603),
Pseudomonas aeruginosa (ATCC 27853), and Escherichia coli (ATCC 25922), as well as Gram-
positive bacteria Staphylococcus aureus (ATCC 25923) and Streptococcus pneumoniae (ATCC
49619). We noted in preliminary experiments, that ethanolic extract from F religiosa leaves
showed potent antibacterial activity against S. aureus (diameter of growth of inhibition zones
was 20.5 mm), E. coli (16.5 mm), and P. aeruginosa (14.0 mm), while antibacterial activity
against K. pneumonia and S. pneumoniae was less profound (Tkachenko et al., 2016).

An increasing number of studies are published on markers of oxidative stress in a whole
range of human diseases (Frijhoff et al., 2015). The World Health Organization has defined
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a biomarker as any substance, structure, or process that can be measured in the body or its
products and influence or predicts the incidence of outcome or disease (WHO, 2001). The
oxidant and antioxidant equilibrium are known to play an important role in equine medicine
and equine exercise physiology. Moreover, interest in the role of oxidative stress (0S) status
in equine medicine and exercise physiology has increased the need for the development of
reliable methods to assess the biomarkers related to OS (Kusano et al., 2016). Nevertheless,
not many studies have been conducted to quantify the antioxidant effect of leaf extract various
plants on oxidative stress biomarkers in horses (Tkachenko et al,, 2016, 2017).

Consequently, in this study, we have focused on the antioxidant effect of leaf extract obtained
from E religiosa on oxidative stress biomarkers [2-thiobarbituric acid reactive substances
(TBARS), carbonyl derivatives content of protein oxidative modification, total antioxidant
capacity] using the equine plasma and erythrocytes model. Equine erythrocytes are more
sensitive to oxidant-induced damage due to the use of inefficient mechanisms to correct and
protect against oxidative damage, i.e. methemoglobin formation, alteration of aggregation,
and reduction of cellular deformability (Baskurt and Meiselman, 1999). The erythrocytes
represent a good model to evaluate the cytotoxicity of molecules, organic and inorganic,
natural or synthetic, by cellular damage measure and cytotoxicity assay (Pagano and Faggio,
2015). Exposure of erythrocytes to oxidative stress lead to lipid peroxidation that could
alter the membranes of RBCs inducing membrane protein conformation and protein cross-
linking by decreasing membrane protein content and consequently lead to abnormal cell
morphology and hemolysis that could disturb the microcirculation (Asha Devi et al., 2005;
Farag and Alagawany, 2018). Thus, equine erythrocytes were proved to be a good tool for
analyzing the oxidative stress biomarkers as a mechanism of antioxidant action of F. religiosa
leaf extract.

Material and methodology

Collection of plant materials

The leaves of E religiosa were collected in M.M. Gryshko National Botanic Garden (NBG), Kyiv,
Ukraine (Figure 1). The whole collection of tropical and subtropical plants at NBG (including
Ficus spp. plants) has the status of a National Heritage Collection of Ukraine. Plant samples
were thoroughly washed to remove all attached material and used to prepare extracts.

Preparation of plant extracts

Freshly collected leaves were washed, weighted, crushed, and homogenized in 0.1 M phosphate
buffer (pH 7.4) (in proportion 1 : 19, w/w) at room temperature. The extracts were then
filtered and used for analysis. All extracts were stored at -20 °C until use.
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Figure 1 Leaf morphology of F religiosa: A - general view; B - adaxial leaf surface; C - abaxial leaf surface

Horses

Eighteen clinically healthy adult horses from central Pomeranian region in Poland (village
Strzelinko, N 542 30’ 48.0” E 162 57’ 44.9”), aged 8.9 £1.3 years old, including 6 Hucul pony,
5 Thoroughbred horses, 2 Anglo-Arabian horses and 5 horses of unknown breed, were used
in this study. All horses participated in recreational horseback riding. Horses were housed in
individual boxes, with feeding (hay and oat) provided twice a day, at 08.00 and 18.00 h, and
water available ad libitum. Before sampling, all horses were thoroughly examined clinically by
a veterinarian and screened for hematological, biochemical and vital parameters, which were
within reference ranges. The females were non-pregnant.

Collection of blood samples

Blood samples were collected in the morning, 90 minutes after feeding, while the horses were
in the stables (between 8:30 and 10 AM) by jugular venipuncture into tubes with sodium
citrate as the anticoagulant and held on the ice until centrifugation at 3000 rpm for 5 min
to remove plasma Blood was stored into The pellet of blood was re-suspended in 4 mM
phosphate buffer (pH 7.4). A volume of 0.1 ml of the plant extract was added to 1.9 ml of clean
equine erythrocytes or 1.9 ml of plasma. For positive control (phosphate buffer) was used.
After incubation the mixture at 37 °C for 60 min with continuous stirring, it was centrifuged
at 3000 rpm for 5 min. Erythrocytes aliquots were used in the study.

The 2-Thiobarbituric acid reactive substances (TBARS) assay

The level of lipid peroxidation was determined by quantifying the concentration of
2-thiobarbituric acid reacting substances (TBARS) with the Kamyshnikov (2004) method for
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determining the malonicdialdehyde (MDA) concentration. This method isbased on the reaction
of the degradation of the lipid peroxidation product, MDA, with TBA under high temperature
and acidity to generate a colored adduct that is measured spectrophotometrically. Briefly,
0.1 mL of sample (blood, plasma, and erythrocytes’ suspension) was added to 2 mL of distilled
water, 1 mL of 20% TCA and 1 mL of 0.8% TBA. The mixture was heated in a boiling water
bath for 10 minutes. After cooling, the mixture was centrifuged at 3,000 g for 10 minutes. The
pmol of MDA per 1 L was calculated using 1.56-10°> mM™ cm™ as the extinction coefficient.

The carbonyl derivatives content of protein oxidative modification (OMP) assay

To evaluate the protective effects of the extract against free radical-induced protein damage in
equine erythrocytes, a carbonyl derivatives content of protein oxidative modification (OMP)
assay based on the spectrophotometric measurement of aldehydic and ketonic derivatives
in the erythrocytes’ suspension was performed. The rate of protein oxidative destruction
was estimated from the reaction of the resultant carbonyl derivatives of amino acid reaction
with 2,4-dinitrophenylhydrazine (DNFH) as described by Levine and co-workers (1990) and
as modified by Dubinina and co-workers (1995). DNFH was used for determining carbonyl
content in soluble and insoluble proteins. Briefly, 1 mL of 0.1 M DNPH (dissolved in 2M HCI)
was added to 0.1 mL of the sample after denaturation of proteins by 20% trichloroacetic acid
(TCA). After addition of the DNPH solution (or 2M HCI to the blanks), the tubes were incubated
for a period of 1 h at 37 °C. The tubes were spun in a centrifuge for 20 min at 3,000 g. After
centrifugation, the supernatant was decanted and 1 mL of ethanol-ethylacetate solution was
added to each tube. Following the mechanical disruption of the pellet, the tubes were allowed
to stand for 10 min and then spun again (20 min at 3,000 g). The supernatant was decanted
and the pellet washed thrice with ethanol-ethylacetate. After the final wash, the protein was
solubilized in 2.5 mL of 8M urea solution. To speed up the solubilization process, the samples
were incubated in a 90 °C water bath for 10-15 min. The final solution was centrifuged to
remove any insoluble material. The carbonyl content was calculated from the absorbance
measurement at 370 nm and 430 nm, and an absorption coefficient 22,000 M'-cm™. Carbonyl
groups were determined spectrophotometrically from the difference in absorbance at 370 nm
(aldehyde derivatives, OMP,, ) and 430 nm (ketonic derivatives, OMP,, ).

Measurement of total antioxidant capacity (TAC)

The TAC level in the sample was estimated by measuring the 2-thiobarbituric acid
reactive substances (TBARS) level after Tween 80 oxidation. This level was determined
spectrophotometrically at 532 nm (Galaktionova et al., 1998). Sample inhibits the Fe?*/
ascorbate-induced oxidation of Tween 80, resulting in a decrease in the TBARS level. Briefly,
0.1 mL of sample was added to 2 mL of 1% Tween 80 reagent, 0.2 mL of 1 mM FeSO,, and
0.2 mL of 10 mM ascorbic acid. In the blank assay, 0.1 mL of distilled water was used instead
of the sample. The mixture was heated in a water bath for 48 hrs at 372C. After cooling, 1 mL of
20% trichloroacetic acid was added. The mixture was centrifuged at 3000 g for 10 min. After
centrifugation, 2 mL of supernatant and 2 mL of 0.25% 2-thiobarbituric acid were mixed.
The mixture was heated in a water bath at 95 °C for 15 min. The absorbance of the obtained
solution was measured at 532 nm. The absorbance of the blank was defined as 100%. The
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level of TAC in the sample (%) was calculated with respect to the absorbance of the blank
sample.

Statistical analysis

The mean * S.E.M. values were calculated for each group to determine the significance of the
intergroup difference. All variables were tested for normal distribution using the Kolmogorov-
Smirnov and Lilliefors test (p >0.05). The significance of differences between the total
antioxidant capacity level (significance level, p <0.05) was examined using the Mann-Whitney
U test (Zar, 1999). In addition, the relationships between oxidative stress biomarkers were
evaluated using Spearman’s correlation analysis. All statistical calculations were performed
on separate data from each individual with Statistica 8.0 software (StatSoft, Krakow, Poland).

Results and discussion

Recently, a vast number of methods have been developed and used to measure the extent
and nature of oxidative stress, ranging from the oxidation of DNA to proteins, lipids, and free
amino acids (Frijhoffetal., 2015). As we know, lipid peroxidation is one of the consequences of
oxidative damage, and it is one of the chief mechanism for cell injury and death (Cimen Burak,
2008). It is well documented that lipid peroxidation is the process of oxidative degradation
of polyunsaturated fatty acids and its occurrence in biological membranes causes impaired
membrane function, impaired structural integrity (Halliwell and Gutteridge, 1985), decreased
fluidity, and inactivation of a number of membrane-bound enzymes.

Malondialdehyde (MDA), the well-characterized product of the lipid peroxidation of
erythrocytes, is a highly reactive bifunctional molecule, that could impair various membrane
functions by cross-linking the erythrocytes‘ proteins and phospholipids leading to diminished
survival and induce hemolysis (Farag and Alagawany, 2018). Moreover, lipid peroxidation
of erythrocytes may be implicated in cell aging and variable pathological conditions. The
determination of MDA level provides a good measure of lipid peroxidation. The most common
method used to assess the MDA level is the 2-thiobarbituric acid reactive substances (TBARS)
assay. The TBARS content as a biomarker of lipid peroxidation in the equine erythrocytes
suspension after in vitro incubation with E religiosa leaf extract and shown in Figure 2A. As
shown in Figure 2A, treatment by extract reduced the erythrocytes TBARS level by 25.3%
(p=0.009), while plasma TBARS level was increased by 75.6% (p = 0.000) when compared to
untreated erythrocytes.

Nevertheless, it was noted that despite their widespread use, all methods that detect both
MDA and TBARS have their pitfalls (Spickett et al., 2010). Specifically, Moore and Roberts
(1998) have found that in the TBARS assay, up to 98% of the measured MDA can be formed by
the high-temperature conditions during the procedure itself.

Oxidative damage of proteins can occur directly by the interaction of the protein with ROS
or indirectly by the interaction of the protein with a secondary product (resulting from the
interaction of radical with lipid or sugar molecule). Modification of a protein under oxidative
stress can occur via peptide backbone cleavage, cross-linking, and/or modification of the side
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chain of virtually every amino acid (Dalle-Donne et al., 2006; Fisher-Wellman and Bloomer,
2009). Moreover, most protein damage is irreparable and oxidative modification of the protein
structure can lead to loss of enzymatic, contractile, or structural function in the affected
proteins, thus making them increasingly susceptible to proteolytic degradation (Levine
and Stadtman, 2001; Fisher-Wellman and Bloomer, 2009). Albumin is the main (48-76% of
total proteins) and the most osmotically active protein fraction of a horse serum (Winnicka,
2011) whereas a globulin fraction is a heterogeneous group of blood proteins including
carrier proteins, enzymes, immunoglobulins and other inflammatory molecules (Abeni et al.,
2013). ROS induced oxidation of arginine, lysine, threonine, or proline amino acid residues
generates reactive carbonyl derivatives (RCD), which can be readily measured by reaction
with 2,4-dinitrophenylhydrazine (Radak et al., 2000, 2002). Protein RCD is used very often as
a marker of oxidative modification of proteins (Radak et al., 2000, 2002, 2008). When equine
plasma was incubated with extract, the ketonic derivatives level was significantly increased
by 22.8% (p = 0.000) (Fig. 1B), while non-significantly decrease both aldehydic and ketonic
derivatives of OMP was observed (by 1.6 and 8.9%, p >0.05).

The total antioxidant capacity (TAC) includes an enzymatic antioxidant such as superoxide
dismutase, catalase, glutathione peroxidase, as well as some macromolecules (albumin,
ceruloplasmin, and ferritin), and its assessment may contain more information than a single
review of its constituent parts (Gad etal., 2011). As shown in Figure 2C, treatment by F religiosa
extract caused the increase of TAC in plasma and erythrocyte suspension when compared to
untreated erythrocytes. However, these changes were statistically non-significant.
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Figure2A  The TBARS content as a biomarker of lipid peroxidation (A), aldehydic and ketonic derivatives
of oxidatively modified proteins (B), and total antioxidant capacity (C) in the equine erythrocytes
suspension after in vitro incubation with Ficus religiosa leaf extract (M +m, n = 18)
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Figure 2B-C The TBARS content as a biomarker of lipid peroxidation (A), aldehydic and ketonic derivatives
of oxidatively modified proteins (B), and total antioxidant capacity (C) in the equine erythrocytes
suspension after in vitro incubation with Ficus religiosa leaf extract (M +m, n = 18)

Several correlations between checked parameters were found (Figure 3). Erythrocyte TBARS
level correlated inversely with plasma TBARS level (r=-0.532, p=0.023) and plasma TAC level
(r=-0.525,p=0.025) (Figure 3A). Decreased erythrocyte TBARS level induced the increase of
plasma TBARS level and TAC level. The erythrocyte TAC level correlated inversely with plasma
TBARS level (r = -0.742, p = 0.000) and correlated positively with aldehydic derivatives of
OMP in plasma (r = 0.645, p = 0.004). High level of TAC in erythrocyte suspension after
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incubation with leaf extract obtained from F religiosa induced reduce plasma TBARS level,
while aldehydic derivatives of OMP positively correlated with plasma TAC level (Figure 3).
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Figure 3 Correlations between oxidative stress biomarkers - plasma and erythrocyte TBARS, plasma

TAC level (A), erythrocyte TAC level, plasma TBARS level and aldehydic derivatives of OMP (B)
in the equine erythrocytes suspension after in vitro incubation with Ficus religiosa leaf extract

Many results also clearly suggest that treatment by herbal extracts in vivo and in vitro study
prevents organ damage by a decrease of lipid peroxidation and protection of the antioxidant
defense system. Several methods have been developed to measure the free radical scavenging
capacity, regardless of the individual compounds, which contribute towards the total capacity
ofaplantproductinscavenging freeradicals (Lo Shu-Fungetal., 2004). For instance, the in vitro
antioxidant effect of the ethyl acetate root extract of F religiosa using diphenyl picrylhydrazyl
(DPPH) radical scavenging, hydroxyl radical scavenging, reducing capacity and hydrogen
peroxide scavenging assay was investigated by Sharma and Gupta (2007). The extract showed
reducing potential, scavenged DPPH radical (87.61%) at 250 ug.mL™ and hydrogen peroxide
(70.25%) at 1000 ug.mL™. The investigators suggested the role of polyphenolic components
(determined by the Folin-Ciocalteu‘s phenolic reagent method) for the observed antioxidant
effect (Sharma and Gupta, 2007).

The effects of four extracting solvents [absolute ethanol, absolute methanol, aqueous ethanol
(ethanol: water, 80 : 20 v/v) and aqueous methanol (methanol: water, 80 : 20 v/v)] and two
extraction techniques (shaking and reflux) on the antioxidant activity of extracts of barks of
Azadirachta indica A. Juss. (Meliaceae), Acacia nilotica (L.) Delile (Leguminosae), Syzygium
cumini (L.) Skeels (syn. Eugenia jambolana Lam.) (Myrtaceae), Terminalia arjuna (Roxb. ex
DC.) Wight & Arn. (Combretaceae), leaves and roots of Moringa oleifera Lam. (Moringaceae),
the fruit of F religiosa, and leaves of Aloe vera (L.) Burm. f. (syn. Aloe barbadensis Mill.)
(Asparagaceae) were investigated by Sultana and co-workers (2009). The fruit powder of
E religiosa was subjected to shaking and refluxing with absolute ethanol, absolute methanol,
80% hydro-ethanol and 80% hydro-methanol to get various extracts. Total phenolic
components and flavonoids were quantified in all the extracts. The extracts were subjected
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to DPPH scavenging and percent inhibition of linoleic acid assay. The investigators found
that the 80% hydro-methanolic extract obtained by refluxing contained the highest amount
of antioxidant components (phenols and flavonoids) and showed maximum antioxidant
effect. The study suggested that the extracting solvent and extraction technique affects the
antioxidant activity of the plant extracts (Sultana et al., 2009). Apart from the bark, roots,
and fruits, the antioxidant effect of the aqueous, methanolic and ethanolic leaf extracts at
35-36 nug.100 mg ! concentration, in similar in vitro DPPH assay has also been reported
(Preethi et al.,, 2010).

Anandjiwala et al. (2008) have also reported the free radical scavenging activity of an
Ayurvedic preparation Panchvalkala and its individual components (stem bark of Ficus
benghalensis, F. racemosa L. (syn. E glomerata Roxb.), E religiosa, F. virens Aiton and Thespesia
populnea (L.) Sol. ex Corréa (Malvaceae). Being stem barks, these samples contained phenolics
(ranging from 3.5 to 10.8% w/w) and tannins (1.6 to 7.0% w/w). This prompted researchers
to study the free radical scavenging activity of Panchvalkala and its components which were
evaluated in three in vitro models viz. 1,1-diphenyl-2-picrylhydrazyl radical scavenging
activity, superoxide radical scavenging activity and reducing power assay. Panchvalkala and
its individual components showed significant antiradical activity by bleaching 1,1-diphenyl-2-
picrylhydrazyl radical (EC,, ranging from 7.27 to 12.08 ug) which was comparable to pyrogallol
(ECs, 4.85 ng). Thin layer chromatography of the methanol extracts when sprayed with 0.2%
1,1-diphenyl-2-picrylhydrazyl in methanol revealed several bands with antiradical activity as
seen by bleaching of 1,1-diphenyl-2-picrylhydrazyl. All the samples showed good superoxide
scavenging potential (EC,, ranging from 41.55 to 73.56 ug) comparable to ascorbic acid (EC,,
45.39 pg) in a dose-dependent manner. The reduction ability, Fe** to Fe?* transformation was
found to increase with increasing concentrations of all the sample extracts. Panchvalkala
and its components showed good free radical scavenging activity which can be attributed to
tannins and phenolics along with other compounds. Free radical scavenging activity could
be one of the mechanisms of action of Panchvalkala, including its anti-inflammatory activity
(Anandjiwala et al., 2008).

Since oxidative stress as a consequence of free radicals generated during body's cellular
respiration has been implicated in the pathogenesis of many human diseases, the use of
antioxidants has been suggested as a common treatment approach for these disorders. The
antioxidant potential of different parts of E religiosa can, therefore, be further explored
in ameliorating the oxidative stress-related disorders (Singh et al., 2011). F religiosa bark
possesses also significant antidiabetic activity. The antidiabetic effect of aqueous extract of
E religiosa bark in normal, glucose-loaded hyperglycemic and streptozotocin-induced diabetic
rats was investigated in a study by Pandit et al. (2010). The aqueous extract of FE religiosa
bark also showed a significant increase in serum insulin, body weight and glycogen content in
liver and skeletal muscle of streptozotocin-induced diabetic rats while there was a significant
reduction in the levels of serum triglyceride and total cholesterol. The aqueous extract of
E religiosa bark also showed a significant anti-lipid peroxidative effect in the pancreas of
streptozotocin-induced diabetic rats (Pandit et al., 2010).
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Kapoor et al. (2011) have demonstrated the phytopharmacological potential and anti-
asthmatic activity of E religiosa. Histamine and acetylcholine were used to guinea pigs to
establish bronchospasm model. In in vivo study, the aqueous extract of F religiosa leaves at
doses of 150 and 300 mg.kg™ was administrated to guinea pigs, and the broncho-protective
activity of the aqueous extract of E religiosa leaves was compared with aminophylline at
25 mg.kg ™. While in in vitro study, and 10, 20, 30 g.mL™" of the aqueous extract of . religiosa
leaves was administrated to guinea pigs, respectively, and mast cell stabilizing activity of the
aqueous extract of . religiosa leaves was compared with ketotifen at 10 g.mL™*. Administration
of the aqueous extract of F. religiosa leaves (150 and 300 mg.kg™, ip.) produced a significant
effect on latency to develop histamine and acetylcholine-induced pre-convulsive dyspnea.
In the mast cell stabilizing model, the aqueous extract of E religiosa leaves at 10, 20 and
30 ug.mL™? could significantly increase the number of intact cells. It can be concluded that
the aqueous extract of E religiosa leaves is effective on histamine and acetylcholine-induced
bronchospasm in guinea pigs (Kapoor et al,, 2011).

E religiosa latex and constituents have excellent nephroprotective and curative activities and
thus have great potential as a source for natural health products. The possible nephroprotective
and curative effects of E religiosa latex methanol extract against cisplatin-induced acute renal
failure was determined by Yadav and Srivastava (2013). The anti-ulcer activity and acute
toxicity of F religiosa leaf ethanolic extract in animal models were evaluated by Gregory and
co-workers (2013). Anti-ulcer activity of F. religiosa ethanolic extract (250 and 500 mg.kg™
body weight) was studied on stress-induced ulcer animal models. Results showed that the
extract treatments prevented ulcer area and gastric secretion in a dose-dependent manner.
Administration of 2,000 mg.kg! extract did not show any acute toxicity in albino mice. The
preliminary phytochemical analysis identified the presence of flavonoids in the ethanolic
extract of E religiosa. The anti-ulcer activity is probably due to the presence of flavonoids
(Gregory et al,, 2013).

An orally administered aqueous root extract of F religiosa has dose-dependent and potent
anticonvulsant activities against strychnine- and pentylenetetrazole-induced seizures in mice,
as described in the study of Patil et al. (2011). The anticonvulsant activity of the extract (25,
50 and 100 mg.kg™, p.0.) was investigated in strychnine-, pentylenetetrazole-, picrotoxin- and
isoniazid-induced seizures in mice. Ratileum and fundus strip preparations were used to study
the effect of the extract on acetylcholine (Ach)- and serotonin (5-HT)-induced contractions,
respectively (Patil et al., 2011). The hydroethanolic extract of adventitious roots of E religiosa
has anticonvulsant activity. Retention of anticonvulsant effect in the saponins-rich fraction-
treated animals indicated the role of saponins for the activity (Singh et al., 2012).

The petroleum ether extract of E religiosa plant showed to be an antioxidant and showed
a promising effect in animals with Parkinson‘s disease, significantly attenuating the motor
defects and also protecting the brain from oxidative stress. In study of Bhangale and Acharya
(2016), effects of E religiosa (100, 200, and 400 mgkg™, p.o.) were evaluated using in vivo
behavioral parameters like catalepsy, muscle rigidity, and locomotor activity and its effects
on neurochemical parameters (malonic dialdehyde, catalase, superoxide dismutase, and
glutathione) in rats. The experiment was designed by giving haloperidol to induce catalepsy

-194 -



Tkachenko, H., Buyun, L., Osadowski, Z., Honcharenko, V., Prokopiv, A.
Agr.bio.div. Impr. Nut., Health Life Qual., 2018, 184-200

and 6-hydroxydopamine to induce Parkinson‘s disease-like symptoms. The increased
cataleptic scores (induced by haloperidol) were significantly (p <0.001) found to be
reduced, with the petroleum ether extract of E religiosa at a dose of 200 and 400 mg.kg™
(p.o.). 6-Hydroxydopamine significantly induced motor dysfunction (muscle rigidity and
hypolocomotion). The 6-Hydroxydopamine administration showed a significant increase in
lipid peroxidation level and depleted superoxide dismutase, catalase, and reduced glutathione
level. Daily administration of petroleum ether extract of F. religiosa (400 mg.kg™) significantly
improved motor performance and also significantly attenuated oxidative damage (Bhangale
and Acharya, 2016). The effect of flavonoid-rich ethyl acetate fraction of the crude fig extract
of E religiosa in combination with phenytoin on seizure severity, depressive behavior, and
cognitive deficit in pentylenetetrazol (PTZ)-kindled mice was investigated in a study of Singh
et al. (2014). The flavonoid-rich ethyl acetate fraction of the crude fig extract was found
to show significant antioxidant potential in various in vitro free radical scavenging assays.
Biochemical investigations of the brain tissue showed amelioration of TBARS, reduced
glutathione (GSH) levels, and reduced catalase and acetylcholinesterase activities, thereby
indicating suppression of oxidative stress (Singh et al., 2014).

The antiviral activity of E religiosa extracts against herpes simplex virus type 2 (HSV-2),
the main causative agent of genital ulcers and sores was investigated in a study of Ghosh
et al. (2016). Water and chloroform bark extracts were the most active against HSV-2, and
also against an acyclovir-resistant strain. The water extract has a direct virus-inactivating
activity. By contrast, the chloroform extract inhibits viral attachment and entry and limits
the production of viral progeny. The chloroform extract of E religiosa did not inactivate
extracellular virus particles but targeted early steps of the viral replicative cycle such as virus
attachment and/or entry. Moreover, a significant reduction in the number of viral plaques
was also observed when the extract was added to the methylcellulose medium after infection.
This finding suggests that the virus was blocked in some of the initial infections (Ghosh et al,,
2016). The antiviral activity of E religiosa extracts against respiratory viruses such as a human
respiratory syncytial virus (RSV) and human rhinovirus (HRV) was demonstrated by Cagno
et al. (2015). The antiviral activity of E religiosa was tested in vitro by plaque reduction and
virus yield assays and the major mechanism of action was investigated by virus inactivation
and time-of-addition assays. E religiosa methanol bark extract was the most active against
HRV with an EC, of 5.52 ug.mL™. This extract likely inhibited the late steps of the replicative
cycle. Water bark extract was the most active against RSV with an EC, between 2.23 and
4.37 pugmLL. Partial virus inactivation and interference with virus attachment were both
found to contribute to the anti-RSV activity. Replication of both viruses was inhibited in viral
yield reduction assays (Cagno et al,, 2015).

E religiosa has been shown to exert diverse biological activities including apoptosis in breast
cancer cell lines and it could be explored for its chemopreventive potential in cervical cancer.
The anti-neoplastic potential of aqueous extract of F religiosa bark in human cervical cancer
cell lines, SiHa and HeLa were demonstrated by Choudhari et al. (2013). The aqueous extract
of E religiosa bark altered the growth kinetics of SiHa (HPV-16 positive) and HeLa (HPV-18
positive) cells in a dose-dependent manner. It blocked the cell cycle progression at a G1/S
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phase in SiHa that was characterized by an increase in the expression of p53, p21 and pRb
proteins with a simultaneous decrease in the expression of phospho Rb (ppRb) protein. On
the other hand, in HeLa, FRaq induced apoptosis through an increase in intracellular Ca**
leading to loss of mitochondrial membrane potential, the release of cytochrome-c and an
increase in the expression of caspase-3. Moreover, aqueous extract of F. religiosa bark reduced
the migration as well as invasion capability of both the cervical cancer cell lines accompanied
with downregulation of MMP-2 and Her-2 expression. Interestingly, aqueous extract of
E religiosa bark reduced the expression of viral oncoproteins E6 and E7 in both the cervical
cancer cell lines (Choudhari et al., 2013).

The antioxidant role of E religiosa after in vitro incubation with equine erythrocytes
suspension might be due to its chemical constituents like flavonoids and phenolic compounds.
Furthermore, flavonoids traditionally expose antioxidant activity. Chemical analysis
conducted by Suryawanshi et al. (2011) found that leaves of E religiosa contained appreciable
amounts of campestrol, stigmasterol, isofucosterol, a-amyrin, lupeol, tannic acid, arginine,
serine, aspartic acid, glycine, threonine, alanine, proline, tryptophan, tyrosine, methionine,
valine, isoleucine, leucine, nonacosane, n-hentricontanen, hexacosanol, and n-octacosan. On
the other hand, the findings of Taskeen and coworkers (2009) showed, that quercetin was
the most abundant among flavonols. Phytosterols (2.8%) like campesterol, stigmasterol,
sitosterol and 28-isofucosterol, and triterpene alcohols (28.5%) like a-amyrin, 3-amyrin, and
lupeol have been isolated from the non-saponifiable fraction of light petroleum leaf extract
of E religiosa (Singh et al.,, 2011). Along with phytosterols and triterpene, 7.1% of long-
chain hydrocarbons [n-nonacosane and n-hentriacontane] and 7.9% of aliphatic alcohols
[n-hexacosanol and n-octacosanol] have also been isolated from the same fraction (Behari
et al,, 1984; Williamson and Hooper, 2002). The leaves of E religiosa contain a high amount
of l-cystine, I-lysine, l-arginine, dl-serine, dl-aspartic acid, glycine, dl-threonine, dl-co-alanine,
l-proline, tryptophan, I-tyrosine, dl-methionine, dl-valine, dl-isoleucine and I-leucine (Verma
and Bhatia, 1986). The leaves contain around 1.5% of total tannin content, which comprises
atannic acid and condensed tannins (Singh, 1977; Niranjan etal.,, 2007; Singh etal., 2011). The
leaves are rich in minerals like calcium, phosphorous, iron, copper, manganese, magnesium,
zinc, potassium and sodium (Williamson and Hooper, 2002; Singh et al., 2011).

Conclusions

In conclusion, the results obtained from the present studies revealed that leaf extract of Ficus
religiosa exhibited antioxidant activity after in vitro cultivation with equine erythrocytes.
These findings suggest that the extensive use of this herbal in treating various types of
disorders might, therefore, be justified by its antioxidant activities. The results also indicate
that scientific studies carried out on medicinal plants having traditional claims of effectiveness
might warrant fruitful results.

Nevertheless, in order to avoid any misinterpretation of the results obtained in this study,
another alternative marker for evaluating lipid peroxidation level in equine erythrocyte
suspension and assessing free radical scavenging potency of leaf extracts of plant extracts
screened could be employed.
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Additionally, further studies aimed at the isolation and identification of active substances
from the extract obtained from Ficus religiosa leaves could also disclose compounds with
better therapeutic value. It is believed that screening of all the investigated plants for other
biological activities including anti-inflammatory, wound healing and antioxidant activities are
essential in medicine and veterinary.
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OBTAINED FROM THYMUS SERPYLLUM L. EMEND. MILL.
(LAMIACEAE)

Honcharenko Vitaliy’, Tkachenko Halyna*?, Nachychko Viktor'?,
Prokopiv Andriy'3, Osadowski Zbigniew'
'Department of Botany, Faculty of Biology, Ivan Franko National University of Lviv, Lviv, Ukraine

’Institute of Biology and Environmental Protection, Pomeranian University in Stupsk, Poland
3Botanic Garden of Ivan Franko National University of Lviv, Lviv, Ukraine

Received: 11. 10. 2018 Revised: 28. 10. 2018 Published: 10. 12. 2018

The main aim of the study was an assessment of the oxidative stress biomarkers [2-thiobarbituric
acid reactive substances (TBARS), carbonyl derivatives content of protein oxidative modification, total
antioxidant capacity] in the equine erythrocytes after treatment with Thymus serpyllum L. emend.
Mill. extract. Leaves of Th. serpyllum were collected among grass on sandy soil in the edge of a pine
forest (Baymaky village, Bilohirya district, Khmelnytsky region, Ukraine). Freshly collected leaves were
washed, weighted, crushed, and homogenized in 0.1 M phosphate buffer (pH 7.4) (in proportion 1: 19,
w/w). The equine erythrocyte aliquots were used in the study. The pellet of blood was re-suspended
in phosphate buffer (pH 7.4). A volume of 0.1 ml of the Th. serpyllum extract was added to 1.9 ml of
clean equine erythrocytes. For positive control (blank), phosphate buffer was used. After incubation
the mixture at 37 °C for 60 min with continuous stirring, samples were used for the biochemical assays.
Lipid peroxidation biomarker, aldehydic and ketonic derivatives of oxidatively modified proteins, total
antioxidant capacity was non-significantly altered after in vitro incubation with an extract obtained
from Th. serpyllum. Screening of Thymus species for other biological activities including antioxidant
activities is essential and may be effective for searching the preventive agents in the pathogenesis of
some metabolic diseases.

Keywords: Thymus, leaf extract, equine erythrocytes, lipid peroxidation, oxidatively modified
proteins, total antioxidant capacity

Introduction

Thymus serpyllum L. emend. Mill,, known as Breckland thyme, wild thyme, or creeping thyme,
is a perennial shrub, native to regions of northern and central Europe. It has along stem; leaves
are oval (rounded at the top, tapered at the base), and glabrous on the face and underside,

*Corresponding author: Halyna Tkachenko, Institute of Biology and Environmental Protection,
Pomeranian University in Stupsk, Arciszewski Str. 22b, 76-200 Stupsk, Poland;
><tkachenko@apsl.edu.pl

CCBY-NC-ND 4.0 -201 -


https://doi.org/10.15414/agrobiodiversity.2018.2585-8246.201-211
mailto:tkachenko%40apsl.edu.pl?subject=

Honcharenko, V., Tkachenko, H., Nachychko, V., Prokopiyv, A., Osadowski, Z..
Agr.bio.div. Impr. Nut., Health Life Qual., 2018, 201-211

while at the base along the edge they have long trichomes, a prominent central vein, and less
prominent lateral veins. Inflorescences are 4-7 cm tall and form in a series along a low-lying
stem, with a uniform layer of trichomes on all sides. Flowers are located at the top of the stems
and form spherical (or more rarely elongated) verticillaster. Wild thyme grows best on dry,
stony ground, open sandy heaths, and grasslands (Dikli¢, 1974; Jari¢ et al., 2015). Th. serpyllum
is a medicinal plant with antioxidant, antimicrobial, antitumor, and cytotoxic properties
with effective medicinal application in pharmaceutical, food, and cosmetic industries as an
anthelmintic, a strong antiseptic, an antispasmodic, a carminative, deodorant, diaphoretic,
disinfectant, expectorant, sedative, tonic, anticholesterolemic and immunostimulant plant
(Jari¢ et al., 2015).

The chief component of the essential oil of Th. serpyllum is carvacrol, while it also contains
borneol, isobutyl acetate, caryophyllene, 1,8-cineole, citral, citronellal, citronellol, p-cymene,
geraniol, linalool, a-pinene, y-terpinene, a-terpineol, terpinyl acetate, and thymol in relatively
high concentrations (Thomson, 2004). In addition to essential oil, wild thyme also contains
flavonoids, phenol carboxylic acids, and their derivatives, triterpenes, and tannins (Thomson,
2004). The interest in the formulation of pharmaceuticals, nutraceuticals, and cosmeceuticals
based on thymol is due to several studies that have evaluated the potential therapeutic uses
of this compound for the treatment of disorders affecting the respiratory, nervous, and
cardiovascular systems. Moreover, this compound also exhibits antimicrobial, antioxidant,
anticarcinogenesis, anti-inflammatory, and antispasmodic activities, as well as a potential as
a growth enhancer and immunomodulator (Salehi et al., 2018). The noteworthy effects of
thymol are largely attributed to its anti-inflammatory (via inhibiting recruitment of cytokines
and chemokines), antioxidant (via scavenging of free radicals, enhancing the endogenous
enzymatic and non-enzymatic antioxidants and chelation of metal ions), antihyperlipidemic
(via increasing the levels of high density lipoprotein cholesterol and decreasing the levels of
low density lipoprotein cholesterol and low density lipoprotein cholesterol in the circulation
and membrane stabilization) (via maintaining ionic homeostasis) effects (Nagoor Meeran et
al,, 2017).

Thymol exhibits in vitro antioxidant activity on high-fat-diet-induced hyperlipidemia and
atherosclerosis. The antioxidant properties may be related to its phenolic structure, which may
adsorb and neutralize free radicals and exhibit redox properties (Yu et al., 2016). Moreover, it
may suppress the progression of high-fat-diet-induced hyperlipidemia and atherosclerosis by
reducing aortic intimal lipid lesion, lowering serum lipids and oxidative stress, and alleviating
inflammation-related responses (Yu et al.,, 2016). This compound scavenges hydroxyl free
radicals and produces phenoxyl radicals, major transient species (Nagoor Meeran etal., 2017).

An earlier study in our laboratory showed no toxic effects in terms of hemolysis or increased
methemoglobin content linked with leaf extracts of various Thymus species on equine
erythrocytes. Moreover, Nagoor Meeran and Prince (2012) also confirmed the antioxidative
effect of thymol via increase of the activity of endogenous antioxidant enzymes, such as
superoxide dismutase, catalase, glutathione peroxidase, glutathione-S-transferase, and
the level of other non-enzymatic antioxidants such as vitamin C, vitamin E, and reduced
glutathione (Nagoor Meeran and Prince, 2012), and thereby the total antioxidant status in
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vivo (Youdim and Deans, 2000). In our study, the extracts actually reduced hemolysis and
hemoglobin oxidation. Ethanol-based extracts obtained from various Thymus species
revealed pronounced antibacterial ability. A number of reports concerning thymol revealed its
antioxidant activity via scavenging of free radicals, enhancing the endogenous enzymatic and
non-enzymatic antioxidants and chelation of metal ions (Youdim and Deans, 2000; Nagoor
Meeran and Prince, 2012; Jari¢ et al., 2015; Nagoor Meeran et al., 2017).

Equine erythrocytes are more sensitive to oxidant-induced damage due to the use of inefficient
mechanisms to correct and protect against oxidative damage, i.e. methemoglobin formation,
alteration of aggregation, and reduction of cellular deformability (Baskurt and Meiselman,
1999). It was shown, that horses have a greater risk than other mammalian species of
developing methemoglobinemia and hemolytic anemia following ingestion of oxidizing toxins,
due to deficiencies in the mechanisms that protect against oxidative damage in erythrocytes.
Erythrocytes from horses are slower than erythrocytes from other species studied in their
ability to regenerate GSH after it has been oxidized in vitro (Harvey et al., 2003). These reduced
abilities may be related to the fact that horse erythrocytes have lower glutathione reductase
(GR) activities than erythrocytes from humans and most domestic animal species, and the
Michaelis-Menton constant (Km) of GSSG for GR is higher in horses than in three other species
measured. Moreover, sulfhydryl groups in proteins and unsaturated lipids in membranes
are especially susceptible to oxidation. Oxidative denaturation and the precipitation of the
globin portion of hemoglobin into large aggregates result in the formation of Heinz bodies
that can bind to and alter membranes. Membrane structure also is altered by the oxidation of
sulfhydryl groups and by lipid peroxidation (Harvey, 1997).

Erythrocytes were proved to be a good tool for analyzing the oxidative stress and lipid
peroxidation as a mechanism of toxic action in various studies (Baskurt and Meiselman,
1999). Erythrocytes help in assessing the toxicity of various extracts as well. Oxidative damage
to erythrocytes after exposure to extracts induced alterations in the morphology of cells,
membrane protein conformation, protein cross-linking, lipid peroxidation and consequently
hemolysis of erythrocytes (Farag and Alagawany, 2018). Therefore, in the present study, the
oxidative stress biomarkers [2-thiobarbituric acid reactive substances (TBARS), carbonyl
derivatives content of protein oxidative modification, total antioxidant capacity] in the equine
erythrocytes was used for assessing the antioxidant activity of Th. serpyllum extract.

Material and methodology

Collection of plant materials

Plants were harvested in June-August, 2016. Leaves of Th. serpyllum were collected among
grasson sandy soil in the edge of a pine forest (Baymaky village, Bilohirya district, Khmelnytsky
region, Ukraine; N 50°03°58,9”, E 26° 13" 37,5, 257 m a.s.l.).

Identification of this species was made according to Nachychko (2015). The voucher herbarium
specimens of plants used in this study were deposited at the Herbarium of M.G. Kholodny
Institute of Botany of the National Academy of Sciences of Ukraine (KW). Plant samples were
thoroughly washed to remove all attached material and used to prepare extracts.
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Figure 1 Plant of Thymus serpyllum used in our study. Photo by Viktor Nachychko

Preparation of plant extracts

Freshly collected leaves were washed, weighted, crushed, and homogenized in 0.1 M phosphate
buffer (pH 7.4) (in proportion 1 : 19, w/w) at room temperature. The extracts were then
filtered and used for analysis. The extract was stored at -20 °C until use.

Horses

Eighteen healthy adult horses from central Pomeranian region in Poland (village Strzelinko,
N54230'48.0"E16257’44.9”),aged 8.9 1.3 yearsold, including 6 Hucul pony, 5 Thoroughbred
horses, 2 Anglo-Arabian horses and 5 horses of unknown breed, were used in this study. All
horses participated in recreational horseback riding. Horses were housed in individual boxes,
with feeding (hay and oat) provided twice a day, at 08.00 and 18.00 h, and water available
ad libitum. All horses were thoroughly examined clinically and screened for hematological,
biochemical and vital parameters, which were within reference ranges. The females were
non-pregnant.

Collection of blood samples

Blood was drawn from the jugular vein of the animals in the morning, 90 minutes after
feeding, while the horses were in the stables (between 8:30 and 10 AM). Blood was stored
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in tubes with sodium citrate as the anticoagulant and held on the ice until centrifugation
at 3000 rpm for 5 min to remove plasma. The pellet of blood was re-suspended in 4 mM
phosphate buffer (pH 7.4). A volume of 0.1 ml of the plant extract was added to 1.9 ml of clean
equine erythrocytes. For positive control (phosphate buffer) was used. After incubation the
mixture at 37 °C for 60 min with continuous stirring, it was centrifuged at 3000 rpm for 5 min.
Erythrocytes aliquots were used in the study.

The 2-Thiobarbituric acid reactive substances (TBARS) assay

The level of lipid peroxidation was determined by quantifying the concentration of
2-thiobarbituric acid reacting substances (TBARS) with the Kamyshnikov (2004) method for
determining the malondialdehyde (MDA) concentration. This method is based on the reaction
of the degradation of the lipid peroxidation product, MDA, with TBA under high temperature
and acidity to generate a colored adduct that is measured spectrophotometrically. Briefly,
0.1 mL of sample (blood, plasma, and erythrocytes’ suspension) was added to 2 mL of distilled
water, 1 mL of 20% TCA and 1 mL of 0.8% TBA. The mixture was heated in a boiling water
bath for 10 minutes. After cooling, the mixture was centrifuged at 3.000 g for 10 minutes. The
pmol of MDA per 1 L was calculated using 1.56-10°> mM™ cm™ as the extinction coefficient.

The carbonyl derivatives content of protein oxidative modification (OMP) assay

To evaluate the protective effects of extracts obtained from leaves of Th. serpyllum against
free radical-induced protein damage in equine erythrocytes, a carbonyl derivatives content of
protein oxidative modification (OMP) assay based on the spectrophotometric measurement
of aldehydic and ketonic derivatives in the erythrocytes’ suspension was performed. The rate
of protein oxidative destruction was estimated from the reaction of the resultant carbonyl
derivatives of amino acid reaction with 2,4-dinitrophenylhydrazine (DNFH) as described by
Levine and co-workers (1990) and as modified by Dubinina et al. (1995). DNFH was used for
determining carbonyl content in soluble and insoluble proteins. Briefly, 1 mL of 0.1 M DNPH
(dissolved in 2M HCI) was added to 0.1 mL of the sample after denaturation of proteins by
20% trichloroacetic acid (TCA). After addition of the DNPH solution (or 2M HCI to the blanks),
the tubes were incubated for a period of 1 h at 37 °C. The tubes were spun in a centrifuge for
20 min at 3,000 g. After centrifugation, the supernatant was decanted and 1 mL of ethanol-
ethylacetate solution was added to each tube. Following the mechanical disruption of the
pellet, the tubes were allowed to stand for 10 min and then spun again (20 min at 3,000 g).
The supernatant was decanted and the pellet washed thrice with ethanol-ethylacetate. After
the final wash, the protein was solubilized in 2.5 mL of 8M urea solution. To speed up the
solubilization process, the samples were incubated in a 90 °C water bath for 10-15 min. The
final solution was centrifuged to remove any insoluble material. The carbonyl content was
calculated from the absorbance measurement at 370 nm and 430 nm, and an absorption
coefficient 22.000 M-cm™’. Carbonyl groups were determined spectrophotometrically from
the difference in absorbance at 370 nm (aldehyde derivatives, OMP,,,) and 430 nm (ketonic
derivatives, OMP,, ).
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Measurement of total antioxidant capacity (TAC)

The TAC level in the sample was estimated by measuring the 2-thiobarbituric acid
reactive substances (TBARS) level after Tween 80 oxidation. This level was determined
spectrophotometrically at 532 nm (Galaktionova et al., 1998). Sample inhibits the Fe?*/
ascorbate-induced oxidation of Tween 80, resulting in a decrease in the TBARS level. Briefly,
0.1 mL of sample was added to 2 mL of 1% Tween 80 reagent, 0.2 mL of 1 mM FeSO,, and
0.2 mL of 10 mM ascorbic acid. In the blank assay, 0.1 mL of distilled water was used instead of
the sample. The mixture was heated in a water bath for 48 hrs at 37 °C. After cooling, 1 mL of
20% trichloroacetic acid was added. The mixture was centrifuged at 3000 g for 10 min. After
centrifugation, 2 mL of supernatant and 2 mL of 0.25% 2-thiobarbituric acid were mixed.
The mixture was heated in a water bath at 95 °C for 15 min. The absorbance of the obtained
solution was measured at 532 nm. The absorbance of the blank was defined as 100%. The
level of TAC in the sample (%) was calculated with respect to the absorbance of the blank
sample.

Statistical analysis

The mean + S.E.M. values were calculated for each group to determine the significance of
the intergroup difference. All variables were tested for normal distribution using the
Kolmogorov-Smirnov and Lilliefors test (p >0.05). The significance of differences between the
total antioxidant capacity level (significance level, p <0.05) was examined using the Mann-
Whitney U test (Zar, 1999). All statistical calculation was performed on separate data from
each individual with Statistica 8.0 software (StatSoft, Krakow, Poland).

Results and discussion

Many lipid peroxidation (LPO) products exert cytotoxicity, but sublethal concentrations of
LPO products induce cellular adaptive responses and enhance tolerance against subsequent
oxidative stress through upregulation of antioxidant compounds the and enzymes (Niki, 2009).
This adaptive response is observed not only for chemically reactive carbonyl compounds but
also for chemically stable compounds. On the other hand, LPO, as well as reactive oxygen and
nitrogen species, have been shown to play an important role as a regulator of gene expression
and cellular signaling messenger (Niki, 2009).

When equine erythrocytes were incubated with an extract obtained from Th. serpyllum, the
TBARS content as a biomarker of lipid peroxidation, aldehydic and ketonic derivatives level,
as well as total antioxidant capacity, was non-significantly altered. The Th. serpyllum extract
reduced the formation of intracellular aldehydic and ketonic derivatives of OMP in the extract-
treated erythrocytes (by 8.8 and 6.3%, p >0.05), but these results were non-significant. Total
antioxidant capacity was non-significantly increased by 8.1% (p >0.05) (Figure 2).
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Figure 2 The TBARS content as biomarker of lipid peroxidation, aldehydic and ketonic derivatives of

oxidatively modified proteins, and total antioxidant capacity in the equine erythrocytes
suspension after in vitro incubation with leaf extract obtained from Thymus serpyllum (M +m,
n=18)

Many in vitro studies confirmed antioxidant properties of thyme extracts. Many results also
clearly suggest that treatment by Thymus extracts in vivo and in vitro prevents organ damage
via protection of the antioxidant defense system and scavenge of hydroxyl free radicals by
producing of phenoxyl radicals, major transient species (Nagoor Meeran et al., 2017). For
example, Petrovi¢ et al. (2014) studied the antioxidant capacity of wild thyme essential oil
in terms of its ability to neutralize DPPH (1,1-diphenyl-the 2-picrylhydrazyl) free radicals,
that is, the ability of the components of the essential oil to donate hydrogen atoms and
transform DPPH into its reduced form DPPH-H. Their results showed that the essential oil
exhibited significantly better antioxidant activity when compared to synthetic antioxidants
like butylated hydroxyanisole (BHA) and in particular butylated hydroxytoluene (BHT)
(Petrovic et al., 2014). The essential oil of Th. serpyllum growing in Croatia revealed poorer
ability to neutralise DPPH radicals than BHA, BHT, tocopherol, ascorbic acid compared to the
essential oil of Th. vulgaris L. Hussain et al. (2013) also demonstrated that the essential oil of
Th. serpyllum exhibited less ability to neutralize DPPH radicals than BHT and thymol.

Six different assays were employed in the study of Kindl et al. (2015) in order to evaluate
the antioxidant properties of the ethanolic extracts of selected Thymus species growing in
Croatia (Th. longicaulis C. Presl.,, Th. praecox Opiz subsp. polytrichus (A.Kern. ex Borbas)
Jalas, Th. pulegioides L., Th. serpyllum subsp. serpyllum, Th. striatus Vahl, and Th. vulgaris)
as well as elucidate its mode of action. The tested Thymus extracts and pure compounds at
different concentrations (0.4-25 pg.mL™) significantly inhibited DPPHe in a concentration-
dependent manner. The activities of plant extracts were 11-28, 23-52, and 52-85% at
1.56, 3.13, and 6.25 ug.mL, respectively. At the mentioned concentrations, Th. serpyllum
subsp. serpyllum as well as a commercial sample of Th. vulgaris were the least effective.
Rosmarinic acid and luteolin at concentrations up to 3.13 ug.mL™* showed the highest radical
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scavenging effectiveness (56 and 50% at 0.8 ug.mL™, resp.). Interestingly, at concentrations
>12.5 pg.mL, activities of most Thymus species were comparable to that of luteolin. DPPH
radical scavenging activities of the tested samples were assessed using IC,, values which are
inversely related to their antioxidant abilities. The obtained IC, values of studied Thymus
extracts were in the range 3.01-6.01 pg.mL . The scavenging effects of the extracts decreased
in the order of Th. longicaulis > Th. praecox subsp. polytrichus > Th. pulegioides, Th. striatus
> Th. vulgaris > Th. serpyllum subsp. serpyllum (Kindl et al, 2015). Moreover, all tested
Thymus extracts inhibited nitrite formation in a concentration-dependent manner. They
scavenged NOs by 16-45, 37-58, and 54-72% at 50, 100, and 200 pg.mL™, respectively. At
these concentrations, Th. longicaulis and Th. pulegioides showed the highest activity, while
Th. serpyllum subsp. serpyllum demonstrated the weakest effect. Rosmarinic acid and luteolin
inhibited the formation of NOe by 58% already at 25 ug.mL™. Comparing obtained IC, values,
the effectiveness of plant extracts as NOe scavengers were in the following descending order:
Th. longicaulis, Th. pulegioides > Th. striatus, and Th. vulgaris > Th. praecox subsp. polytrichus
> Th. serpyllum subsp. serpyllum. The IC, values of the most potent Th. longicaulis and
Th. pulegioides were 71.57 and 69.77 ug.mL, respectively. Rosmarinic acid (IC;, = 15.67 pg.
mL!) and luteolin (IC,, =18.31 pg.mL ™) demonstrated the greatest NOs scavenging activity,
even significantly higher (p <0.001) than Trolox (IC,, = 53.91 pg.mL™), and these results were
in accordance with the findings obtained by DPPH assay (Kindl et al., 2015). All investigated
Thymus extracts inhibited lipid peroxidation in a concentration-dependent manner. The
activities of plant extracts at concentrations of 10 pg.mL ™ and 100 pg.mL™ were in the ranges
32-40 and 56-76%, respectively. Th. longicaulis (IC., = 34.30 ug.mL?) and Th. pulegioides
(IC;,=34.83 ug.mL ) exhibited once again the most powerful antioxidant effect, comparable
to that of rosmarinic acid (IC,, = 21.07 pugmL™). The IC,, values obtained for the other four
extracts were in the range 63.01-80.00 pg.mL™”, without significant difference between
them. All investigated plant samples were active in a concentration-dependent manner with
total antioxidant capacities ranging between 238.16 and 293.82 mg equivalents of ascorbic
acid (AAE)/g. Their effectiveness decreased in the following order: Th. longicaulis, Th.
praecox subsp. polytrichus = Th. striatus > Th. pulegioides, Th. vulgaris = Th. serpyllum subsp.
serpyllum. The activity of Th. longicaulis was comparable to that of Trolox. Rosmarinic acid
was found to have the much higher total antioxidant capacity (598.34 mg AAE.g™") than Trolox
(307.89 mg AAE.g!). Luteolin showed the lowest activity in comparison to all tested samples
(67.72 mg AAE.g™) (Kindl et al., 2015).

Promising results in terms of the antihypertensive effect of thyme have been observed in
Mihailovic-Stanojevic et al. (2013) study. They have evaluated total phenol and flavonoid
contents, antioxidant capacity, free radical scavenging activity and potential antihypertensive
effect of aqueous extract obtained from Th. serpyllum in spontaneously hypertensive rats and
in normotensive Wistar rats. Total phenol content of Th. serpyllum was 2008.33 +10.6 mg.L*
gallic acid equivalents, and rosmarinic and caffeic acids were predominant phenolic
compounds. The rosmarinic and caffeic acids as predominant phenols presented in the
Th. serpyllum. The ferric reducing/antioxidant power and antioxidant capacity analysis
revealed strong antioxidative properties of Th. serpyllum. In vitro nitric oxide-scavenging
activity of 1 mg.L™! Th. serpyllum was 63.43% with the IC;, value of 122.36 pg.mL™. Because
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the spontaneously hypertensive rats are a useful model to investigate human essential
hypertension, and compounds which lower blood pressure in rats also lower blood pressure
in hypertensive humans, results obtained in a study of Mihailovic-Stanojevic et al. (2013)
could be promising in using Th. serpyllum in hypertensive patients.

Moreover, Th. serpyllum may be a promising candidate in the development of novel therapeutic
drugs for breast cancer treatment. Bozkurt et al. (2012) have evaluated the effects of
Th. serpyllum on apoptosis and epigenetic events in breast cancer cells. XTT cell viability assay
was used to determine cytotoxicity, while the DNA fragmentation and caspase 3/7 activity
assays were used in the assessment of apoptosis. DNA methyltransferase (DNMT) and histone
deacetylase (HDAC) activities were evaluated by ELISA and verified by qRT-PCR. Th. serpyllum
extract induced significant cytotoxicity in breast cancer cells (MCF-7 and MDA-MB-231) but
not in normal cells. It also induced apoptosis is and inhibited the DNMT and HDAC activities
in MDA-MB-231 cells (Bozkurt et al.,, 2012).

Essential oil of Th. serpyllum also showed the strongest inhibitory effect on the growth and
mycotoxin production of Aspergillus ochraceus, A. carbonarius, and A. niger which may have
been related to the synergistic or cumulative effects of its components. Minimal inhibitory
concentration (MIC) determined for the essential oil and thymol, and selected concentration
of the total phenolic content in extract inhibited fungal growth and ochratoxin A biosynthesis
by more than 60%, depending on the conditions and duration of incubation with the fungi
(Sokoli¢-Mihalak et al., 2012).

The aqueous extract of Th. serpyllum also might be used alone or in combination with
insulin to manage diabetes and its associated complications. Alamgeer and et al. (2016)
have evaluated and compare the hypoglycemic activity of different solvents extracts
of Th. serpyllum in rabbits. Diabetes was induced with a single intravenous injection of
alloxan monohydrate (150 mgkg™). The crude powder of Th. serpyllum (500 mg.kg"' b.w.)
significantly reduced the blood glucose level in both normal and diabetic rabbits. Ether and
aqueous extracts of Th. serpyllum significantly reduced the blood glucose level with maximum
effect (p <0.001) produced by aqueous extract, which was selected for further study. Aqueous
extract significantly inhibited the rise in glucose level in oral glucose tolerance test. The
extract showed a synergistic effect with different doses of insulin; however serum insulin
level of the diabetic rabbits was not significantly increased by the extract. The HbAlc level
was significantly (p <0.05) reduced whereas hemoglobin level was significantly increased in
three months of study. Phytochemical screening of the aqueous extract showed the presence
of alkaloids, flavonoids, tannins, terpenoids, reducing sugar and cardiac glycosides (Alamgeer
et al,, 2016). According to many supporting documents, it can be assumed that secondary
plant metabolites, i.e. polyphenolic compounds in extracts of various species from Thymus
genus extract may contribute to the antioxidant activity.

Conclusions

The TBARS content as a biomarker of lipid peroxidation, aldehydic and ketonic derivatives
level, as well as total antioxidant capacity, was non-significantly altered after in vitro incubation
with an extract obtained from Th. serpyllum. The Th. serpyllum extract reduced the formation
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of intracellular aldehydic and ketonic derivatives of OMP in the extract-treated erythrocytes,
but these results were non-significant. Total antioxidant capacity was non-significantly
increased. The lack of clinical safety and toxicity data for thyme, and many other herbs that
are increasingly being used, suggests the necessity of further investigations regarding their
influence on organs and tissues function, including the evaluation of molecular mechanisms
involved in order to exploit them for potential therapeutic benefits (Raskovi¢ et al., 2015).
Screening of Thymus species for other biological activities including antioxidant activities is
essential and may be effective for searching the preventive agents in the pathogenesis of some
metabolic diseases.
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Some of the plants of the Thymus genus were previously reported for their antimicrobial activities.
Therefore, the aim of this study was to evaluate the antimicrobial effects of five ethanolic extracts
obtained from leaves of some Thymus representatives (Thymus serpyllum L. emend. Mill., Th. pannonicus
All, Th. x porcii Borbas, Th. pulegioides L., Th. alpestris Tausch ex A. Kern.) against Salmonella enteritidis
strain. Freshly leaves were washed, weighted, crushed, and homogenized in 96% ethanol (in proportion
1:19) at room temperature. The extracts were then filtered and investigated for their antimicrobial
activity. Antimicrobial activity was determined using the agar disk diffusion assay. The ethanolic extract
obtained from the leaves of Th. pulegioides was the most effective plant extracts against Salmonella
enteritidis studied in this work. The antibacterial activity of extracts was greatest for Th. pulegioides
followed by Th. pannonicus (13.1 +0.85 mm) followed by Th. alpestris (12.6 £0.25 mm), Th. x porcii
(12.2 £0.55 mm), and then by Th. serpyllum (10.5 £0.23 mm). These plant extracts could be a potential
source of new antibacterial agents. Further and more specific studies, in vivo, are recommended to
determine the efficacy of these plants in the treatment of Salmonella-induced bacterial infections.

Keywords: Thymus, leaf extracts, agar disk diffusion assay, antibacterial activity, inhibition zone
diameter

Introduction

Salmonella infection represents a considerable burden in both developing and developed
countries and to cause 93 million enteric infections and 155,000 diarrheal deaths each
year (Majowicz et al., 2010; Wierup et al., 2017). The majority of clinical disease in animals
and humans is caused by serovars within the Salmonella enterica subspecies (Pham and
McSorley, 2015). Over 50% of the isolates proved resistant to ampicillin, chloramphenicol,
and trimethoprim/sulfamethoxazole, the primary treatments of choice for salmonellosis
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(Chu and Chiu, 2006). Use of antibiotics might result in elevation the risk of spawning more
resistant strains (O‘Brien, 2002). Utilizing the various herbal substitutes in order to replace
antibiotics might offer an alternative for the prevention and/or control of this disease (Snow
Setzer et al,, 2016).

Medicinal herbs have many potential clinical and therapeutic applications in a modern
medical setting because they have been reported to contain bioactive components (Kwon
et al,, 2008; Bielikova et al., 2017). Thymus genus is attracting considerable attention from
many researchers, and many such herbs have a long history of medicinal use (Viuda-Martos
et al,, 2011). The analysis and identification of the constituents of the active principals in
these herbs has increased our understanding of their individual pharmacological actions
as tonics, carminatives, antitussives, aromatic, expectorant, stomachic, antispasmodic,
bronchospasmolytic, diuretic, sedative, diaphoretic, and antiseptics, as well as anti-
inflammatory, antioxidant, anthelmintic, hepatoprotective and antitumor agents (Khan and
Abourashed, 2010; Nabavi et al., 2015). Antimicrobial agents can also be derived from Thymus
species (Rota et al., 2008; Xu et al., 2008; Palaniappan and Holley, 2010; Mathela et al., 2010;
Rivas etal., 2010; Pemmaraju et al., 2013; Kavoosi et al., 2013; de Morais et al., 2014; Marchese
etal, 2016). These versatile pharmacological effects can be attributed to the secondary plant
metabolites, especially to essential oil and polyphenols. Plants from the genus Thymus are rich
in different active substances such as thymol, carvacrol, p-cymene and terpinene (Nabavi et
al,, 2015).

However, many species from Thymus genus are yet to be explored scientifically and moreover,
the need to find a lasting solution to the problem of infectious diseases caused by Salmonella
strains necessitated further exploration of plants exhibiting antimicrobial activity. This study
screened and evaluated selected representatives of the Thymus genus for their antibacterial
activities against Salmonella enteritidis strain locally isolated. This study evaluated the
antimicrobial potentials of the four species and one interspecific hybrid of Thymus genus
sampled in the western part of Ukraine against Salmonella enteritidis strain locally isolated.

Material and methodology

Collection of plant materials

Samples were harvested in June-August, 2016. Leaves of Thymus serpyllum L. emend. Mill. were
collected among grass on sandy soil in the edge of a pine forest (Baymaky village, Bilohirya
district, Khmelnytsky region, Ukraine; N 50° 03" 58.9”, E 26° 13" 37.5”, 257 m a.s.l.). Leaves
of Th. pannonicus All. were harvested among grass in the roadside between the two cultivated
fields (Syvky village, Bilohirya district, Khmelnytsky region, Ukraine; N 50° 02" 09.6”, E 26°
13719.27, 283 m a.s.l.). Leaves of Th. pulegioides L. were collected among grass nearby land
parcels (Syvky village, Bilohirya district, Khmelnytsky region, Ukraine; N 50° 02" 02.8”, E 26°
14" 13.9”, 306 m a.s.l.). Leaves of Th. x porcii Borbas (a hybrid between Th. pannonicus and
Th. pulegioides) were sampled in the grass stand, on the side of the footpath of the race track
(Medovoi Pechery Str,, Lviv, Ukraine; N 49° 49 15.1 E 24° 05 12.5% 348 m a.s.l.). Leaves of
Th. alpestris Tausch ex A. Kern. were harvested on the side of the road below the stream, in
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mountain valley Shumneska (Kvasy village, Rakhiv district, Zakarpattia region, Ukraine; N 48°
09 32.3 E 24° 21" 26.4", 1259 m a.s.l.). Identification of these five taxa was made according
to Nachychko (2014, 2015) and Nachychko and Honcharenko (2016). The voucher herbarium
specimens of plants used in this study were deposited at the Herbarium of M.G. Kholodny
Institute of Botany of the National Academy of Sciences of Ukraine (KW). Plant samples were
thoroughly washed to remove all attached material and used to prepare ethanolic extracts.

Preparation of plant extracts

Freshly leaves were washed, weighted, crushed, and homogenized in 96% ethanol (in
proportion 1 : 19) at room temperature. The extracts were then filtered and investigated for
their antimicrobial activity.

Bacterial strain and Agar diffusion susceptibility testing

Antimicrobial activity was determined using the agar disk diffusion technique (Bauer et al,,
1966). The clinical isolates of S. enteritidis were obtained from the Department of Bacteriology,
Regional Hospital in Koszalin (West-Pomeranian Voivodeship, Poland). The strain was grown
in a test tube containing 45 mL of sterile nutrient broth (Oxoid™ Ltd.) at 37 °C for 24 hours.
The purity of the inoculum was confirmed by plating on appropriate selective media and
microscopic examination of the Gram-stained smear. A loopful of inoculum was transferred
by streaking onto a Xylose Lysine Desoxycholate Agar (XLD agar) (Oxoid™ Ltd.). Plates were
incubated for 24 hours at 37 °C. Bacterial morphology was confirmed by optical microscopy.
Several colonies were collected with a sterile inoculating loop, transferred into a sterile
saline solution, and adjusted to the desired concentration using the McFarland nephelometer
standards

The culture was inoculated onto Mueller-Hinton (MH) agar plates. Sterile filter paper discs
impregnated with extracts were applied over each of the culture plates. Isolates of bacteria
were then incubated at 37 °C for 24 h. The plates were then observed for the zone of inhibition
produced by the antibacterial activity of various ethanolic extracts obtained from leaves of
Thymus representatives. The presence of inhibition zones around each of paper discs after
the period of incubation was regarded as the presence of antimicrobial action while the
absence of any measurable zone of inhibition was interpreted as absence of antimicrobial
action. Negative control discs impregnated with sterile ethanol were used in each experiment.
The antimicrobial activities of the extracts tested were evaluated at the end of the inoculated
period by measuring the inhibition zone diameter around each paper disc in millimetres. The
plates were observed and photographs were taken. For each extract, eight replicate trials
were conducted. Zone diameters were determined and averaged.

Statistical analysis

Statistical analysis of the data obtained was performed by employing the mean # standard
error of the mean (S.E.M.). All variables were tested for normal distribution using the
Kolmogorov-Smirnov test (p >0.05). In order to find significant differences (significance level,
p <0.05) between groups, the Kruskal-Wallis test by ranks was applied to the data (Zar, 1999).
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All statistical analyses were performed using Statistica 8.0 software (StatSoft, Poland). The
following zone diameter criteria were used to assign susceptibility or resistance of bacteria
to the phytochemicals tested: Susceptible (S) 215 mm, Intermediate (/) = 11-14 mm, and
Resistant (R) <10 mm (Okoth et al,, 2013).

Results and discussion

In order to identify Thymus species with antibiotic properties against salmonellosis, the
four species and one interspecific hybrid of Thymus genus were tested against Salmonella
enteritidis using the disk-agar method (Figure 1). Ethanol (96%) as the negative control
showed inhibition zones of the test strain (8.5 +0.49 mm). Of the herbal extracts tested, all
leaf extracts obtained from Thymus species were found to have antibacterial activity against
S. enteritidis strain tested; inhibition zones ranged from 8 to 16 mm. Moreover, both Th. alpestris
and Th. pulegioides extracts exhibited intermediate antibacterial activity against S. enteritidis
with statistically significant diameters of inhibition zones (12.6 +0.25 mm and 14.3 £0.59 mm,
respectively). The inhibition zones produced by leaf extracts obtained from Th. pannonicus
and Th. x porcii indicated that both showed effective antimicrobial activities, although these
extracts showed slightly higher activity, based on inhibition zone sizes (13.1 #0.85 mm and
12.2 £0.55, respectively), these results were non-significantly (p >0.05) (Figure 1).

16
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T 14 :
g 12.60 * 12.19
-~ 13
I
7 12
) 10.51
§ 11 !
=
g 10 8.50
= 9
=
: |
= 8

7
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Control Thymus Thymus Thymus Thymus Thymus x
alpestris pulegioides serpyllum pannonicus porcii
Figure 1 The mean of inhibition zone diameters of ethanolic extracts obtained from leaves of various

Thymus plants against Salmonella enteritidis strain locally isolated (M +m, n = 8)
* the changes are statistically significant (p <0.05) compared to the control group (96% ethanol)

Detailed data regarding the zones of inhibition by the various plant extracts were recorded
and presented in Figure 2.
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Figure 2 Antimicrobial activity of various ethanolic extracts obtained from leaves of Th. pannonicus (A),
Th. x porcii (B), Th. pulegioides (C), Th. alpestris (D) against Salmonella enteritidis strain
measured as inhibition zone diameter

It should be noted that the most antimicrobial effective plant against Salmonella enteritidis
strain was Th. pulegioides, being highly active with the mean diameter of inhibition zone
14.3 £0.59 mm. The antibacterial activity of extracts was greatest for Th. pulegioides followed
by Th. pannonicus (13.1 £0.85 mm) followed by Th. alpestris (12.6 +0.25 mm), Th. x porcii
(12.2 £0.55 mm), and then by Th. serpyllum (10.5 £0.23 mm) (Figure 1). Since the antibacterial
effectiveness of medicinal plants varies dramatically depending on the phytochemical
characteristics of plant families and subfamilies, it is not surprising to note the difference
in this efficacy even when using samples taken from the same plant, but from two different
regions.

Variation in the chemical profile of extracts could influence their biological activities.
Therefore, it was important to know the chemical composition of extracts to correlate with
their antimicrobial activities. Most of the antimicrobial activity in essential oils from Thymus
genus appears to be associated with high amounts of monoterpenoid phenols (thymol and
carvacrol) or monoterpenic alcohols (geraniol and linalool) (Petrovi¢ et al., 2016). The
thymol is responsible for antimicrobial activity (Marchese et al., 2016). Results of this study
are in agreement with other research showing that thyme essential oil (especially thymol
chemotype) possesses high activity against both Gram-positive and Gram-negative bacteria
(Karaman etal., 2001; Rasooli and Mirmostafa, 2002; Rota et al., 2008; Maksimovi¢ et al., 2008;

-216 -



Honcharenko, V., Tkachenko, H., Nachychko, V., Prokopiv, A., Osadowski, Z..
Agr.bio.div. Impr. Nut., Health Life Qual., 2018, 212-222

Nejad Ebrahimi et al., 2008; Ruiz-Navajas et al., 2012; Ballester-Costa et al., 2013; Moghimi et
al,, 2016; Fadli et al., 2012, 2016, 2018; Schott et al., 2017; Semeniuc et al., 2017; Vitali et
al, 2017). However, it should be noted that ethanolic extracts have a complex composition
and their antimicrobial activities were due to a synergist effect between a large number of
components present in small amounts in the extracts.

The two main bioactive compounds in thyme essential oil are thymol and carvacrol responsible
for most therapeutic aspects of the thyme extracts, i.e. antibacterial, antifungal, anti-
inflammatory, and antioxidant activities (Petrovi¢ et al., 2016). In a study by Rota et al. (2008),
most of the antimicrobial activity in essential oils from Thymus genus appears to be associated
with phenolic compounds (thymol and carvacrol). In Th. hyemalis Lange oil (thymol, thymol/
linalool, and carvacrol chemotypes) 49, 51 and 51 components were identified representing
about 97, 98.4 and 86.7% of the total detected constituents. Major components quantified for
the thymol chemotype were: thymol (43%) followed by p-cymene (16.0%) and y-terpinene
(8.4%); for Th. hyemalis thymol/linalool chemotype: linalool (16.6%), thymol (16.0%),
y-terpinene (9.8%), 1-8-cineole (5.4%),borneol (4.7%), verbenone (4.8%); and for Th. hyemalis
carvacrol chemotype were: carvacrol (40.1%), p-cymene (19.8%), borneol (5.0%) and thymol
(2.9%). Attending to the volatile profile of the essential oils, a richer relative concentration of
terpenic hydrocarbons (y-terpinene), alcohols (linalool, (Z)-verbenol, terpinen-4-ol, a(alpha)-
terpineol, geraniol, spathulenol) ketones (camphor, verbenone) and thymol oxygenated
derivates (thymol methyl ether) were quantified in Th. hyemalis (thymol ch.) when compared
to Th. zygis L. (thymol ch.) and Th. vulgaris L. (thymol ch.). Results of these authors suggest that
it could be a synergistic action among phenolic components and these compounds. Carvacrol
is another phenolic component that described the chemotype of Th. hyemalis essential oil.
The assays using this essential oil (40% carvacrol) showed bactericidal and bacteriostatic
activities similar to Th. hyemalis (43% thymol) since concentrations under 0.2 pl.mL™* were
enough to achieve the MIC and MBC for 9 of the 10 microorganisms assayed in the study of
Rota et al. (2008). The bacteriostatic properties of this oil are suspected to be associated with
the carvacrol content (Rota et al., 2008).

The antimicrobial activity of Thymus species has been well studied. Since the 1960’s, and
especially over the past 20 years, a large number of Thymus essential oils, extracts, and their
isolated compounds have been studied for the antimicrobial activity. These products are of
particular interest because no bacterial resistance or adaptation has been described, and low
or insignificant side effects have been found both for the essential oils and whole extracts
(Nabavi etal,, 2015). Semeniuc et al. (2017) have compared the antibacterial effects of several
essential oils alone and in combination against different Gram-positive and Gram-negative
bacteria associated with food products. Parsley, lovage, basil, and thyme essential oils, as
well as their mixtures (1 : 1, v/v), were tested against Bacillus cereus, Staphylococcus aureus,
Pseudomonas aeruginosa, Escherichia coli, and Salmonella typhimurium. Thyme essential oil
exhibited the best inhibitory activity against all bacteria evaluated by the Kirby-Bauer disk
diffusion test (range 12.16-36.41 mm), followed by basil, lovage, and parsley essential oils.
Its zone of inhibition is larger (for E. coli and S. typhimurium) or similar (for B. cereus) to
the size of gentamicin zone (the antibiotic used as positive control). Among the tested
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microorganisms, it produces the largest zone of inhibition against E. coli (strong inhibitory
effect), followed by S. typhimurium (moderate inhibitory effect), B. cereus (moderate
inhibitory effect), P. aeruginosa (mild inhibitory effect), and S. aureus (mild inhibitory effect).
P aeruginosa is the most susceptible to all essential oils and their combinations. Three essential
oils combinations show antagonistic effects against P aeruginosa (parsley/thyme, lovage/
thyme, and basil/thyme essential oils), and the other three combinations indifferent effects
(parsley/lovage, parsley/basil, and lovage /basil essential oils). Parsley/lovage, parsley/basil,
and parsley/thyme essential oil mixtures display significantly higher antibacterial activities
than the parsley essential oil. Basil essential oil does not significantly affect the antibacterial
activity of lovage/basil essential oil mixture. Thyme essential oil significantly contributes
to the antibacterial activity of parsley/thyme and lovage/thyme essential oil mixtures but
does not significantly influence the antibacterial activity of basil/thyme essential oil mixture.
All pairwise combinations exhibit lower antibacterial activities than the thyme essential oil
against all five bacteria. Considering that thyme essential oil has the highest percentage yield
and antibacterial potential from all tested formulations, it is therefore recommended to be
used alone as the antimicrobial agent (Semeniuc et al., 2017).

Cutillas et al. (2018) have supported the potential use of Thymus sp. essential oils as natural
preservatives of natural food, cosmetic and pharmaceutical ingredients. They have analyzed
by gas chromatography coupled with mass spectrometry detection six samples of red thyme
(Th. zygis) and two samples of winter thyme (Th. hyemalis) essential oils obtained from plants
cultivated in south-eastern Spain and extracted by steam distillation. Thymol (30-54%),
p-cymene (14-27%) and y-terpinene (8-28%) were the most abundant components of Th.
zygis essential oil, while 1,8-Cineole (3-37%), p-cymene (1-29%), linalool (8-13%) and
thymol (0-19%) were the most abundant components in the case of Th. hyemalis essential oil.
Enantioselective gas chromatography identified (-)-linalool, (-)-borneol and ( + )-limonene
as the main enantiomers. Several methods to evaluate antioxidant capacities were applied to
the essential oils, concluding that their activities were mainly due to thymol and linalool. The
inhibition of lipoxygenase activity, mainly due to thymol, p-cymene, and linalool, suggested
their possible use as anti-inflammatories. The high antibacterial and antifungal activities
determined for the essential oils means that they can be used as natural preservatives (Cutillas
etal, 2018). Moreover, the antimicrobial activity of five plant extracts against Bacillus cereus,
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Salmonella typhi using
agar disc diffusion technique was investigated by Mostafa et al. (2018). Ethanolic extracts of
Punica granatum L., Syzygium aromaticum (L.) Merr. & L. M. Perry, Zingiber officinale Roscoe,
and Thymus vulgaris were potentially effective with variable efficiency against the tested
bacterial strains at a concentration of 10 mg.mL™. These plant extracts which proved to be
potentially effective can be used as natural alternative preventives to control food poisoning
diseases and preserve foodstuff avoiding health hazards of chemically antimicrobial agent
applications (Mostafa et al., 2018).

In research of Safarpoor et al. (2018), Thymus daenensis Celak. and Silybum marianum
(L.) Gaertn. extracts with and without the presence of silver nanoparticles (Ag-NPs) were
prepared and used against some pathogenic bacteria and fungi to detect new sources of
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antimicrobial agents. The antimicrobial activities of Th. daenensis and S. marianum extract
with and without the presence of Ag-NPs were investigated at concentrations from 12.5 to
50 mg.mL™ against Staphylococcus aureus (Gram-positive organism) and Escherichia coli
(Gram-negative organism), and fungal strains were Aspergillus oryzae and Candida albicans.
Antimicrobial activity determined using agar disc diffusion method revealed that the activities
of Ag-NPs/Th. daenensis were superior to Ag-NPs/S. marianum and extracts (Th. daenensis
and S. marianum). The medicinal plant extract can be used to synthesize the Ag-NPs as an
eco-friendly and inexpensive method in large scale. The results of Safarpoor et al. (2018)
showed that the prepared Ag-NPs/extracts as good antibacterial and antifungal agents can be
potentially applied against rapidly increasing antibiotic resistance.

To increase the sensibility of Salmonella typhimurium strain, a mixture of Thymus vulgaris,
Rosmarinus officinalis L. and Myrtus communis L. essential oils were used in combined
treatment by experimental design methodology (mixture design) in the study of Fadil et al.
(2018). The chemical composition of essential oils was firstly identified by gas chromatography
and gas chromatography/mass spectrometry and their antibacterial activity were evaluated.
The results of this first step have shown that thymol and borneol were the major compounds
in Th. vulgaris and M. communis L. essential oils, respectively, while 1,8-cineole and
a-pinene were found as major compounds in R. officinalis. The same results have shown
a strong antibacterial activity of Th. vulgaris essential oil followed by an important power
of M. communis essential oil against a moderate activity of R. officinalis essential oil. The
optimization of mixtures antibacterial activities has highlighted the synergistic effect between
Th. vulgaris and M. communis essential oils. A formulation comprising 55% of Th. vulgaris
and 45% of M. communis essential oils, respectively, can be considered for the increase of
Salmonella typhimurium sensibility (Fadil et al.,, 2018).

Conclusions

The ethanolic extract obtained from the leaves of Th. pulegioides was the most effective plant
extracts against the Salmonella enteritidis studied in this work. The antibacterial activity of
extracts was greatest for Th. pulegioides followed by Th. pannonicus (13.1 £0.85 mm)
followed by Th. alpestris (12.6 +0.25 mm), Th. x porcii (12.2 £#0.55 mm), and then by
Th. serpyllum (10.5 +0.23 mm). These plant extracts could be a potential source of new
antibacterial agents. Further and more specific studies, in vivo as well are recommended
to determine the efficacy of these plants in the treatment of Salmonella-induced bacterial
infections.
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The aim of this study was to evaluate the in vitro effect of buffer extracts obtained from leaves of
various representatives of Thymus genus on the total antioxidant capacity (TAC) of the muscle tissue
of the rainbow trout (Oncorhynchus mykiss Walbaum). Leaves of Thymus serpyllum L. emend. Mill.,
Th. pannonicus All., Th. pulegioides L., Th. x porcii Borbas (a hybrid between Th. pannonicus and
Th. pulegioides), Th. alpestris Tausch ex A. Kern. were harvested to study. Freshly collected leaves were
washed, weighted, crushed, and homogenized in 0.1 M phosphate buffer (pH 7.4) (in proportion 1: 19,
w/w) at ambient temperature. The supernatant of the rainbow trout muscle tissue was used to incubate
with leaf extracts of various representatives from Thymus genus (in a ratio 19:1) at room temperature.
The most potent antioxidant effect was demonstrated for the extracts of Th. alpestris, Th. x porcii,
Th. pannonicus, Th. serpyllum, and Th. pulegioides compared to phosphate buffer control (59.5, 48,
45.9, 43.9, and 38.8%, p <0.05, respectively). The results of this study provide a new perspective on
the use of various Thymus species as a medicinal plant to improve the antioxidant response of rainbow
trout. Further studies including the use of other medicinal plants as food additives in aquaculture, the
assessment of its antioxidant effects on various tissues are in progress.

Keywords: Thymus, leaf extracts, rainbow trout (Oncorhynchus mykiss Walbaum), muscle tissue,
total antioxidant capacity

Introduction

Recently, medicinal plants came as a promising and substitute method for the control of fish
disease in aquaculture that offers an alternative because of their immunomodulatory effects,
to the drugs, chemicals, and antibiotics currently used in aquaculture to control diseases
(Galina et al., 2009). Additionally, medicinal plants are used in aquaculture not only as
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chemotherapeutics but also as feed additives, as they contain a wide variety of nutrients and
chemical compounds with many biological activities including growth promotion, appetite
stimulation, immune stimulation, antimicrobial, and anti-stress in fish (Chang, 2000; Galina
et al,, 2009; Citarasu, 2010). The mechanisms of action of plants and their derivatives are
attributed to the presence of many active second metabolites such as alkaloids, steroids,
phenolics, tannins, terpenoids, saponins, glycosides, and flavonoids (Galina et al, 2009;
Citarasu, 2010; Harikrishnan et al., 2011). Therefore, the development of new additives for
aquaculture still attracts the attention of many researchers and fish farmers comprising the
eco-friendly approach for the control of fish pathogens.

Plants of the mint family (Lamiaceae) produce many metabolites with antioxidant properties,
that are present as secondary metabolites which are synthesized as a defence mechanism.
Particularly, Thymus spp. also produce secondary metabolites with antimicrobial, antioxidant,
antimicrobials, expectorants, antitussives, and antiplatelet drugs (Kulevanova et al., 2000;
Figueiredo et al, 2008; Costa et al., 2012). The genus Thymus L. consists approximately
215 species currently recognized (Morales, 2002). These herbaceous perennials and sub-
shrubs distributed in Europe, Northwest Africa, Ethiopia, Asia and Greenland (Morales,
2002; Bartolucci et al,, 2013). It is one of the most widely used genera in folk medicine,
where it is popular for its stimulatory action on all organism functions (Viuda-Martos et al.,
2011). Many species of this genus are used in traditional medicine as tonics, carminatives,
antitussives, aromatic, expectorant, stomachic, antispasmodic, bronchospasmolytic, diuretic,
sedative, diaphoretic, and antiseptics, as well as anti-inflammatory, antioxidant, anthelmintic,
hepatoprotective and antitumor agents (Khan and Abourashed, 2010; Nabavi et al,, 2015).
Internally, thyme is used for treatment of acute bronchitis, laryngitis, whooping cough,
chronic gastritis, diarrhea, and lack of appetite, while externally in baths to treat rheumatic
and skin problems (bruises, sprains, fungal infections) as well as for minor arthritis, gum
disease, tonsillitis, etc. (Khan and Abourashed, 2010). Moreover, Thymus species have wide
application nowadays in food as a culinary herb and food flavoring, as well as in cosmetics
and pharmaceutics in toothpaste, soaps, detergents, creams, lotions, and perfumes. Thymus
i.e. leaves of Th. vulgaris L. and Th. zygis L. is used as a spice in several foods.

With the increasing interest in herbal medicine, environmental protection, and natural
products, numerous research in herbal or natural product studies has been published in recent
years (Kuklina et al,, 2017; Vergun et al., 2017). However, literature data on the antioxidant
activity of Thymus species in the aquacultural application is practically unknown.

In the last decades, more attention is received the plants possessed antioxidative properties
as important inputs in organic fish farming. Sénmez et al. (2015) have evaluated effects
of dietary supplementation of sage (Salvia officinalis), mint (Mentha spicata) and thyme
(Thymus vulgaris) oils on growth performance, lipid peroxidation level (malondialdehyde,
MDA) and liver antioxidant enzyme activities (superoxide dismutase, SOD; catalase, CAT;
glucose-6-phosphate dehydrogenase, G6PD; glutathione reductase, GR; glutathione-S-
transferase, GST and glutathione peroxidase, GPx) in rainbow trout juveniles. Their work
demonstrated changes in oxidative stress indices and antioxidant defense systems in the
liver of rainbow trout after long-term exposure to different plant oils. Sage and thyme oils
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have been determined as convenient and useful antioxidant enzyme stimulators and growth
promoters. Although, mint oil generally caused an increase in almost all antioxidant enzyme
levels, all growth parameters, feed conversion ratio, and survival were negatively affected by
mint diets. Therefore, it is suggested that mint has some undesirable effects on rainbow trout
physiology and is not a suitable feed additive. Overall, dietary inclusion of sage and thyme oils is
effective in enhancing rainbow trout growth, reduction in MDA and least changing antioxidant
enzyme activities at a low level of 500 mg per kg diet, and they can be used as important feed
supplements for rainbow trout production (Sénmez et al., 2015). To evaluate the effect of
different antioxidant and antimicrobial sources, semi-fried mullet fish fillets were dipped into
an edible coating solution containing thyme and marjoram at 2.5 and 5.0% and stored at 4 °C.
Samples coated with 5% thyme showed the lowest rate of peroxide formation (Yasin and Abou-
Taleb, 2007). Moreover, coated samples with thyme at 2.5 or 5% showed the lowest incremental
pattern in psychrophilic bacterial counts at any point of time during the cold storage (Kostaki
etal,, 2009). Therefore, these results indicate the potential use of these plant oils.

Therefore, the objective of the present study was to evaluate the in vitro the effect of buffer
extracts obtained from leaves of various representatives from Thymus genus on the total
antioxidant capacity (TAC) in the muscle tissue of the rainbow trout (Oncorhynchus mykiss
Walbaum). TAC is an indicator frequently used to assess the antioxidant status of biological
samples and can evaluate the antioxidant response against the free radicals produced in
a given disease (Rubio et al., 2016).

Material and methodology

Collection of plant materials

Samples were harvested in June-August, 2016. Leaves of Thymus serpyllum L. emend. Mill.
were collected among grass on sandy soil in the edge of a pine forest (Baymaky village, Bilohirya
district, Khmelnytsky region, Ukraine; N 50° 03" 58,9”, E 26° 13" 37,5, 257 m a.s.l.). Leaves
of Th. pannonicus All. were harvested among grass in the roadside between the two cultivated
fields (Syvky village, Bilohirya district, Khmelnytsky region, Ukraine; N 50° 02" 09.6",
E 26°13719.2”, 283 m a.s.l.). Leaves of Th. pulegioides L. were collected among grass nearby
land parcels (Syvky village, Bilohirya district, Khmelnytsky region, Ukraine; N 50° 02" 02.8”,
E 26° 14" 13.9”, 306 m a.s.l.). Leaves of Th.x porcii Borbas (a hybrid between Th. pannonicus
and Th. pulegioides) were sampled in the grass stand, on the side of the footpath of the race
track (Medovoi Pechery Str., Lviv, Ukraine; N 49° 49 15.1 E 24° 05 12.5% 348 m a.s.l.). Leaves
of Th. alpestris Tausch ex A. Kern. were harvested on the side of the road below the stream, in
mountain valley Shumneska (Kvasy village, Rakhiv district, Zakarpattia region, Ukraine; N 48°
09°32.3“ E 24° 21 26.4", 1259 m a.s.l.) (Figure 1).

Identification of these five taxa was made according to Nachychko (2014, 2015) and Nachychko
and Honcharenko (2016). The voucher herbarium specimens of plants used in this study were
deposited at the Herbarium of M.G. Kholodny Institute of Botany of the National Academy
of Sciences of Ukraine (KW). Plant samples were thoroughly washed to remove all attached
material and used to prepare extracts.
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Figure 1 Plants of Thymus serpyllum (A), Th. pannonicus (B), Th. pulegioides (C), Th. x porcii (D),
Th. alpestris (E) used in our study. Photos by Viktor Nachychko

Preparation of plant extracts

Freshly collected leaves were washed, weighted, crushed, and homogenized in 0.1 M phosphate
buffer (pH 7.4) (in proportion 1 : 19, w/w) at room temperature. The extracts were then
filtered and used for analysis. All extracts were stored at -20 °C until use.
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Experimental fish

Clinically healthy rainbow trout with a mean body mass of 80-120 g were used in the
experiments. The experiments were performed in water at 14.5 0.5 °C and pH 7.2-7.4. The
dissolved oxygen level was about 9 ppm with additional oxygen supply, with a water flow
of 25 L.min™, and a photoperiod of 12 h per day. The same experimental conditions were
used during the whole research. The water parameters were maintained under constant
surveillance. The fish were held in square tanks (150 fish per tank) and fed commercial
pelleted diet.

Muscle tissue samples

The muscle tissue samples were homogenized in ice-cold buffer (100 mM Tris-HCI, pH 7.2)
using a glass homogenizer immersed in an ice water bath. Homogenates were centrifuged
at 3000 g for 15 min at 4 °C. After centrifugation, the supernatant was collected and frozen
at -20 °C until analyzed. All enzymatic assays were carried out at 22 0.5 °C using a Specol
11 spectrophotometer (Carl Zeiss Jena, Germany) in duplicate. The reactions were started by
adding the tissue supernatant.

Experimental design

The supernatant of the muscle tissue was used to incubate with extracts of various species of
Thymus (in a ratio 19 : 1) at room temperature. The control group (trout muscle tissue) was
incubated with 100 mM Tris-HCI buffer (pH 7.2) (in a ratio 19:1). The incubation time was
2 hours. Total antioxidant capacity was studied in the incubated homogenate (control group
and in samples with extracts of various Thymus species).

Measurement of total antioxidant capacity (TAC)

The TAC level in the sample was estimated by measuring the 2-thiobarbituric acid
reactive substances (TBARS) level after Tween 80 oxidation. This level was determined
spectrophotometrically at 532 nm (Galaktionova et al., 1998). Sample inhibits the Fe®*/
ascorbate-induced oxidation of Tween 80, resulting in a decrease in the TBARS level. Briefly,
0.1 mL of sample was added to 2 mL of 1% Tween 80 reagent, 0.2 mL of 1 mM FeSO,, and
0.2 mL of 10 mM ascorbic acid. In the blank assay, 0.1 mL of distilled water was used instead of
the sample. The mixture was heated in a water bath for 48 hrs at 37 °C. After cooling, 1 mL of
20% trichloroacetic acid was added. The mixture was centrifuged at 3000 g for 10 min. After
centrifugation, 2 mL of supernatant and 2 mL of 0.25% 2-thiobarbituric acid were mixed.
The mixture was heated in a water bath at 95 °C for 15 min. The absorbance of the obtained
solution was measured at 532 nm. The absorbance of the blank was defined as 100%. The
level of TAC in the sample (%) was calculated with respect to the absorbance of the blank
sample.

Statistical analysis

The mean * S.E.M. values were calculated for each group to determine the significance of
the intergroup difference. All variables were tested for normal distribution using the
Kolmogorov-Smirnov and Lilliefors test (p >0.05). The significance of differences between the
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total antioxidant capacity level (significance level, p <0.05) was examined using the Mann-
Whitney U test (Zar, 1999). All statistical calculation was performed on separate data from
each individual with Statistica 8.0 software (StatSoft, Krakow, Poland).

Results and discussion

In the present study, we investigated the influence of leaf extracts obtained from various
Thymus representatives on the total antioxidant capacity in the muscle tissue of rainbow trout
after incubation with extracts under in vitro conditions. The most potent antioxidant effect
was demonstrated for the extracts of Th. alpestris, Th. x porcii, Th. pannonicus, Th. serpyllum,
and Th. pulegioides compared to phosphate buffer control (59.5, 48, 45.9, 43.9, and 38.8%,
p <0.05, respectively). The results showed that the leaf extract of Th. alpestris efficiently
increased the TAC level in muscle tissue (Figure 2).

Thymus x porcii | ot *
Thymus pannonicus | —
Thymus serpyllum | e d 1
Thymus pulegioides | —T—_
Thymus alpestris | e
Control | —d

0.00 10.00 20.00 30.00 40.00

Figure 2 The total antioxidant capacity in the muscle tissue of rainbow trout after in vitro incubation
with leaf extracts obtained from various Thymus representatives (M +m, n = 8)
* the changes are statistically significant (p <0.05) compared to the control group

Treatment of muscle tissue by leaf extracts obtained from various Thymus representatives
caused an increase of total antioxidant capacity in muscle tissue of trout. Therefore, it would
be reasonable to suggest that this enhancement of antioxidant effects is determined by their
by-products. There are different chemotypes, depending on the dominant component of the
essential oil such as thymol, carvacrol, linalool, geraniol, thujanol, a-terpineol, borneol, and
p-cymene (Nabavi et al,, 2015). High antioxidant activities have been reported for the thymol
and carvacrol present in the Thymus plant. Thymol, carvacrol, y-terpinene, and p-cymene
are the major compounds of genus Thymus plants which are responsible for its biological
and pharmacological properties such as anti-mutagenic, antitumor, antioxidant, anti-
inflammatory, etc. (Bhalla et al., 2013). In addition, results from in vitro and in vivo studies
show that carvacrol possess a variety of biological and pharmacological properties including
antioxidant, antibacterial, antifungal, anticancer, antimutagenic, antigenotoxic, analgesic,
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antispasmodic, anti-inflammatory, angiogenic, anti-parasitic, antiplatelet, spasmolytic, and
vasorelaxant, insecticidal, antihepatotoxic and hepatoprotective activities and uses such as
feed additive, in honeybee breeding and in gastrointestinal ailments (Baser, 2008). In recent
years, considerable research has been undertaken in an effort to establish the biological
actions of carvacrol for its potential use in clinical applications (Suntres et al., 2015). Areas for
future research are also covered are inhibitions of microbial and fungal toxin production and
the anti-inflammatory, analgesic, anti-arthritic, anti-allergic, anti-carcinogenic, anti-diabetic,
cardioprotective, gastroprotective, hepatoprotective, and neuroprotective properties of
carvacrol as well as metabolic, synergistic, and mechanistic aspects (Friedman, 2014).

Phenolic compounds act as free radical acceptors and chain breakers. They interfere with
the oxidation of lipids and other molecules by rapid donation of a hydrogen atom to radicals.
As an alternative antioxidant property, some phenolic compounds with dihydroxy groups
can conjugate transition metals, preventing metal-induced free radical formation. The redox
active metal ions such as Cu* or Fe?" interact with hydrogen peroxide (H,0,) through Fenton
reaction to form hydroxyl radicals (*OH), which is the most reactive ROS known, being able
to initiate free radical chain reactions by abstracting hydrogen from almost any molecule.
Phenolic compounds with catecholate and gallate groups can inhibit metal-induced oxygen
radical formation either by coordination with Fe?* and enhance autoxidation of Fe?*, or the
formation of an inactive complex with Cu?*, Fe?*, or Cu* with relatively weaker interaction.
These two antioxidant actions can cause a reduction of the steady-state concentrations of free
radicals and oxidant species. As a result, the subsequent oxidation of target molecules such as
lipids, proteins, and nucleic acids is diminished (Dai and Mumper, 2010).

Pronounced antioxidant and free radical scavenging activity of the various Thymus species
in vitro and in vivo was demonstrated in many studies. Mihailovic-Stanojevic et al. (2013)
have indicated that aqueous extract obtained from Th. serpyllum (wild thyme) may protect
against hypertension in an experimental model of essential hypertension. They have
evaluated total phenol and flavonoid contents, antioxidant capacity, free radical scavenging
activity and potential antihypertensive effect of aqueous extract obtained from Th. serpyllum
in spontaneously hypertensive rats and in normotensive Wistar rats. Total phenol content of
Th. serpyllum was 2008.33 +10.6 mg.L™" of gallic acid equivalents (GAE), and rosmarinic and
caffeic acids were predominant phenolic compounds. The ferric reducing/antioxidant power
and antioxidant capacity analysis revealed strong antioxidative properties of Th. serpyllum.
In vitro nitric oxide-scavenging activity of 1 mg.L™ Th. serpyllum extract was 63.43% with the
IC;, value of 122.36 pg.mL. Bolus injection of Th. serpyllum extract (100 mg.kg* body weight
i.v.) induced significant decrease of systolic and diastolic blood pressure and total peripheral
resistance in spontaneously hypertensive rats, without effects on these parameters in
normotensive Wistar rats. The cardiac index remained unchanged after Th. serpyllum extract
treatment in all experimental rats. Given a dose of Th. serpyllum did not show significant nitric
oxide-scavenging activity in vivo (Mihailovic-Stanojevic et al., 2013).

Chemopreventive efficacy of the Th. longicaulis C. Presl. extracts, by means of their anti-
inflammatory, cytotoxic and antioxidant activities were assessed in a study of Galasso et al.
(2014). To this purpose, each extract underwent an extensive screening towards five human
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cell lines: CCRF-CEM (leukemia); U251 (glioblastoma); MDA-MB-231 (breast cancer); HCT-
116 (colon cancer) and MRC-5 (lung fibroblasts) through XTT [2,3bis(2-methoxy-4-nitro-5-
sulfophenyl)-5-[(phenylamino)carbonyl]-2H tetrazolium hydroxide] test. The ability of the
extracts to counteract cyclooxygenase-2 (COX-2) expression was also evaluated by COX-2
expression assay in human THP-1 monocyte-derived macrophages. COX-2 inhibition could
represent a valuable anticancer strategy as it is associated with carcinogenesis and over-
expressed in a variety of human malignancies. Th. longicaulis extract sampled in the autumn
season, which was particularly rich in rosmarinic acid and methylapigenin, exhibited a strong
antioxidant and anti-inflammatory effectiveness (Galasso et al.,, 2014).

Natural antioxidants such as phenolic compounds, flavonoids, and other phytochemicals
can act as free radical scavengers (Tohidi et al., 2017). They also delay the lipid oxidation
process and might be valuable antibacterial and antioxidant natural sources and seem to be
applicable in both medicine and food industry (Baharfar et al., 2015). In a study by Baharfar
et al. (2015), flavonoid-, polyphenol- and anthocyanin-rich extracts of Th. kotschyanus Boiss.
& Hohen. aerial parts were evaluated for their antioxidant capacity, phenolic and flavonoid
contents, and antibacterial activity. The results indicated that all of the samples possess high
potent free radical scavenging and antioxidant activity. They were also rich in phenolic and
flavonoid compounds. Interestingly, the antioxidant activity of various extracts positively
correlated with their phenolic and flavonoid contents. Water extract which had the highest
phenolic and flavonoid content, showed an appreciable 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging activity as well as reducing power as compared with other extracts. On
the basis of the obtained results from the antibacterial test, the extracts contained moderate
to good growth inhibitory effect against both Gram-negative and Gram-positive bacteria.
Therefore, the tested Thymus extracts might be valuable antibacterial and antioxidant natural
sources and seem to be applicable in both medicine and food industry (Baharfar et al., 2015).
Saidi et al. (2016) have investigated the antibacterial activity of Th. daenensis Celak. extract
against extended-spectrum p-lactamases (ESBL), metallo-f-lactamase-producing Gram-
negative bacteria and methicillin-resistant Staphylococcus aureus (MRSA). Subsequently, the
antioxidant activity of Th. daenensis extract was assessed. The association between phenolic
compound and antioxidant activity was found for the ABTSe + method (43.52%) in the lowest
level, while, for FRAD and DPPHe methods other trends occurred (70.5% correlation for
DPPHe and 50.9% for FRAD) (Saidi et al,, 2016).

Conclusions

According to the results of this study, we addressed the hypothesis that by-products in the
leaf extracts obtained from various Thymus representatives may be a major contributor to
increase of the antioxidant capacity of muscle tissue of rainbow trout after incubation in
vitro. To prove this hypothesis, separation and characterization of secondary metabolites
compound in plant extracts are required for further study. Moreover, it should be noted that
measurement only TAC can provide limited information about the antioxidant status because
TAC assays do not measure all antioxidant components (Rubio et al., 2016). Special attention
should be given to the evaluation of the effects of plant extracts/products on fish growth,
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hematological profiles, immune responses and resistance to infectious diseases (Bulfon et al.,
2015). The present results suggest that the future herbal supplementation feeds responsible
for returning antioxidant capacity of various tissue and, therefore, the triggering the immune
system of the specific and innate immunity of salmonids. However, the exact mechanisms of
inducing the biochemical and immunological parameter recoveries using modern molecular
techniques should be applied to ensure that the species of herbal supplementation feeds used
in aquaculture are correctly identified, for quality assurance as well as safety.

In conclusion, the obtained data provide a new perspective on the use of various Thymus
species as a medicinal plant to improve the antioxidant response of rainbow trout. Further
studies including the use of other medicinal plants as food additives in aquaculture, the
assessment of its antioxidant effects on various tissues are in progress.
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The article is devoted to substantiating the feasibility of obtaining proteolytic enzymes from the tissues
of pulmonary freshwater molluscs for use in scientific and practical purposes. The article presents
the results of the two phases of the study. Initially, the authors conducted a comparative analysis
of the biochemical parameters of human, rat tissues and molluscs, and then they evaluated the degree
of proteolytic enzymes homology in humans and molluscs using methods of bioinformatics. The results
of studies of the first stage showed that the tissues of pulmonary freshwater molluscs can serve as
the starting material for the production of proteins, including enzymes. The results of the second
stage of research showed that in humans and molluscs the homology of the enzymes of unregulated
proteolysis is 66-69% and that of the proteolytic enzymes of the ubiquitin-proteasome pathway
is 72-76%. The obtained results substantiate the possibility of forming aquaculture of molluscs in
order to obtain from their tissues proteolytic enzymes for use in biopharmaceutics, cosmetology and
the food industry.
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BBegeHue

JlerouHble TNpPeCHOBOAHBbIE MOJIJIIOCKM NpPYJAOBUK (Lymnaea stagnalis L.) u porosas
katyuka (Planorbarius corneus L.) pacnpocTpaHeHbl B eCTECTBEHHbIX BoJjoeMaX EBpOIBL
[lepBpIli W3 HUX MPU3HAH MOJI€JIbHBIM OPraHU3MOM [JIsl HMCC/e[OBaHUSl JeHUCTBUS
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BO/IOPACTBOPUMBIX XUMHYeckux areHToB B E3C B 2010 roay. PazpaboTaHbl JieTajJbHble
TpeOGOBaHUSI K IMPOBEJEHUI0 CTPOrO KOHTPOJHPYEMBIX HCCJIEJO0BAaHUN B TedeHUe Bceil
WJIM 4aCTH KU3HU MoJItocKa (Series on Testing and Assessment. No. 121. Detailed review
paper on molluscs life-cycle toxicity testing. JT03284405. Environment Directorate. Paris
2010). B aToM ¢yHIaMeHTaJbHOM JIOKYMEHTEe NpHUBeAEHbl JaHHbIE O JOCTATOYHOM
HWJIEHTUYHOCTU PA3/JUYHbIX MeTaboJMYecKUuX MyTel, HampuMmep, NyTed OHOCHHTe3a
FOPMOHOB CTEPOUAHON NpupoAbl y Lymnaea stagnalis, a Takxe y MJEKONHUTAIOIIUX
>KMUBOTHBIX W 4esJioBeKa. B OOJIbLIMHCTBE COOOLIEHUH, OMMUCBHIBAKILUX MPaKTHYECKOe
HCII0JIb30BaHHE 3THUX BHUJIOB NPECHOBOAHBIX MOJIIIOCKOB, YKa3blBaeTCsl Ha UX ydyacTue
B MUILEBBIX L[ENIX 3KOCUCTEM, UX POJIb KaK TPOMEXYTOYHBIX IePeHOCYUKOB BO3OYAUTEIEN
HEKOTOPBIX 3ab60/iIeBaHUM, HCMOJIb30BAaHHWE B KayecTBe MOJEJNbHbIX OpPraHU3MOB JJis
u3y4yeHUs1 GU3UOJIOTUYECKUX NPOLeccCOB (pa3MHOXEHUE, HEPBHAs PeryJisiius, KJeTOUHbIN
MeTab0/M3M, TeHeTUKa U [Jp.). O4HAKO HAM He yJajJoch HAWTH CHUCTeMAaTU3UPOBAHHBIX
WCCAe0OBAaHUN, B KOTOPBIX Obl 0OCYXAaJICI BONPOC O BO3MOXHOCTHU MCIIOJIb30BaHUSA
MPECHOBO/IHBIX JIETOYHBIX MOJIJIFOCKOB /ISl TIOJIyYeHUsI GepMeHTOB, IPOAYKTOB MUTAaHUSI,
6M0JIOTUYECKU aKTHUBHbIX BellecTB (YupkuH u ap., 2012).

Panee 6bLI0 mNOKasaHO, 4TO B reMoJuMde M TremnaTonaHkpeace Lymnaea stagnalis
u Planorbarius corneus uMel0TCAd TPUICHHONOJOOHble MpPOTEUHA3bl, a TaKXe
AHTUTPUIICHHOBbIE HHTUOUTOPBI IMpoTeosu3a H o2-makporsooynun (Chirkin and
Dolmatova, 2017). YuuTelBasg, 4YTO CTPYKTYpbl NpPOTEOJUTHYECKHUX (epMeHTOB
KOHCepBaTUBHBI, Oblla cGOpMyIMpOBaHa 3aJa4ya NpeJBapuTeJbHON OLleHKH FOMOJIOTHHU
6eJIKOB CUCTEeMbl NPOTeOJiM3a y 4YesJoBeKa U JIErOYHbIX NPECHOBOAHBIX MOJIJIOCKOB.
B o6pamenun k yuactHukaMm Gordon Research Conference «Understanding Proteases and
Their Roles as Regulators of Health and Disease» (3-8 utonss 2018 roza) ykasaHo, 4TO
NpoTeasbl UTPalOT Pa3HOOGPA3HYI0 POJIb B PETyJIMPOBAHUN GHMOJIOTUH NPAKTHYECKH BCEX
opraHu3MoB. PaKTHYECKU OHU COCTABJSAIOT NpUMepHO 5% Bcex reHOB B JIIO60M JJaHHOM
reHoMme. PaHbllle npoTeas3bl ObLIM MOJIEKYJSPHBIMH €AUHULAMHU yJaJeHUsl «Mycopay,
KOTOpble MPOCTO JerpafupoBaJd OTpabOTaHHble OeJKH AJA NOAJAepKaHUsA O00Iero
romMeoctasa. OfiHaKo JeTajbHble HCCJeJ0BaHUA NPOJEMOHCTPUPOBANH, UTO QYHKIUHU
NpPOTEOJUTHYECKUX PpepMEeHTOB HAMHOIO CJ0XKHee, NOCKOJbKY OHM WUIpalOT KJII0YeBble
poJiM B KauyeCTBe PeryJsTOpPOB BaXKHbIX KJIETOYHBIX NPOLIECCOB, TAKUX KaK KJETOYHBIN
CUTHAJIVHI, JeJieHHe KJeTOK, UX rubesb M OOMeH BelleCcTB. BHek/eTo4YHble OesKH
Y HeKOTOpble GeJIKW MOBEPXHOCTH KJETKH MOTJIOLAITCA 3H/JOLUTO30M U AerpajupynoT
B JIM30COMax. JTU OpraHeJsibl cofepxkaT pAaj, KUCIbIX POTeas, BKJIOYasd KaTelCUHbI B,
Hu D, a Tak:xe MHOTHe Aipyrye ru/ipoJiasel. HekoTopble [UTO30/1bHBIE G€JIKU AerPaiupyoT
B JIM30COMax IOCJe INOIVIOUleHUA B ayTodarniecKux Be3MKyJaX, KOTOpble CIMBAOTCA
C IU30COMaMMU. YYUTBIBAsA He COBINaJleHWe CPOKOB JleJIeHUA KJIeTKH U ee MUTOXOHJpHUH,
HEKOTOpble MCCJe0BaTeNM BbIJEJNSI0T MNOHATHe ayTodaruud MUTOXOHAPUN KaK THUI
3anporpaMMHUpPOBaHHON rubesu. M3BecTHa Take LlaepoH-3aBUCHMas ayTodarus, npu
KOTOPOM NMPOUCXOAUT HallpaBJeHHBIN TPAHCIOPT YaCTUYHO JeHaTypUPOBaHHBIX OeKOB
U3 LUTOIJIa3Mbl CKBO3b MeMOPaHy JIN30COMBI B eé 1oJocThb. [Ipy paspylieHun MeMOpaHbl
JIN30COM MPOUCXOJUT aBTOJU3 KJAeTKU. OJHAKO BO BCeX TKAHAX >XUBbIX OPraHU3MOB
60JIbIIMHCTBO BHYTPUKJIETOYHBIX O€JIKOB JIerpaiMPyIOT C NOMOIbI0 YOUKBATHH (ubiquitin,
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Ub) - npoteacomHoro nyTu (UPP). 3TOT peryivpyeMbiil TUIl TPOTE0JIU3a UTPaeT HauboJsiee
BaXKHYI0 poJib B curHajuure kjieTku (McCarthy et al, 2017). Y>ke 6akTepuH HUCIOJB3YIOT
MPOTEOJIN3 JJIs pa3pylleHUus] WU aKTUBALUM PETYASITOPHBIX GEJKOB U JJs MOJyYeHHSs
CUTHAJIOB JIJ1s1 BPEMEHHOT0 U IPOCTPaHCTBEHHOI0 KOHTPOJISI IPOLLeCCOB MOP(OJIOrM4eCKOro
pasBuTtus (Lai and Caplan, 2011). BanuTeMaibHbIX U HEPBHBIX KJIETKAX 33 CYET KAJIbIIAaUHOB
U yOMKBUTHH-3aBUCHMBIX MPOTeacoM (GOPMHUPYIOTCA KOMHNAPTMEHTHI C OMpeJiesieHHbIM
COCTaBOM 6€JIKOB, B TOM 4uCJie GepMeHTOB, Jis BbIMOJHEHHUS CHElUATbHBIX KJIETOYHBIX
¢yukuui (Burger and Seth, 2004). BHyTpuMeM6paHHBIA NPOTEOJIU3, OCYIECTBJISIEMbIH
MeMOpaHOCBSI3aHHBIMM ~ [pOTeasaMM U KOMILIEKCAaMHU  y-CeKpeTasbl,  SIBJSETCS
dyHIaMeHTaIbHBIM TPOLECCOM TPAHCAYKIUK CUTHAJOB OT pPELEeNnTOpPOB IUTOKUHOB,
dakTopoB pocra, peuentopoB cMepTd (dakTopa Hekposa omyxoad Ttuna [, FasR
u TRAIL-R1/2). IlpoTeosn3 mno3BoJiSeT BbICBOGOXK/ATh pPACTBOPUMbIE peleNTOPHbIE
3KTOZ0MEHBI M FeHepUPOBaTh GparMeHThl LUTOIJIA3MAaTUYEeCKUX JJIOMEHOB pelenTopa. ITOT
MPOIECC CIOCOOCTBYET 06pa30BaHUI0 BHYTPUKJIETOUHBIX TOCPESHUKOB U GOPMUPOBAHHUIO
pacxoAsIIuXcsl BHYTPUKJIETOYHbIX cUrHa/bHbIX nmyTel (Lecker et al., 2006; Salvesen et al,,
2016). PerynupyeMblii mpoTeoin3 (calT-cnenuduUIecKul MpoTeoan3) ABASETCS BaXKHbIM
OMOJIOTUYECKUM MEXaHU3MOM DEry/siliuM 3KCIPEeCCHU I'€HOB, KJIETOYHOM CHUTHaIM3alLUH,
pasBUTHUSA U TUGeNU KJeTOK. LleHTpasibHbIA KOMIIOHEHT 3TOM CUCTEMBI — IpoTeacoMa
MOXET ObITh ONpeJie/ieHa U KaK «IpoTeas3a kKjaeTouHol cMmepTu» (Vogel and Kristie, 2000).
Jerpaganus 6enkoB no AT®-3aBUCHMOMYy yOUKBUTHH-POTEACOMHOMY MYTH BKJIOYAET
B cebs1 ZBa 3Tana - KOBaJIEHTHOE NPHCOEAUHEHHE K Cy6CTpaTy MOJIMYOHMKBUTHUHOBOM
LeNIOYKHU U JleTpajialivio IoMedyeHHOro 6esika 26S-npoTeacoMoil. Peakiiys yoUKBUTHUPOBAHHUS
ocyulecTBisieTcs kKackagoM ¢pepmenToB: E1 (Ubiquitin activating enzyme) - E2 (Ubiquitin
conjugatingenzyme) - E3 (Ubiquitinligase). BnpoTeacoMax MieKOMUTAIOIUX KATAJUTUIECKH
AKTUBHBIMU ABJSAIOTCSA B1-, B2- 1 B5-cy6beAUHUIIBI, TPUUEM BCE 3TU CYyO'beIUHULLBI 06J1a1AI0T
pasHbIMU ¢$epMeHTAaTUBHBIMU aKTUBHOCTAMHU (Kacna3onofo6HOHN, TPUIICMHONOA0O6HOMN
U  XUMOTPHUIICHHONOJO0OHOM, COOTBeTCTBeHHO). I[IpoTeacoMHoe paspyllieHHe 6eJKOB
SIBJIsIeTCS OBbICTPbIM MPOLIECCOM, KOTOPBIA o6ecrneyuBaeT IepeKJIoYeHUe BaXKHeMIIUX
MEeXaHHW3MOB 3KCIOPECCHUU TeHOB, KJETOYHOrO0 LMWKJIAa W alonTo3a MyTeM pa3pyLIeHUs
peryaaTopHbIx 6eskoB pl9, p21, p27, p53 u Apyrux, psja TPaHCKPUNILIMOHHBIX GAaKTOPOB
(Borquez and Gonzalez-Billault, 2011; Konovalova et al., 2014).

[lenpto  HacTosimield pPaGoTbl ObLIO OOOCHOBAaHHWE 1[eJIeCOOGPA3HOCTH  IOJy4YeHHSs
IPOTEOJUTHIECKUX GEPMEHTOB U3 TKAHEH JIErOUHbIX MPECHOBO/HBIX MOJIJIIIOCKOB /IS UX
HCI0JIb30BaHUS B MPAKTUYECKHUX LIEJISX.

MaTepI/IaI[ U ME€TOAMKA

Ha nepBoM sTame pa6oThl ObLI NpPOBEAEH CPABHUTEJbHbIM aHaIUW3 6GUOXUMHUYECKUX
NoKasaTesiell TKaHeH JIErOYHbIX HMPECHOBOJHBIX MOJIIIOCKOB, MJa3Mbl KPOBMU YeJiOBEKa
Y Ie4eHHU KPbIC JIUHUHM BucTtap. B mia3me KpoBu U reMosnMde onpesessag CogepKaHue
obulero 6esika, TVIIOKO3bl, 061ero xoJsecteposa (0XC), xoJsiecTeposia JIMIONPOTEMHOB
BbIcOKOU muioTHocTH (XC JIMBIT), Tpurnunepusos (TI), MoueBOM KHUCJIOThl U aKTUBHOCTb
ramma-mytamMuaTpaHcdepassl (ITT) ¢ nomoubio Ha6opoB HTIIK «AHanu3 X» (Benapycs).
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B TKaHAX NevyeHU KpbICHI U renaTonaHKpeaca MOJIJIIOCKOB ONpeJiesIsiid cojiepkaHue Geska
(Lowry et al,, 1951), IHK, PHK (Blober and Potter, 1968; /lanuenko, 2013) u riMKoreHa
(Krisman, 1962; Jlanuyenko u YupkuH, 2010). CpefHsAs BeJMYMHA KaXKAOrO MOKasaTeJs
onpegenanack B 8-10 NOBTOPHOCTAX, U CPaBHUTE/IbHBIA aHAJNW3 NPOU3BOAUJICA METOJOM
napaMeTpHUYeCKOH CTaTUCTUKH C UCII0JIb30BaHUeM t-kpuTepus CTbIOeHTa.

Ha BTOopoM 3Tame paboThl NOUCK W OTOOpP HYKJEOTUJHBIX I0CJeJ0BaTeIbHOCTEH,
KOAUPYIOIUX OeJIKKM 4esOoBEKa, OCYLIeCTBJsICS Ha cepBepe https://www.ensembl.org;
MOUCK TOMOJIOTUYHBIX MOCJ/Ie/I0BATEbHOCTEH JIsI MOJUTIOCKOB OCYIIECTBJISIJICS HA cepBepe
https://www.ncbi.nlm.nih.gov npu nomowu pecypca BLAST; onvcaHue 6e1KOB JJisl YeJI0BEKA
6bLI0 B3STO € pecypca https://www.uniprot.org; mapHoe BblpaBHUBaHHE U CpaBHEHUE
MOCJIeIOBATEJIbHOCTEH YeJIOBEKA W MOJIJIFOCKOB BBINOJHEHO B mporpamme MEGAS.2;
noctpoeHue 3D-cTpykTyp depMeHTOB [I/is1 MOJIJIIOCKOB BBINOJIHAJIOCH Ha cepBepe https://
swissmodel.expasy.org mno ma6soHy 3D-cTpyKTypbl $epMeHTOB 4YeslOBeKa, HaWJleHHbIX
B 0OaHKe [aHHBIX TPEXMEPHBIX CTPYKTYp OEJKOB U HYKJEWHOBBIX KucjaoT http://
www.rcsh.org. B pa6oTe HcmnoJsib30BaH CAeAYIOUUN aJTOPUTM: MOUCK HYKJIEOTHUIHOU
MOC/JeIOBATENbHOCTH —  IMOCTPOEHHE aAMHHOKUCJOTHBIX IOCJeJ0BaTeJbHOCTEN
CpaBHMBaeMblX OeJIKOB — KX MapHOe BblpaBHMBAaHUE U OLleHKa CTeNeHW [OMOJIOTHHU
MePBUYHBIX CTPYKTYp — HoCTpoeHue 3D-CTpyKTyp Mo LabJIoHY CTPYKTYPbl CPAaBHUBAEMOTO
0eJika 4Yes0OBeKa — OIleHKA TPETUYHOU CTPYKTYpbl IO ApPXUTEKType MOJIEKYJ U HX
JIOMeHHOW opraHu3anuu. lMcciegoBaHue MOTHBOB W CTPOEHHUs aKTHUBHBIX IIEHTPOB
dbepMeHTOB He BXO/WJIO B 33/1a4U JJaHHOU paboThl. PaHee mpu cpaBHEHUH Pe3yJbTaTOB 2-X
JIOKHHTOB MeX/Jy Co60i OBLIO BBISICHEHO, YTO 6 aMUHOKHUCJIOT TpUlcuHa y Homo sapiens
U y Biomphalaria glabrata cBA3bIBalOTCA C 3TUOHUHOM B OJIM3KUX JIOKYCaX MOJIEKYJI
depmeHTa. AMUHOKUCIOTHI 451 Homo sapiens: Asp 189, Ser 190, Gln 192, Ser 195, Val 213,
Cys 220, amuHOKUCAOTHI A5l Biomphalaria glabrata: Asp 224, Ser 225, Gln 227, Ser 230,
Val 248, Cys 254. l'omosiorust MoJieKys TPUIICUHA YeJ0BeKa U MOJIJIFOCKA cocTaBusa 26,6%
(Chirkin et al., 2017).

PESYJIbTaTbI A TUCKYCCUA

B Tabsmue 1 mnpejcraBiieHbl OUOXMUMHUYECKHE IOKa3aTeJMd IJIa3Mbl KPOBHU YesoBeKa
U reMoJuM®bl MOJUJIIOCKOB, a TaKXe TKaHU Ie4eHW KpbIChl M TrenaTolaHKpeaca
MOJIJIFOCKOB.
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Ta6auna 1 CpaBHeHHEe GMOXHMHYECKHUX NOKa3aTeseld IJIa3Mbl KPOBH U IEeYEeHU MJIEKONMHUTAIOIUX
C aHAJIOTUYHBIMU NOKa3aTesIMU reMoJIMMObI U renaTonaHKpeaca MOJIJIIOCKOB

Table 1 Comparison of biochemical parameters of blood plasma and liver of mammals with similar
indicators of hemolymph and hepatopancreas of mollusks

Iloka3areyib MiekonuTawmue Lymnaea stagnalis Planorbarius corneus
Hcciepyemas »KUAKOCTb Ilnasma (Homo sapiens) Femosmmmda

061U 6e/10K (r.n'l) 74,4+2, 35 14,9+0,24** 36,3+1,62%**
MoueBas K-Ta (MKMOJIb.Jl'l) 301+12,6 30,4+0,76** 89,1+£2,00%**
IoKo3a (MMoJIb.T ) 4,99+0,37 0,54+0,04** 1,15+0,08% **
0XC (MMO.m;.Jl'l) 5,19 0,52 0,49 +0,01** 0,33 £0,01***
XCJINBII (MMOJI];.JI'I) 1,22 0,12 0,06 £0,01** 0,11 +0,01***
TT (MMosIb.T ) 1,47 £0,14 0,35 +0,01** 0,23 £0,01***
ITT (Ex.1Y) 40,1 +4,25 187 +9,42** 178 +£7,70**
Hccnepyemas TKaHb Ileuens (Rattus) lemaTonankpeac

0Gmuii Ges1ok (Mrr) 225+9,82 203 +4,30 205 £7,50
JHK (MI‘.I"I) 3,12 £0,42 2,44 0,08 2,73 £0,29
PHK (Ml".I"l) 8,53 +0,82 7,46 £0,28 6,79 0,58
[nukoren (MI‘.r'l) 42,5 +3,10 27,0 £0,36** 21,1 £0,11%**

[Ipumeuanue: * P <0,05 npu cpaBHeHUU INoOKasaTesel Planorbarius corneus ¢ Lymnaea stagnalis; ** P <0,05 npu
CpaBHeHUHU NokasaTesielt Homo sapiens v Rattus c Lymnaea stagnalis v Planorbarius corneus

YcTaHOBJIEHO, YTO GOJIBLIIMHCTBO OMOXMMHUYECKUX IIOKa3aTeJsell B IJla3Me KPOBU 4eJloBeKa
BbIlle 110 CPABHEHUIO € reMoiuMOl MPYJOBUKOB U POTOBBIX KaTYLIEK, BEPOSATHO, U3-3a
HEe3aMKHYTOT'0 KpOBOOOpalleHHUs: o6k 6esiok B 4,99 u 2,05 pasza, Mo4yeBasi KHUCJIOTA
B 9,90 u 3,38 pasa, rioko3a B 9,24 u 4,34 pasa, obuuit xosecteposa B 10,6 u 15,7 pasa,
X0JIECTEPOJI JIMIIONPOTENHOB BBICOKOW MIOTHOCTU B 20,3 m 12,2 pasa, TpUIVIHMLEPUJbI
B 4,20 u 6,39 pasa, cOOTBETCTBEHHO. TOJIbKO OJIUH IOKa3aTeJb — aKTHUBHOCTb raMMa-
IyTaMUITpaHchepasbl OKasajach CYyLUIeCTBEHHO Bbille B TreMojuMde MpPyZOBUKOB
Y POTOBBIX KaTylleK B 4,66 1 4,62 pasa, 10 CPaBHEHUIO C aKTUBHOCTBIO 3TOro ¢pepMeHTa
B IJIa3Me KpOBU 4esoBeKa. BeposTHO, 3TO pe3y/abTaT 60JibLIEro KOHTAaKTa MeMOpaH
MapeHXWMaTO3HbIX KJETOK C reMoauM¢oi, OMbIBalOLIed 3TU KJIETKHA MPU OTCYTCTBUU
cocymucTbix cTeHOK (YupkuH u Jap. 2018). Cogepkanue 6enkos, JHK, PHK, riukoreHa
B renaTonaHKpeace JIerOYHbIX IPECHOBOAHBIX MOJIJIIOCKOB JJOCTAaTOYHO GJIM3KO K YPOBHIO
3TUX OUONOJHUMEPOB B IMeYeHU KpbIChL. Pe3yabTaTbl 3TUX MCCJAeJL0BAaHUN NO3BOJIMJIA
MPEeJNOJIOKUTD, YTO TKAHU JIETOUHBIX TPECHOBOAHBIX MOJIIIOCKOB MOTYT CIYKUTb UCXOAHBIM
MaTepuasioM [Jisi TOoJiyueHUs 6esIKOB, B TOM 4HcJe (epMeHTOB, KaK 3TO peanu3yeTcs
B [IPOMBIIIIJIEHHOM MacuTabe npu UCIO0Jb30BaHUU TKaHEH psijia MOPCKUX THAPOOUOHTOB.

CpaBHUTe/IbHBIH  6HOMHPOpPMATHYECKUH  aHAJU3  NPOTEOJUTUYECKUX (epMEeHTOB
yeJIOBeKa W MoJItocKa Biomphalaria glabrata, siBasitoierocss poACcTBEHHbIM OPraHU3MOM
¢ Planorbarius corneus, npeJicTaBjieH B TabJuIie 2.
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Ta6una 2 OnieHKa FOMOJIOTHM TEPBUYHBIX U TPETHYHBIX CTPYKTYP MOJIEKYJ BHYTPHUKJIETOYHBIX
NPOTEOUTHYECKUX GEPMEHTOB YeJI0BeKa U MOJIJIFOCKA

Table 2 Evaluation of the primary and tertiary structures homology of the of the humans and
mollusks molecules of intracellular proteolytic enzymes

depmeHT Tomonorus
IlociepoBaTeILHOCTH TpeTH4HbIe CTPYKTYPBHI,
AMUHOKUCJIOT (%) OJHOTUIIHBIE YYACTKHU
Prolyl oligopeptidase (K® 66 asnbda-cnupaau30BaHHbINA
3.4.21.26) 1 6eTa-CKJaag4aThld JOMEHbI
ATP-dependent Clp protease 68 NPU3HAKH CTPYKTYPbI THIA
proteolytic subunit (K® 3.4.21.92) CEeMUJIy4eBOH 3Be3/1bl
Furin - K® 3.4.21.75 69 aﬂb(l)a-CHl/IpaJII/BOUBaHHbII/I
U 6eTa-CKJaaf4daThli JJOMEHbI
Signal Peptide Peptidase (K® noBTOpsoIIKecs 4 TUna
66
3.4.11.2) asnbda-cnupasbHbIX CTPYKTYP
Leucyl aminopeptidases (cytosol
aminopeptidase, K& 3.4.11.1) 66 aHaJIOTHYHas rekcaMepHast CTPYKTypa
Thimet oligopeptidases (K® 66 npeob6JiaJjaHue
3.4.24.15) asbda-crnMpasru30BaHHbIX yYaCTKOB
Ubiquitin conjugating factor E4 72 OZIHOTUITHBIE
B-like (K® 6.3.2.19) anbda-cnupanu3oBaHHble GparMeHThl
OJIMHAKOBO YepeyTCs
Ubiquitin conjugating factor E2 75 anbba-cnypanbHble,
W-like 6eTa-CTPYKTYpHble U HEYNOPATA0UHbIE
dparmMeHThI
Ubiquitin carboxyl-terminal
72 CXO/IHbl€ KaTaJUTHYECKHE JJOMEHBI

hydrolase L5

HOCTPOEHHUE JJOMEHA, COCTOSILIETO
76 13 anbda-crupanabHbIX U 6eTa
CTPYKTYPHBIX Y4aCcTKOB

Ubiquitin-like modifier-activating
enzyme 5

Amidophosphoribosyl-transferase
(phosphoribosyl pyrophosphate 64 YeThIpe OJHOTHITHBIX JOMEeHa
amidotransferase) (Ko 2.4.2.14)

Adenylosuccinate lyase 68 MOHOMepbI UMEIOT 110 TPU
(adenylosuccinase, K® 4.3.2.2) WJIeHTUYHBIX JOMeHa

[lepBrie iecTh GepMEHTOB, Ipe/CTaBJIEHHBIX B TA0/IHLE 2, ABAAIOTCI GepMeHTaMu, KOTOpble
MOXXHO OTHECTH K TpYINe CTPOr0 HEpPEeryJupyeMbIX HPOTEOJUTHYECKHX (EPMEHTOB:
1-Prolyl oligopeptidase npe/icTaB/sieT co60¥ UTO30JIbHYI0 CEPUHOBYIO NENTH /A3y, KOTOPas
paciienisieT NenTUAHY0 cBA3b C-KoHIeBoro npoJinHa; 2 — ATP-dependent Clp protease
proteolytic subunit BXoguT B cocTaB BbICOKOAKTUBHOW CepUHOBOU 3HzomnenTuaasbl Clp;
3 - Furin ABJ1sIeTCA CepMHOBOM NIPOTea30M KJIETOK XKUBOTHBIX, PACIOJIO)KEHHOH B anmnapare
[oNb/P)kM M HaNOMHUHaeT G6GaKTepuasJbHbIH NPOTEOJUTHUYECKUH ¢GepMeHT CyOTHUJ/IN3UH;
4 - Signal Peptide Peptidase - aTo BHyTprMeMOpaHHas acClapTU/I-IIPOTea3a, pacilelsoas
OCTaTOYHble CHUTHAJbHbIE MENTH/bl, OCTaBLIMecs B MeMOpaHe TIIocje [JlelCcTBUEM
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CHUTHaJIbHOM NenTuAasbl; 5 — Leucyl aminopeptidases (cytosol aminopeptidase) oTHocuTCs
K ¢depMeHTaM, KOTOpble MNPEUMYLIeCTBEHHO KaTaJU3UPYIOT THUAPOJHU3 JIeHI[MHOBBIX
ocTaTkoB Ha N-koHIle nenTu/0B U 6eskoB; 6 - Thimet oligopeptidases, usBectunie kak TOPs,
SBJISIIOTCS MeTa/UIONENTH/Aa3aMU U y )KUBOTHBIX OHU y4YaCTBYIOT B Jerpalaliuu NenTUzioB —
OpaIMKUHUHA, HeHPOoTeH3uHa, aHruoTeH3uHa | u nentuzga AP. [lepBUYHbIE CTPYKTYPbI 3TUX
depMeHTOB yesioBeKa U MOJUIIOCKA Biomphalaria glabrata nocjie napHOro BhIpaBHUBAHMUSA
JIeMOHCTPUPYIOT TOMOJIOTHIO B HHTepBase 66-69%. 3D-cTpykTypbl 3THX (pepMeHTOB
y 4deJoBeKa M MOJUIIOCKA OJIM3KHW MO apXUTEKType W HaJU4YUI0 JOMEHHBIX CTPYKTYP.
Cnepyrouiye 4yeTbipe pepMeHTa OTHOCATCS K yIPaBJseMOMY YOUKBUTHH-IPOTEACOMHOMY
nyTH npoTeosusa; 7 — Ubiquitin conjugating factor E4 B-like, konblorupyroiue y6UKBUTHH
depMeHTH], TakXe U3BecTHble Kak pepMeHThl E2; 8 — Ubiquitin conjugating factor E2 W-like;
9 - Ubiquitin carboxyl-terminal hydrolase L5; 10) Ubiquitin-like modifier-activating enzyme 5.

HyksieoTujHble MNOC/A€A0BaTENbHOCTH 3THUX (GEepMeHTOB [IJI1 MOJIJIIIOCKOB OKasauCh
HEeINOJIHbIMU, HO, TEM He MeHee, IPOBeleHHbIN aHa/Iu3 GparMeHTOB NePBUYHBIX CTPYKTYP
nokasas 6oJiee BBICOKYI CTeleHb T'OMOJIOTMM IpPH MapHOM BbIpaBHUBaHUM 72-76%,
a ¢parmeHTbl 3D-CTPYKTyp NO3BOJIMJM BBISIBUT CXOJCTBO TPETUYHBIX CTPYKTYp Ha
ypOBHe 006Ilell apXUTeKTypbl MOJIEKYJ W WX JOMeHHOro crtpoeHus. /[lis cpaBHeHUs
6uonHPOpMaTUYECKOMY aHAIU3Y OBbLIM MOABEPrHYTHI Ba pepMeHTa MypPpHUHOBOr0 06MeHa,
BaXHOTO JIJIsI CHHTe3a HyKJIeoTu0B: 11 - Amidophosphoribosyl-transferase (phosphoribosyl
pyrophosphate amidotransferase), KOTOpPbIi COJEPXKUT aHAJOr KaTaJUTUYECKOW TpUa/bl
IUCTEUHOBBI3 MpoTea3, U 12 - Adenylosuccinate lyase (adenylosuccinase), KOTOpbIi
npeBpauiaeT ajeHuaocyknuHaT B AMP u dymapart. [omosiorust aTux ¢epMeHTOB y UesoBeka
U MOJUIIOCKA TaKasl >Ke, KaKk U y pepMeHTOB HeperyJupyeMoro mpoTreoJsinsa. B Tabsuie
3 B KauecTBe IpuMepa MpuBeZieHbl 3D-CTPYKTYypbl HEPETyJIUPYyEMOTO U PEryJUpPyeMOTo
dbepMeHTOB IpoTeoJIN3a YeJ0BeKa U MoJIIIoCKa Biomphalaria glabrata.

Ta6suna 3 3D-CTPYKTYpbI KJIETOYHBIX IPOTEOJTUTHIECKUX GEPMEHTOB YeI0BeKa U MOJIJIFOCKA
Table 3 3D structures of cellular proteolytic enzymes of the human and molluscs

®epment 3D-cTpykTypa dpepMeHTa 3D-cTpykTypa depmMeHTa
4YesI0BeKa MOJITIOCKA

Furin

Ubiquitin carboxyl-

terminal hydrolase L5
(kaTanuTHYECKUI JOMEH)
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[IpeackasaHue CTPYKTypbl 6GesikoB in silico sBaseTca 3QQPEKTHBHBIM CIIOCOG0OM
moJIydeHUs1  MojJesiell  GeJIKOB, CTPYKTypa KOTOPBbIX elle He  ompejeseHa
IKCIIepUMEeHTaJbHO. B faHHOM  cTaTbe  HCNOJAB30BaH METOZA  TOMOJIOTHYHOTO
MOJeJIMPOBAaHUS], KOTOPBIA ONHUpPAeTCsd Ha CYUeCTBYIOUIYIO “IIaGJIOHHYI® CTPYKTYpY,
CXO[JHYI0 10 aMHUHOKMUCJOTHOM MOCJAe40BaTEJbHOCTH C MOJAEIUPYEMbIM 6eJKOM. JTOT
yCIeMIHbIM MeTO/ MOJIYYHJI 10CTAaTOUYHO IIKPOKOE paclpoCTPaHEHUe MPU CPABHUTEIbHOM
aHa/M3e 0esIKOB KUBBIX CUCTeM MeTojAaMu 6uonHpopMmaTuku (Xiang, 2006; Zhang, 2008).
[IpefcTaB/ieHHble JaHHblE MOKAa3blBAIOT, YTO BbICOKAs CTelNeHb I'OMOJIOTMU (GepMEeHTOB
MpOTeo0JIM3a V YeJoBeKa U MOJIIIOCKA CONpsikeHa ¢ GOPMUPOBAHHUEM OJIM3KUX TPETUUYHBIX
CTPYKTYp OeJIKOB. ITO CBUJETEJIbCTBYET B I0JIb3y HPEAIOJ0XKEHUS, YTO CpaBHUBAaeMble
NPOTeOoJUTHYEeCKHEe GePMEHTHI YeJ0BEKA Y MOJITIOCKOB BBIIIOJIHSIIOT OJJHOTHUITHbIE QYHKIIHH.
MoxHO TakXe NpejnoJIOKUTb, YTO 0OoJiee BbICOKAs CTeleHb TOMOJIOTMU NEPBUYHBIX
CTPYKTYp y HPOTEOJUTHYECKUX (GepMEHTOB YOUKBHUTHH-NPOTEACOMHOIO IYTH MOXKET
6bITb CBfI3aHa C 60JIee BBICOKOH CTeNeHb KOHCEPBAaTUBHOCTH 3TOT0 PEryJMpyeMoro nyTu
BHYTPHUKJIETOYHOTO POTEOJIN3A.

[IpakTHyeckasd 3HAYMMOCTb I[OJIy4YEHHBIX [JaHHBIX O BbICOKOH CTelNeHW TOMOJIOTHUU
MPOTEOJUTHYECKUX (PEPMEHTOB y 4YesioBEKa M JIETOYHbIX MPECHOBOJHBIX MOJIJIIOCKOB
060CHOBbIBaeT GOpPMHpPOBAHHE aKBAKYJbTYpPbl MOJIIIOCKOB C LeJbl0 TOJIy4eHHUS U3 HUX
TKaHel 6e/IKOBbIX GepMEeHTATUBHBIX IPenapaToB NPOTEOTUTUUECKOTO AeUCTBUS B paMKax
3ajjay 6uodapmanuy, AJs COBEPLIEHCTBOBAHUS KOCMETHYECKUX CPEACTB U NPUMeHEeHHUs
B [NUI1EBOU MPOMBIIIJIEHHOCTH.

BbIBOAbI

Conmepxanue 6enkoB, /IHK, PHK, rivkoreHa B renaTonaHkpeace JIerOYHbIX MPEeCHOBOAHbBIX
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Cultivation of Polymnia sonchifolia Poepp. in Ukraine does not guarantee a stable crop of root tubers,
therefore, we are studied the possibility of using aboveground biomass of plants. Both tubers and extract
of leaves reveal hypoglycemic effect (Kim et al., 2010). Plants of P. sonchifolia cv. Yudinka were used in
this study. Leaves mass was cut twice on season to obtain maximal quantitative of plant raw material. The
absolutely dry matter was determined by drying of plant raw material to constant mass; total content of
sugars - by Bertrand method; concentration of ascorbic acid (AA) - by a 2.6-dichlorophenol-indophenol
method; concentration of total carotene - using extraction with rubber solvent (petrol); the total lipid
content was extracted with petroleum ether in Soxhlet extractor. The productivity of plant raw material
at the double cutting was 22 t.ha!, whereas at the cutting once on season was obtained 12 t.ha™. Cutting
promotes rejuvenation of plants and stimulates synthesis of biologically active compounds. In this case
was observed increasing of yield of plants, content of dry matter and basic biochemical compounds
of plants. Potential yield of content of dry mass of two cuttings were 3.08 t.ha™, while one cutting
2.16 t.ha™. Total content of sugars was higher in the young organs of shoot. Content of AA was higher
in young leaves in the August than in October - 302.68 and 201.37 mg% respectively. The content of
carotene decreased from 4.01 to 0.62 mg% during summer-autumn growing period. Quantity of lipids
wasn't significant (1.25-3.60%), but the most content was found in the leaves.

Keywords:  Polymnia sonchifolia, dry matter, total content of sugars, ascorbic acid, carotene

Introduction

Modern methods of glycaemia phytotherapy provide the use of plants with sugar-reducing,
cytoprotective and immunostimulating properties (Kikhtyak, 1998; Jia et al, 2003).
Polymnia sonchifolia Poepp., that originates from South America and belongs to Asteraceae
family, is characterized the above properties. Numerous scientific investigations proved the
hypoglycemic action of P. sonchifolia (Khokhla et al., 2015, 2016). Traditionally, the root tubers
were known as medicinal plant raw material but it’s also proved the effectiveness of use of
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leaves extracts for the decreasing of sugar level in the blood (Aybar and Riera, 2001; Kim et al.,
2010; Mishchenko et al., 2012). P. sonchifolia leafe tea is used as medicinal remedy by locals
in Latin America (Manrique et al., 2005). Aboveground part of this plant included to content
of hypoglycemic phytotea that was produced in Ukraine (Pat. No 86475, 2013). Moreover, as
plant with high physiological activity P. sonchifolia has valuable content of biogenic elements,
flavonoids, phytosterols, polysaccharides, polyunsaturated fatty acids etc. (Lachman et al,,
2003; Dashchenkoetal,, 2016).1tisknown, thatleaves ofthese plants contenthigh quantitative
of phenolic compounds that determines the antioxidant properties of P. sonchifolia and
makes possible using of plant raw material in human ration as protective and preventive
remedies at the chronic illness such as atherosclerosis (Valentova and Ulrichova, 2003).
From P. sonchifolia it is possible to make products for special medical purposes: extracts and
powders (Motuzka, 2017).

At the place of origin the high of plants is 1.5-2.5 m (Manrique et al., 2005). Although the
most favorable is subtropical climate, plants able to grow in the temperate climate. Cultivation
of P. sonchifolia in conditions of Ukraine possible with cutting at the greenhouse conditions
(Mishchenko et al.,, 2018). Obtaining high yield of tubers in the drought conditions can be
problematic but aboveground part of plant is a valuable raw also.

There is a need of study of productive plant potential and their biochemical composition in
the perspective of industrial use.

Material and methodology

Material

Plant material of P. sonchifolia cv. Yudinka was used in this study.

Experiment organization

Study of plants were conducted on experimental collection of M.M. Gryshko National Botanical
Garden of the NAS (NBG) of Ukraine (Right Bank Forest-Steppe). The soil is dark-grey,
podzolized, eroded. Planting scheme was 50 x 50 sm. First yield of biomass was conducted at
3™ August with cutting of apex of stem on the heigh of 20 sm from the surface of soil; second
yield - 1°" October. Analyses were performed at the biochemical laboratory of Cultural Flora
department of NBG.

Methodology of biochemical substances content

The absolutely dry matter determined by drying of plant raw material for constant mass at
the 105 °C according to Yermakov et al. (1972). Total content of sugars was investigated by
Bertrand method in water extracts; concentration of ascorbic acid (AA) of the acid extracts
was determined by a 2.6-dichlorophenol-indophenol method that based on the reduction
properties of AA. Both analyses carried out according to Krishchenko (1983). Concentration of
total carotene determined according to Pleshkov (1985) using extraction with rubber solvent
(petrol). The procedure of determination of total lipid level was performed using Soxhlet
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extractor. Plant raw material was extracted with petroleum ether (boiling temperature is
40-60 °C) according to Yermakov et al. (1972).

Results and discussion

P. sonchifolia can grow without the formation of root tubers under conditions of industrial
cultivation in the forest-steppe zone of Ukraine. We did an experiment in which the plants
first used apical leaves, and then all biomass: leaves, stems and rhizomes. Since in August it
is possible to use only apical leaves, the analysis of stems and rhizomes was not performed at
this time.

The biochemical composition of P. sonchifolia in literary notes is mainly given at the time of
harvesting of tubers. As a rule, it is investigated tubers. It is given that in yacon roots contains
69-93% water (King, 1987; Grau and Rea, 1997; Valentova and Ulrichova, 2003). According
to our data, most of the water found in young leaves and stems (86 and 88% respectively)
(Table 1). Most authors report the sugar content in tubers, which range from 12.5 (Valentova
and Ulrichova, 2003) to 29% of total dry weigth (Asami et al., 1989). According to our data,
the content of sugars increases in sequence: leaves < stems < rhizomes (Table 2). This is also
confirm by studies Fukai et al. (1993). The content of ascorbic acid and carotene was rarely
given in the literary notes by researchers. Grau and Rea (1997) report data on ascorbic acid
and carotene content in the roots (13 and 0.08 mg.g! respectively). Valentova and Ulrichova
(2003) found carotene in tubers of 0.02 mg.100 g ™. The content of lipids in tubers significantly
different depending on the variety (191-311 mg.100 g'!) according to Manrique et al. (2005).
Valentova and Ulrichova (2003) reported that most lipids are in leaves (4.20%) less than in
the stems (1.98%) and tubers (0.10-0.30%).

In our experiments, cutting of P. sonchifolia leaves mass was used twice on season to obtain
maximal quantitative of plant raw material. After deleting of shoot leading of experimental
plants on the main stems were grown lateral shoots, that formed new leaves mass. Second
time the yield was collected 1°' October. The comparative analyze conducted with plants
which didn’t cut at all (control). It was found that productivity of plant raw material at the
double cutting was significantly high and was 22 t.ha™, whereas at the cutting once on year
was obtained 12 t.ha™.

Qualitative content of plant raw material was determined by biochemical composition. It was
noticed that content of dry mass accumulated more in all organs of plants that were cut once.
This fact possible to explain, that the experimental plant above-ground organs were younger,
than control. In the leaves of first and second cutting content of dry matter was approximately
14.00%, in the control plants - 18.03 % (Table 1). Evidence, double cutting not stimulates the
accumulation of dry mass in under-ground part of investigated plants because in the end of
vegetation season in rhizomes it was 3% less. Potential yield of content of dry mass of two
cutting were 3.08 t.hal, whereas, after one cutting 2.16 t.hat only.
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Table1  The content of dry matter in plant raw material of Polymnia sonchifolia Poepp. (%)

Part of plant First cutting* Second cutting** Non-cutting plants**
M +m V(%) M+m V(%) M +m V (%)
Leaves 13.88 £0.43 3.08 14.40 £0.30 2.10 18.03 £0.73 4.07
Stems 11.68 £0.67 5.76 14.48 £0.30 2.07
Rhizomes 15.89 £1.17 7.37 19.05 £0.94 494

Notes: M - arithmetic mean; m - standard error of the mean; V (%) - variation coefficient; * Cut date - 3" August; ** Cut
date - 1™ October

Total content of sugars was higher in young organs of shoot, that formed during two months.
In the leave of experimental plants after second cutting was found 2% more sugars than in
control plants (Table 2). In the stems and rhizomes level of total content of sugars increased.
This trend saves in both - plants that were cut twice and plants without cutting. Root system
of experimental and control plants, despite on organs of above-ground mass, had the same
level of total content of sugars.

Table 2  The total content of sugar of plant raw material of Polymnia sonchifolia Poepp. (%)

Part of plant First cutting* Second cutting** Non-cutting plants**
M+m V (%) M £m V (%) M £m V(%)
Leaves 9.34 £0.42 6.37 12.43 +0.51 5.84 10.31 £0.73 10.13
Stems 29.33 £0.29 141 2483 £2.12 12.08
Rhizomes 48.51 £1.24 3.62 48.73 £0.34 0.97

Notes: M - arithmetic mean; m - standard error of the mean; V (%) - variation coefficient; * Cut date - 3th August; ** Cut
date - 1" October

Content of ascorbic acid, the same as total content of sugars, had higher signs in the tissues
of younger organs. The most difference found in plant raw material that collected 3™ August
and in control plants during autumn period - 302.68 and 201.37 mg% respectively (Table 3).
Evidence, that collecting twice can give plant raw material with higher quality. Comparing
under-ground and above-ground organs of plants showed that leaves prevailed by ascorbic
acid content.

Table 3 Content of ascorbic acid in plant raw material of Polymnia sonchifolia Poepp. (mg%)

Part of plant First cutting* Second cutting** Non-cutting plants**
M +m V (%) M +m V (%) Mm V(%)
Leaves 302.68 £3.06 1.43 263.52 £2.70 1.45 201.37 £2.16 1.52
Stems 51.00 +2.54 7.05 44.94 £2.05 6.45
Rhizomes 46.14 +1.87 3.73 32.72 £2.57 11.10

Notes: M - arithmetic mean; m - standard error of the mean; V (%) - variation coefficient; * Cut date - 3t August; ** Cut
date - 1" October
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It is found less content of carotene accumulated in the tissues of plants of P. sonchifolia. It
should be noticed that in autumn period content of that in the leaves significantly decreased
(from 4.01 to 0.62 mg%) if compare with value of 3™ August (Table 4). In young leaves, that
formed during August-September content of carotenoids also was less (0.24 mg%). Evaluation
of plant raw material by this parameter showed that fraction of summer collecting is especially
qualitative.

Table4  Content of carotene in plant raw material of Polymnia sonchifolia Poepp. (mg%)

Part of plant First cutting* Second cutting** Non-cutting plants**
M +m V(%) M tm V(%) M +m V(%)
Leaves 4.01 +0.01 0.45 0.24 £0.02 10.74 0.62 +0.03 7.08
Stems 0.26 £0.02 7.95 0.25 +0.02 10.92
Rhizomes 0.14 +0.01 12.44 0.29 £0.02 7.29

Notes: M - arithmetic mean; m - standard error of the mean; V,% - variation coefficient; * Cut date - 3™ August; ** Cut
date - 1" October

Content of compounds of lipophilic fraction in the leaves of P. sonchifolia also was higher in
plants that were cut twice in season. Quantity of lipids wasn’t significant (1.25-3.60 %), but
the most content was found in the leaves (Table 5).

Table 5 Content of lipids in plant raw material of Polymnia sonchifolia Poepp. (%)

Part of plant First cutting* Second cutting** Non-cutting plants**
M tm V(%) M +m V(%) M tm V(%)
Leaves 3.60 +0.14 3.75 2.63 £0.12 4.69 1.99 £0.02 0.86
Stems 1.68 £0.03 1.85 1.25 £0.02 1.37
Rhizomes 1.63 +£0.03 2.09 1.07 £0.08 7.63

Notes: M - arithmetic mean; m - standard error of the mean; V,% - variation coefficient; * Cut date - 3th August; ** Cut
date - 1" October

Conclusions

Cultivation of P. sonchifolia in conditions of Forest-Steppe of Ukraine for use as plant raw
material for remedy and preventive products can be recommended to mowing it twice on
season: in the beginning of August and in October. Cutting promotes rejuvenation of plants and
stimulates synthesis of biologically active compounds. In this case was observed increasing of
yield, content of dry matter and basic biochemical compounds of plants.
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In the year 2018 has assigned retrieval and selection of genomes from natural populations Elderberry
(Sambucus nigra L.) in Slovakia and Ukraine. As select criterion was used to period of maturation,
measurement and form of fruits, amount and weight of drupes and other marks on habitus. For
assessment of agricultural value these select genomes were qualified fruits and drupes. In the
experiment 20 genomes were qualified. On basis of morphometric analysis in collection was determined
the average weight of fresh infructescences in the interval 4.75-101.90 g. On basis of production
analysis in collection genomes were determined the average weight of drupes in infructescences in
fresh condition in the range of 2.64-93.18 g, the average amount of drupes in infructescences in the
range of 37.2-839.4 pieces. In the research of genomes were assessed significant differences also in the
form of fruits and in the colour of drupes. From the assessment collection of the genomes we selected
some genomes with very positive production characteristics.

Keywords: Sambucus nigra, natural population, morphological characteristic, infructescence, drupe

Uvod

Sambucus nigra L. rastie v Eurépe, zapadnej a strednej Azii a severnej Afrike. U% v davnych
Casoch bola baza ¢ierna obltibena ako Ziva domaca lekaren. Existuju zdznamy z 5. a 4. storocCia
predn.l, kdejebazaopisandako prostriedoknaliecenie mnohych ochoreni, pricom savyuZzivaju
vSetky Casti stromu t. j. kora, Cerstvé a suSené listy, Cerstvé a suSené kvety, Cerstvé a susené
plody a suSené korene (Hejny, 2001). Plody si zaujimavé vysokym obsahom sambuciézy
(8 %), organickych kyselin (jabl¢nd, citréonova, chinova, chlorogénova, askorbova, valérova)
(Grieve, 1931; Hejny, 2001), antokyanovych farbiv (Wu et al., 2004; Jordheim et al., 2007),
vitaminu C (Kaack and Austed, 1998), flavonoidov a inych polyfenolickych zlticenin (Wu et al,,
2004; Thole etal., 2006). Antokyaniny su v bazovych plodoch obsiahnuté viac ako v 1 % suchej
hmotnosti. Boli identifikované Styri zdkladné antokyaniny: cyanidin-3-galaktozid (idaein)
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alebo cyanidin-3,5-diglukozid (Cy-3,5-dG), cyanidin-3-sambubiozid (Cy-3-Sa), cyanidin-3-
sambubiozid-5-glukozid (Cy-3-Sa-5-G), cyanidin-3-glukozid (Cy-3-G) (Sinkova et al., 1995;
Thole et al., 2006; Drabek, 2007). MnoZstvo tychto pigmentov sa pohybuje v rozmedzi 2 az
10 mg.g" ¢erstvych plodov (Bridle and Garcia Viguera, 1996). Polyfenolicky profil ovocnych
Stiav, vratane bazovej Stavy moze byt povazovany za akysi komplex obsahujuci vel’ké mnozstvo
antokyanov (Schwarz et al,, 2001; Sanchez-Moreno et al., 2003; Bermudez-Soto and Tomas-
Barberan, 2004; Proestos et al., 2005), fenolov, flavénov a dal$ich vyznamnych biologicky
aktivnych komponentov (Oszmianski and Lama-Zarawska, 1995; Moszczynski, 1996; Abuja
et al,, 1998; Moszczynski, 1996; Obidowska, 1998; Oszmianski and et al., 1998; Obidowska,
1998; Taran et al., 2017). VSetky tieto chemické zliceniny vysoko koreluju s ich antioxidacnou
kapacitou (Bermudez-Soto and Toméas-Barberan, 2004; Lozova et al., 2017). Vrchotova et al.
(2007) determinovali obsah rutinu a celkového kvercetinu v troch endogénnych druhoch
Sambucus L. (S. nigra L., S. racemosa L., S. ebulus L.) rastucich v strednej Eurépe (Atkinson
and Atkinson, 2002). Cerstvé zrelé plody obsahujt tyrozin (Farcasanu et al., 2006). Bolo
Studované bioaktivne zloZenie (flavonoidy a vitamin C) a stabilita farieb, ako aj antioxida¢na
kapacita citrénového napoja (Citrus limon (L.) Burm. f.) s 5 % koncentrdtom z plodov
Sambucus nigra pocas 56 dni skladovania, kde sa preukazala ochranna tloha antokyaninov
pri stabilite kyseliny askorbovej, pritomny obsah doélezitych fytozlucenin, antioxida¢na
kapacita a stalost farbiv v podmienkach in vitro (Gonzalez-Molina et al., 2012). Je zname, Ze
plody maju tieZ antivirusovt, imunostimula¢nu a antikarcinogénnu aktivitu (Mumcuoglu et al.,
2010). Z uvedeného dovodu su plody Sambucus nigra hospodarsky vyuzivané predovsetkym
v potravinarstve, farmacif a kozmetike. Stavou z plodov sa prifarbujii ¢ervené vina alebo sa z nej
vyrdba bazové vino, pouZivaju sa aj na prifarbovanie sirupov, natierok, na pripravu a farbenie
dZemov, rosolov, marmelad; cukroviniek a vyrobkov mliekarenského priemyslu, cestovin,
pekarenskych a cukrarenskych vyrobkov. Tieto vyrobky su zaroven obohatené o cenné latky,
nachadzajtce sa v jej plodoch (Boérngen, 1990; Drabek et al., 2007). Z uvedeného dévodu sa
v mnohych eurépskych krajinach zac¢ina rozsirovat pestovanie bazy Ciernej aj v monokultire
(Wazbinska and Puczel, 2002) ako aj v krajinotvorbe (Wazbinska, 2000; Grygorieva et al.,
2015). Casto sa vyskytuje ako sti¢ast zahrad a verejnych parkov.

Material a metodika

Biologicky material

Cielom prace sa stal prieskum a vyber genotypov z prirodnych populacii bazy ciernej
(Sambucus nigra L.) s hodnotenim variability ich produkénych znakov stuplodi pre vyuzitie
v agropotravinarstve. Experimentdlne sme zhodnotili 20 genotypov v podmienkach
Slovenska (Sn-S-01, Sn-S-04, Sn-S-05, Sn-S-07, Sn-S-10, Sn-S-11, Sn-S-12, Sn-S-16, Sn-S-19,
Sn-S-21, Sn-S-23, Sn-S-25, Sn-S-26) a Ukrajiny (Sn-U-31, Sn-U-33, Sn-U-34, Sn-U-41, Sn-U-48,
Sn-U-50, Sn-U-51) v roku 2018. Sdiplodia boli zberané zo stromov alebo krov so stopkami;
fotodokumentacia pochadza z exteriéru aj interiéru a ostatné hospodarske znaky sa hodnotili
v laboratériu na Institite ochrany biodiverzity a biologickej bezpecnosti v Nitre. Vzorky
z morfometrickych analyz boli oznacené ako SN (Sambucus nigra) s priradenim cisla
genotypu.
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Morfometricka analyza

Nasledujtce znaky st merané pomocou morfometrickych analyz:

a) celkova hmotnost zrelych suplodi so stopkouv g, n=5 - 15 merané na analytickych
vahach (Kern PLS 360-3, Germany);

b) hmotnost kostkoviciek bez strapiny v g, n =5 - 15 merané na analytickych vahach
(BOSCH SAE 200, Germany);

c) hmotnost strapiny v g, n =5 - 15 merané na analytickych vahach (BOSCH SAE 200,
Germany);

d) priemer késtkoviciek v g, n = 50 merané posuvnym meradlom s presnostou na
0,01 mm;

e) celkovy pocet kostkoviciek a pocet nezrelych kdstkoviciek v jednom suplodi;

f) kompaktnost a jednotnost dozrievania plodov v kazdom genotype;

g) farba strapiny suplodi.

VysledKky a diskusia

Z hospodarskeho hladiska su pri baze ¢iernej najviac vyuzivané suplodia ako zdroj biologicky
aktivnych latok a prirodnych farbiv pre farmaceutické, potravinarske a kozmetické vyuZitie.
Z uvedeného dovodu sme sa orientovali na hodnotenie niektorych znakov rastlinnych casti.

Hmotnost sdplodi (g)

Pri hodnoteni hmotnosti stiplodi sme urcili rozsah daného znaku od 4,75 (Sn-U-31) do
101, 90 g (Sn-U-51) s hodnotami variacnych koeficientov v intervale od 12,88 (Sn-S-01)
az do 68,43 % (Sn-U-50). Dokumentuju nizky aZ vysoky stupeinl variability hodnoteného
znaku medzi jednotlivymi genotypmi, aj v rdmci samotnych genotypov (Tabulka 1).
Genotypy s vysokou hmotnostou sukvetia sa vyznacovali aj vysokou hmotnostou suplodia
(Horc¢inova Sedlackova et al.,, 2018; Brindza et al,, 2007). Takéto genotypy su vhodné pre
potravinarsky, farmaceuticky priemysel a pre lekarske ucely. Uvedeny vysledok dokumentuje,
Ze aj v prirodnych populaciach je mozné vyselektovat genotypy vyznacujice sa suplodim
0 pozadovanej hmotnosti. Wazbinska and Puczel (2002) testovanim Styroch danskych odréd
(Alleso, Korsgr, Sampo a Samyl) a volne rastdcich genotypov z prirodnych populacii Polska
urcili za trojro¢né obdobie Studia priemerni hmotnost stiplodi v rozsahu od 29,9 do 67,4 g,
Porpaczy and Laszlo (1984) detekovali stiplodia s hmotnostou 32,1 az 186,2 g a Kaack (1997)
51 - 112 g. Z porovnania udajov naSich experimentov s uvedenymi autormi sme urcili len
urciti zhodu. Niektor{ autori urcili aj vys$Siu priemerntt hmotnost' stuplodi.

Hmotnost kostkoviciek (g)

V hodnotenej kolekcii volne rasticich genotypov bazy ¢iernej sme urcili priemernu celkovu
hmotnost’ kdstkoviciek v ¢erstvom stave v rozsahu od 2,64 (Sn-U-31) do 93,18 g (Sn-U-51).
Hodnoty variacnych koeficientov pre uvedeny znak sme ur¢ili v rozsahu od 11,13 (Sn-U-
33) do 84,24 % (Sn-U-50). Hodnoty dokumentuju nizky aZ vysoky stupeii vnutrodruhovej
variability daného znaku (Tabul'ka 1). Wazbinska and Puczel (2002) pri meraniach Styroch
danskych odrod a volne rastdcich genotypov z prirodnych populécii Pol'ska urcili hmotnost
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100 kostkoviciek (33 g) prave pri odrodach Sampo a Samyl. Kaack (1989) determinoval
hmotnost pri 100 kdstkovickach kultivarov v intervale od 15 do 31 g, zatial' ¢o Porpaczy
and Laszlo (1984) zaznamenali pri merani tohto znaku znacné kolisanie od 9 do 45 g. Vo
vSeobecnosti plati, Ze hmotnost plodov je vyssia pri Slachtenych odrodach v porovnani s volne
rasticimi formami. V hodnotenej kolekcii sme detekovali genotypy, pri ktorych sme ur¢ili
hmotnost kostkoviciek nad 80 g, co dokumentuje, Ze aj v prirode je mozné vybrat produk¢né
typy bazy ciernej pre praktické vyuzitie.

Tabul'’ka 1 Variabilita hmotnosti suplodi a hmotnosti kdstkoviciek v testovanej kolekcii vybranych
genotypov Sambucus nigra L. z volne rasticich populécif na Slovensku a Ukrajine

Table 1  Variability of infructescences weight and drupes weight in the tested collection of selected
genotypes Sambucus nigra L. from a wild-growing populations in Slovakia and Ukraine

Hmotnost suplodi (g) Hmotnost kdstkoviciek na strapci (g)

n min max X 4 n min max X 4

Genotypy s nizkymi hodnotami znaku

Sn-U-31 5 2,25 8,92 4,75 57,90 | Sn-U-31 5 1,40 4,52 2,64 48,79
Sn-S-19 5 4,63 8,75 7,38 22,95 | Sn-S-19 5 4,08 7,46 598 22,77
Genotypy s vysokymi hodnotami znaku
Sn-s-16 5 63,21 15237 90,26 39,71 | Sn-U-51 5 77,06 124,07 93,18 20,60
Sn-U-51 5 8279 136,54 101,90 21,24 |Sn-S-16 5 6164 137,38 8510 3595

Genotyp so zelenymi plodmi

Sn-U-50 15 0,81 15,19 4,96 68,43 | Sn-U-50 15 0,37 11,84 3,32 84,24

PoznamkKy: n - pocet merani; min, max - minimalna a maximalna namerana hodnota; X - aritmeticky priemer; V - varia¢ny
koeficient (%)

Hmotnost strapiny (g)

Strapina je cast suplodia, ktorda sa v podstate prakticky nevyuziva a pri technologickom
spracovani sa povaZuje za odpad. Pri hodnoten{ hmotnosti strapiny sme urcili rozsah daného
znaku od 1,13 (Sn-U-34) do 6,85 g (Sn-S-10, Sn-S-12). Hodnoty varia¢nych koeficientov
vrozmedzi 5,91 (Sn-S-01) - 82,92 % (Sn-S-23) dokumentuju nizky az vysoky stupeii variability
hodnoteného znaku medzi jednotlivymi genotypmi, ale aj v rdmci samotnych genotypov
(Tabulka 2).

Priemer kostkoviciek (mm)

Pri hodnoteni priemeru 50 kostkoviciek z kazdého genotypu sme urcili rozsah daného
znaku od 4,97 (Sn-S-11) do 6,39 mm (Sn-S-26). Hodnoty variacnych koeficientov
v intervale 5,03 - 14,73 % dokumentuji nizky stupen variability medzi jednotlivymi
genotypmi (Tabulka 2).

V stadii Wazbinska and Puczel (2002) udavaju hodnoty priemerov pri kostkovickach
v rozsahu od 4,92 mm do 6,46 mm pri kultivaroch, zatial' Co pri divorasttcich genotypoch
urcili priemer kdstkoviciek 3,31 mm. Tutin et al. (1976) a Cinovskis (1997) urcili priemer
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kostkoviciek v rozsahu 6 - 8 mm, Kadarova (1986) udava priemer jednotlivych kostkoviciek
v intervale 4,70 - 7,54 mm. Klymenko et al. (2018) urcili priemer kostkoviciek v rozsahu
2,95 - 4,36 mm.

Tieto odliSnosti pri tomto znaku mézu mat suvislost s geografickou polohou, pripadne
klimatickymi, ¢i pddnymi podmienkami.

Tabul'’ka 2 Variabilita hmotnosti strapiny a priemeru kostkoviciek v testovanej kolekcii vybranych
genotypov Sambucus nigra L. z volne rasticich populacii na Slovensku a Ukrajine

Table 2 Variability of stem weight and drupes average in the tested collection of selected genotypes
Sambucus nigra L. from a wild-growing populations in Slovakia and Ukraine

Hmotnost strapiny (g) Priemer kostkoviciek (mm)

n min max X |74 n min max X |4

Genotypy s nizkymi hodnotami znaku
Sn-U-34 5 0,99 1,41 1,13 17,18 | Sn-S-11 50 4,39 5,57 4,97 9,11
Sn-S-19 5 0,55 2,01 1,48 3849 |Sn-S-21 50 3,85 5,28 4,67 9,02
Genotypy s vysokymi hodnotami znaku
Sn-S-10 5 387 13,54 685 5564 |Sn-S-26 50 543 7,20 6,39 6,54
Sn-S-12 5 5,30 10,50 6,85 32,28 | Sn-U-48 50 5,61 7,16 6,23 7,45

Genotyp so zelenymi plodmi

Sn-U-50 15 0,44 3,35 1,64 41,07 | Sn-U-50 50 5,14 6,47 577 5,03

PoznamkKy: n - pocet merani; min, max - minimalna a maximalna namerana hodnota; X - aritmeticky priemer; V - varia¢ny
koeficient (%)

Pocet zrelych a nezrelych kostkoviciek

V suplodiach bazy cCiernej sa tvoria Cervené, neskér tmavomodré aZ cierno-fialové, zriedka
zelenkasté (Atkinson and Atkinson, 2002) gulovité, lesklé kostkovicky s malym embryom
v olejnatom endosperme. Su priblizne 4-8 mm vel'ké (Hejny, 2001), vacSinou s tromi (5)
semenami (Atkinson and Atkinson, 2002), ktoré st 2 - 4 x 2 mm dlhé, vajcovito hrotité,
stlacené, hnedej farby (Bolliger, 1999; Paganova, 2001) a plody obsahuju silne farbiacu cervenu
Stavu. Pri hodnoteni celkového poctu kostkoviciek na strapine sme urcili rozsah daného
znaku od 37,2 bobul’ (Sn-U-31) do 839,4 bobul' (Sn-S-05). Hodnoty varia¢nych koeficientov
pre uvedeny znak sme urcili v rozsahu od 8,52 (Sn-S-04) do 73,08 % (Sn-U-50). Hodnoty
variacnych koeficientov dokumentuju nizky az vysoky stupen variability hodnoteného znaku
(Tabul'ka 3).

Wazbinska and Puczel (2002) urcili priemerny pocet kostkoviciek v siplodi v rozsahu 100-
300, Porpaczy and Laszlo (1984) v rozsahu 207 - 925 a Mratini¢ and Fotiri¢ (2007) v rozsahu
131 - 280. V porovnani s uvedenymi literarnymi tidajmi sme detekovali v populacii volne
rastucich genotypov bazy Ciernej genotyp Sn-S-16, pri ktorom sme urcili pocet kostkoviciek
v rozsahu 569 - 1 203. Dosiahnuté vysledky z hodnotenia kolekcie koreSponduja s udajmi
autorov.
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Tabul'’ka 3 Variabilita celkového poctu kostkoviciek a poctu nezrelych koéstkoviciek v testovanej
kolekcii vybranych genotypov Sambucus nigra L. z volne rasttcich populdcii na Slovensku
a Ukrajine

Table 3 Variability of the total amount of drupes and immature drupes in the tested collection of
selected genotypes Sambucus nigra L. from a wild-growing populations in Slovakia and

Ukraine
Celkovy pocet kostkoviciek Pocet nezrelych kdstkoviciek
n min max X vV n min max X vV

Genotypy s vysokymi hodnotami znaku
Sn-S-25 5 627 1025 781,4 19,35 | Sn-S-10 5 0 444 187,6 86,63
Sn-S-05 5 455 1199 8394 39,44 | Sn-S-07 5 115 424 213,6 57,31

Genotypy s nizkymi hodnotami znaku
Sn-U-31 5 18 60 37,2 46,19
Sn-U-41 5 42 152 69,8 67,16

Genotyp so zelenymi plodmi

Sn-U-50 15 7 157 49,33 73,08

PoznamkKy: n - pocet merani; min, max - minimélna a maximalna namerana hodnota; X - aritmeticky priemer; V - varia¢ny
koeficient (%)

Pri hodnoteni poctu nezrelych kostkoviciek na strapine sme urcili rozsah daného znaku od
0 bobul' do 213,6 bobul' (Sn-S-07). Hodnoty variacnych koeficientov dokumentuju stupen
variability od najniz$ich nulovych hodnét az po vysoky stupeii variability (Tabul'ka 3).
Suplodia v ramci jedného genotypu boli od tplne zrelych az po polozrelé s eSte nazelenalymi
késtkovickami. V podmienkach Ukrajiny sme urcili genotyp (Sn-U-50) so zelenymi plodmi
a svetlo-bordovou strapinou v obdobi plnej zrelosti v porovnani s ostatnymi genotypmi.
Absencia antokyanov v plodoch by mohla byt dosledkom chybnych/chybajticich enzymov,
ktoré tieto farbivd nemohli vytvorit (Obrazok 1). Nerovnomernost dozrievania pri genotypoch
je nevyhodnd. Pre praktické vyuZitie odrod je jednoznacne Ziaduce rovnomerné dozrievanie
plodow.
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Obrazok 1  Detaily genotypu so zelenymi suplodiami v kolekcii Sambucus nigra L. vo volne rastucej
populécii na Ukrajine

Figure 1 Details of genotype with green fruits in the selected collection of Sambucus nigra L. from a wild-
growing population in Ukraine

Sposob dozrievania stplodi

Kompaktnost a rovnomernost dozrievania kostkoviciek na siplodi st vyznamné hospodarske
znaky najmd pri zbere sudplodi a naslednom praktickom vyuziti v potravinarskom,
farmaceutickom, ¢i kozmetickom priemysle.

Pri prevaznej vacsine stuplodi sme urcili tmavobordovi az bordovociernu farbu kostkoviciek
(Obrazok 2). Vynimkou bol genotyp (Sn-U-50) z Ukrajiny so zelenymi kdstkovickami (Obrazok
1). Rovnomernd forma dozrievania kostkoviciek v rdmci jedného strapca bola pozorovana
pri solitéroch rastucich na slne¢nych stanovistiach. Genotypy vo vysSej nadmorskej vyske
dozrievali o niec¢o neskor ako tie v niZSich polohach.
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Obrazok2 Forma dozrievania vybranych genotypov Sambucus nigra L. vo volne rasticej populdcii
na Slovensku a Ukrajine

Figure 2 Form of maturation of selected genotypes Sambucus nigra L. in a wild-growing population
in Slovakia and Ukraine

Farba stopKy stiplodia

V obdobi dozrievania plodov, sa sfarbuju na Cerveno aj stopky, na ktorych st umiestnené.
V hodnotenej kolekcii volne rasttcich genotypov bazy c¢iernej sme urcili niekolko odtietiov
zafarbenia stopky suplodi: svetlo-zelenu, vyrazne zelent, zZltozelend, Zlto-ruzovi, ruzovo-
Cervend, syto bordovt, hnedo-bordovt (Obrazok 3).

Pri odrode Sambo je sukvetie v Case vytvarania plodu visiace, stopky v case zrelosti su
purpurovo-fialové (Hricovsky, 2001). Zda sa, Ze tento znak je Specificky pre jednotlivé
genotypy.
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Obrazok 3 Porovnanie zafarbenia stopky stplodi Sambucus nigra L. vo volne rasticej populacie na
Slovensku a Ukrajine

Figure 3 Comparison of stem coloration of Sambucus nigra L. in a wild-growing population in Slovakia
and Ukraine

Zavery
Na zaklade realizovaného prieskumu a hodnotenia 20 vybranych genotypov z volne rastucich
populdcii bazy Ciernej (Sambucus nigra L.) v podmienkach Slovenska a Ukrajiny sme ur¢ili:

a) priemernt hmotnost stuplodi v rozsahu 4,75 g (Sn-U-31) do 101, 90 g (Sn-U-51);

b) priemernu celkovi hmotnost kostkoviciek v ¢erstvom stave v rozsahu od 2,64 (Sn-
U-31) do 93,18 g (Sn-U-51);

¢) priemernd hmotnost strapiny v ¢erstvom stave v intervale od 1,13 (Sn-U-34) do
6,85 g (Sn-S-10, Sn-S-12);

d) priemer 50 kostkoviciek z kazdého genotypu v rozsahu od 4,97 (Sn-S-11) do
6,39 mm (Sn-S-26);
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e) priemerny pocet kostkoviciek v suplodi v intervale od 37,2 (Sn-U-31) do
839,4 bobul (Sn-S-05);

f) priemerny pocet nezrelych kdstkoviciek pri nerovnomernom dozrievani suplodi
s vysokymi hodnotami znaku az 213,6 (Sn-S-07);

g) rovnomernost dozrievania na vacSine suplodi s vynimkou genotypu z Ukrajiny
(Sn-U-50), ktory mal zaciatkom septembra vsetky kostkovicky zelené so svetlo-
bordovou strapinou;

h) zafarbenia strapiny od svetlo-zelenej azZ po tmavo-bordové sfarbenie;

i) nazaklade vysledkov by bolo moZné vybrat hospodarsky vyznamné genotypy pre
praktické vyuzitie.
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The aim of the work was to investigate the short-term effects of high temperature on the flavonoid
accumulation in Artemisia vulgaris L. and A. dracunculus L ,hairy“ roots. The roots were cultivated for
one, two, and five days at +36 °C, then were grown at +24 °C for up to four weeks. The flavonoid content
(expressed in rutin equivalent, RE) of ethanolic extracts was determined using a AICl, method. “Hairy”
root lines differed in their sensitivity to short-term high-temperature exposure. Both stimulation and
inhibition of flavonoid accumulation, as well as no changes were observed in “hairy” rootlines. Significant
(1.7-6.4 times) decrease in the flavonoid content was observed in lines which characterized by a higher
flavonoid content under standard conditions (+24 °C) without the temperature stress exposure. For
both species, the average or strong negative correlation (R* = 0.37... 0.85) was observed for weight gain
from the time of thermal stress. Thus, A. vulgaris and A. dracunculus “hairy” roots differed in the cellular
metabolism activity. They differed in the ability of flavonoids synthesis and sensitivity to the short-term
high temperature exposure. Such exposure can lead both to activation and inhibition of the synthesis of
biologically active compounds, particularly, flavonoids.

Keywords:  “hairy” roots, Artemisia vulgaris L., Artemisia dracunculus L., high temperature, flavonoid

Bcryn

leHeTnyHa TpaHchopMallis 3 BUKOPHUCTAHHSIM TPYHTOBUX ¢iTONAaTOTeHHHUX 6aKTepik
Agrobacterium rhizogenes, sika € cioco60M OTPUMaHHSA «60POJATHUX» KOPEHIB, MPUBOJAUTH
He TiJIbKM 10 3MiHM FeHOMY POCJIHMH, ajie ¥ 10 3HaYHUX 3MiH Yy QYHKI[IOHYBaHHI KJIITUH
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Ta iX GiocMHTeTH4YHOI aKTUBHOCTI. /loBeJleHO, 110 HAC/JAiKOM NlepeHeceHHs rol reHiB
A. rhizogenes, siki € y T-IHK arpo6axrtepianbaoi niasmiau (Huffman, 1984) Ta aki 3gaTHi
iHTerpyBaTHCs B T€eHOM POCJIMH, € aKTUBAllil BTOPMHHOr0 MeTaboJizamy (Bonhomme, 2000;
Komarovska, 2010). BusiBsieHo, 1110 1ii TeHU CTUMYJIIOIOTh CUHTe3 piToanekcuHiB (Bulgakov,
2011), Bn/IMBalOTh HA CHHTE3 BTOPUHHHUX MeTaboJIiTIB y kjaiTMHax pocyuH(Bulgakov,
2008a), a Takok 3MEHIIYIOTh KiJbKicTh akTUBHUX dopM KucHio (ROS) (Bulgakov, 2008b),
X04ya MeXaHi3M Lboro siBulla Joci HegoctaTHbo 3'acoBaHui (Bulgakov, 2018). Otxe,
TpaHcOpPMyBaHHSI MPUBOAUTHL [0 YUCJAEHHUX 3MiH y QYHKILiIOHYBaHHI KJITHH, i, TaKUM
YUHOM, MO>Ke BIIJIMBATH Ha aJlaNTaIlito 10 Ail cTpecoBuX GaKToOpiB.

PesyabpTaToM fii abioTUYHUX CTPECiB, TAKUX SIK HU3bKa abo BUCOKA TeMIlepaTypa, HecTaya
BOJIOTH, MiZIBUIIIEHUH BMICT CoJIed y TPyHTI, [Zlis yabTpadiosieTOBOro BUIIPOMiHIOBAHHS
€ 3MiHM y mnpolecax 6i0CMHTe3y Ta HAaKONMU4YyBaHHS psjy CIOJYK, L0 € sIK Bignmosiazaio
Ha [il0 CTpecy, TaK i 3aXMCHOI0 PeakKli€l KJITHH, fKa J03BOJIAI0 pPOCAMHAM BUXUTH
3a KpuTHYHUX yMoB (Gupta, 1993). Kpim Toro, ockinbku 3a il cTpecy BimbyBa€eTbcs
HaKoMW4YeHHsI akTUBHUX ¢opM KucHIO (Choudhury, 2017; Mittler, 2015; Ramel, 2012),
POCJIUHU MOXYTb pearyBaTH LLJIAXOM aKTHUBIi3alil CHHTe3y NPUPOJHUX aHTUOKCUJAHTIB,
30kpeMa, ¢uiaBoHoifiB (Bandurska, 2013; Brunetti, 2013). ¥ nporeci BignoBizi Ha aito
cTpeciB 3aAisiHi cnosiykKd 6iJIKOBOI MPUPOAH, Y TOMY YMCII PEryasTOPHI Ta CHUTHaJIbHI
Mouiekysu (Grativol, 2012; Krasensky, 2012; Umezawa, 2004; Walter, 2011; Wang, 2009; Zhu,
2010; Zhu, 2016), a TakoX COJYKH HEGIJIKOBOI IPHUPOJH, 30KpEMA, 3 aHTUOKCUAAHTHUMHU
BaacTuBocTaMU (Ahmad, 2010). BuByeHHs 1IMX MpOLECIB [03BOJISIE OXapaKTepU3yBaTH
MeTaboJIiYHy BiANOBiAb TpaHCHOPMOBAHUX OPraHiaMiB Ha [il0 cTpecoBoro ¢akrtopy,
BU3HAUYUTH MOJIEKY/ISIPHO-610JI0TIYHI acleKTH LbOT0 MPOLeCcy, 30KpeMa, BUSIBUTH I'eHH, AKi
6epyTb y4acTb y pery/oBaHHI afanTauii pocauH Ao Aii cTpecoBux GaKTOpiB, Ta peryJsio
IX aKTUBHOCTI.

«BbopoaaTi» KopeHi pocsiuH, oTpuMaHi micss TpaHcpopmyBaHHs A. rhizogenes, BiApi3HAIOTbCS
He TiJIbKM HasBHICTIO TMepeHeceHUX J0 iX reHoOMy TeHiB, aje ¥ (QYHKIiOHAJIbHUMHU
XapaKTepUCTUKaMU. Tak, BOHM XapaKTEepPU3YIOTbCd BHCOKOK IWIBUJKICTIO pOCTY,
He3aJIeXHICTIO BiJl HAABHOCTI Y cepei0BHUILi PEry/asTOPiB pocTy, cnenupiuyHuM GpeHoTHUIIoM,
110 3yMOBJIEHO aKTHBHICTI0O arpo6akTepianbHux reHiB ([laBsioBa, 2013). Pazom 3 Tum,
HasIBHICTh LMX TEeHIiB TAKOXX MOXKe MNPU3BOAUTH A0 NOSIBH crenudiyHol BijgnoBigi Ha
Jito crpecoBux ¢akrtopiB. ToMy MeToro Ijiei po6OTH 6y/JI0 BU3HAYEHHS OCOGJHUBOCTEN
POCTY KYJIbTYp «60poJilaTUX» KOPeHiB pocauH nosuHy A. vulgaris ta A. dracunculus 3a pii
KOPOTKOTPHUBAJIOTO BUCOKOTEMIIEPAaTYPHOTrO CTPeCY, a TAKOX OLiHKa BIIJINBY TaKHUX YMOB
BUPOILyBaHHS HA HAKONHWYeHHS (JIaBOHOIAIB.

Marepiasim Ta MeTOAU AOCTiAKEHD

«bopoaaTi» kopeHi pocauH A. vulgaris Ta A. dracunculus, orpuMani Hamu padinie ([lpo6orT,
2015; Drobot, 2016.), BUupoIllyBa/y y CTEpUJIbHHUX YMOBAX B yalikax [leTpi Ha >KUBUJIbLHOMY
cepenoBulli Mypacire-Ckyra (Murashige, 1962) 3i 3HWXXeHOIO Y/Bidi KOHLEHTpaLio
MakpocoJiedl. BouiMB miiBUIeHOI TeMnepaTypy AOCHIKyBalu KyJbTHBYBaHHSIM KOpEHIB
npotsarom 1, 2 ta 5 z1i6 3a TemnepaTypu +36 °C Ta NOJaJbIIOTO BUPOIIYBAaHHS (3arajbHa
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TPUBAJIICTb [0 4 TWXKHIB) npu TemiepaTypi +24 °C. KoHTpoJsieM cayryBajid KOpeHi, ski
BUpPOLIYBaJ/IM 3a CTAHJAAPTHUX YMJIB IpU TeMIlepaTypi +24 °C NpoTAroM 4O0TUPbOX TUKHIB.
[IpupicT Macu KOpeHiB BU3Ha4a Iy LIJISIXOM 3Ba)KyBaHHs. KoHueHTpanito ¢paBoHoizis (RE)
BU3Haya/li, BAKOPUCTOBYIOYHM sAKicHy peakuito 3 AlCl, (Pekal, 2014). /lani nepecrasJjieHi
y BUIJIJU CepeJlHbOTO 3HAYeHHsI Ta Jl0Bipyoro iHTepBasia Ha piBHI 3HauuMocTi 95%.
[TopiBHSAHHSA cepeHiX MPOBOU/IN 3a pe3y/ibTaTaMU JIUCIIePCiMHOro aHa i3y Ta TecTa ThloKi
Ha piBHi 3HauuMocTi 95%. /[lna 3'AcyBaHHS B3a€EMO3B'AI3KY MiXK BeJIMUMHAMU MPOBOAUJIN
KopessiiiHo-perpeciiHMil aHaIi3 i BUSHauaaM KoedilieHT geTepMinanii (R?).

Pe3ysbTaTH Ta 06rOBOpPEHHSA

PesysibTaTu JOC/HIPKEHHA CBifj4aTh NpPO HAABHICTH 3arajibHOI TeHJEeHLIl 0 3MeHIlIeHHH
HIBUJKOCTI POCTYy «BOpOJATHX» KOPEHIB JBOX BUAIB MOJIMHY MpH 36iJblIeHHI Yacy
KyJbTUBYBaHHs npu +36 °C. Yci gocaifpkyBaHi 3pasku kopeHiB A. dracunculus (NeNel-3)
O6y/sM YYTJIUBUMH [0 NiJBUILEHOI TeMIlepaTypH, OCKIJIbKM BUPOLLYBAaHHS 3a TaKUX yMOB
npotsaroM 5 Ai6 NpUBOAWJIO [0 3MeHIIEHHs NPUPOCTYy Macd Biamosigxo y 3,1, 2,6 Ta
2,4 pasu y nopiBHaHHI. [ A. vulgaris (NeN21-3) ue 3MeHIieHHs cTtaHoBuWso 1,8, 2,4 Ta
2,3 pa3y, npoTe oA4HOA060Ba TelJoBa 06po6Ka NPUBOAUA [0 MiJBULIEHHS TPUPOCTY MacH
y Jqiinixt Nel ta Ne2 y 1,2 ta 1,9 pasu. [lsig 060X BU/IB criocTepirasacs cepe/iHs ab0 CUJIbHA
HeraTHMBHa Kopessanis (R? = 0.38... 0.85) mpUpoCTy MacH Bijj yacy TeIJI0BOTO CTPeCY.

TpaHcreHHi KopeHi IBOX BU/IiB OJIMHY NMPH iX KyJbTUBYBaHHI 32 CTaHJApTHUX YMOB (+24 °C)
BifipizHa/MCA 3a BMicTOM ¢uiaBoHOoiniB (puc.1a, 6). 30kpeMa, HAUGIJIbIIUM BMiCTOM CIOJIYK
BigpisHammcs kopeni Ne2 A. vulgaris (12,45 mr PE.r'* CM) Ta Ne 3 A. dracunculus (2,93 mr PE.r!
CM). HaiimeH11e ¢p1aBoHOIAiB Hakonu4dyBasiu KopeHi Ne1 ta Ne 2 A. dracunculus - BianoBiJjHO
0,59 Ta 0,62 Mr PEr! CM. BiporifiHO, NIpUYUHOK TAaKUX BiAMIHHOCTEH [Jis1 TPaHCTeHIB
YTBOpPEHUX i3 0JHOr0 6GaThbKIBCHKOI'0 FeHOTHUIY € pi3He Miclie BOYZ0BYBaHHSI IepeHEeCeHUX
TeHiB i, BiinoBigHO, BiAMiHHOCTI ¥ pyHKIIOHYyBaHHI 3MiHEHUX T€HOMIB.

CrocTepiraJsiocsi Tp¥ THIIM peakIiii Ha TEMJIOBUU CTpeC: ToJiepaHTHICTb A. dracunculus Ne2;
CTUMYJIIOBaHHA CUHTe3y (JIaBOHOIAIB BHACAIZOK Tiel 4M iHIIOI TpUBa/sOCTI TEMJIOBOIO
ctpecy A. dracunculus Ne1 ta A. vulgaris Ne 1, Ne3; 3HM>KeHHSI KOHIleHTpanil ¢J1aBoHOIiB
y A. dracunculus Ne3 Ta A. vulgaris Ne2. OcTaHHiA THN peaklii moMidyeHo y JIiHiH, 1110
MaJId BiITHOCHO BHCOKY KOHIleHTpallito $JIaBOHOIAIB 3a cTaHAAPTHUX yMOB. [Ipo JiiHilHY
3aJIeXKHiCcTb KOHLeHTpauii ¢1apoHoiiB y «60poJaTHX» KOPEHSIX MOXHA TOBOPUTH TiJIBKU Y
BUNaakax Ne2 A. vulgaris, iie ciocrepiranach cepeiHs HeraTMBHa Kopenswis (R = 0.64), Ta
Ne1 A. dracunculus, cepeiHsi 103uTHBHA Kopessnis (R = 0.68).

BupoiiyBaHHs NpU MiABUILEHIM TeMmnepaTypi npuBoauso y psAi BapiadnTiB (sinHii Ne 2
A. vulgaris, N3 A. dracunculus) 1o 3MeHIIIeHHs BMicTy ¢pJ1aBOHOI/iB. Y TOH e Yac, TaKi yMOBH
aKTUBI3yBa/lu CUHTe3 QJaBOHOIAIB y kopeHsax Nel A. vulgaris. Tak, BMIiCT JOC/TiA>XKyBaHUX
CIOJIYK Y [UX KOPEeHSX NPU Aii NiABUIIeHOI TeMIIepaTypyu NPOTAroM OJHIEL, BOX Ta 'ATU Ai6
OyB 6UIBIINM, HXK y KOHTpoJ BignoBigHo y 1.9 (p <0.05), 1.1 ta 1.7 (p <0.05) pasu. B iHmux
BUMNAJKaX CTUMY/IOIOYUNA edeKT crocTepiraBcs TiIbKU B pe3ysbTaTi MeBHOI TPUBAJOCTI
Jii pakTopy (p <0.05). Tak, gusa nainii Ne3 A. vulgaris ue 6yna 1 go6a (2.3 pasu), a gasa Nel
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A. dracunculus - 5 n1i6 (2.3 pasu). Tpeba BiAMITUTH c/1a6Ky MO3UTUBHY KOPEJSIil0 BMICTY
¢1aBoHOIAIB Big npupocty Macu Ak aas A. vulgaris (R* = 0,27), Tak i ansa A. dracunculus
(R*=0.21).

-
o

¢nasonouas! (Mr PEr! CM)
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BMmicT ¢saBoHOIAiB y “6opojatux» kopeHsax A. vulgaris (a) Ta A. dracunculus (6) npu ix
BUPOILyBaHHI 32 TeMnepaTypu +36 °C IpoTsAroM ofHiel, ABOX Ta II'ITH J1i6
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OTxe, focaifxyBaHi 3pa3ku «60poJaTUX» KOPEHIB POCJAMH MOJUHY ABOX BUJIB JOCUTHb
BiZIpI3HANMCA 3a 1X YYTJIUBICTIO 40 KOPOTKOTEPMIHOBOI Aii MigBULIeHOI TeMIiepaTypH, 110
BUpaXaJiocs y 3MeHILeHHI IPUPOCTy 6ioMacH Ta y 6iJbIIOCTI BUNIaAKIB BMICTy (JIaBOHOIAIB.
[IpoTe KijnbKiCHI 3Ha4eHHA LUX MNOKAa3HUKIB CUJIBHO PI3HUIWCA SIK MPU BUPOLIYBaHHI
«60poJiaTHUX» KOPEHIB 32 HOPMaJIbHUX YMOB, TaK i XapakTepoM peakliil Ha TeMIepaTypHUN
cTpec.

BHUCHOBKU

OTxe, reHeTU4YHa TpaHcdopMalis 3 BUKOPUCTAHHAM TPyHTOBUX GakTepiil Agrobacterium
rhizogenes Bejie 10 YTBOPEHHSI «OOpOJATUX» KOPEHIB, 1[0 PI3HATbCA 3a AKTUBHICTIO
KJITUHHOTO MeTa6oJsiaMy. Taki po36GiXKHOCTI BUpaXkalTbCsd y pi3HiH 31aTHOCTI KOpeHiB
o cUHTe3y QJABOHOIJIB Ta pi3HId 4YymiuBOCTi TpaHCPOpPMOBAHUX KOpPEHIB J0 [ii

TaK i IpUTHiYeHHs MeTab01i3My.
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In article offered the characteristic of the gene pool of the M.M. Gryshko National Botanical
Garden of NAS of Ukraine. Main sources of introduction of cultivars of Rosa L. are defined.
Information on the beginning, methods and results of introduction is provided. The gene pool
collection of roses, that comprises 27 species, 11 forms and 515 cultivars and has the status
of the National property, is described by morphotypes, garden groups, countries of origin, the
colour of flowers and by the years of breeding. As the result it was defined that the distribution
of cultivars by the garden groups corresponds to the composition of the world collection of
roses, the larger part of the collection is comprised of cultivars of foreign origin, the main part
of the collection is composed by the tea-hybrid roses of pink colour. Main directions of further
researches on introduction and selection of roses are outlined.

Keywords: gene pool, introduction, roses, new direction

Bcryn

TposiHAY € OJiHi€EI0 3 OCHOBHUX KYJBbTYpP JEeKOPAaTUBHOrO CaJ{iBHUILITBA Ta MPOMHUCJIOBOIO
KBiTHHUKapcTBa. Besinke 3Ha4eHHSI BOHU TAaKOXX MawTh AK edpipoostiiiHi pocsiHu. CBiTOBUHI
COPTUMEHT TPOsIHJ HapaxoBye HUHI 6s113bK0 30 000 copTiB.

Kosekuisa tposing HanioHasnbHoro 6oraHidyHoro caay iMeHi M.M. 'puimika HAH Ykpainu
(HBC) moyania crBoproBaTuch y 50-Ti poku XX cT. OcHOBOMW0 i cTaau cajpkaHLi TPOSHL,
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npuabadi y Himeuuyuni y 1946 p. B nojanbiuioMy KoJieKIiisi MONoBHIOBaIAcs 3 60TaHIYHUX
ycraHoB: HikiTcbkoro 6oraHiyHoro cazay (fAara), FosmoBHOro 6GoTaHiyHoro caay PAH
(Mocksa), JlaTtBificbkoro 6otaniuHoro caay (Casnacmisic), a Takok 60oTaHiyHOro cagy AH
[osbii (Bapmaga), gengpomnapky ,CodiiBka“ (YMaHb). 3HauHa KiJIbKiCTh HOBHUX COPTIB
HaX0/IMJ1a 3 CaIOBUX I[eHTPiB Ta BiJ amatopiB (PybmoBa, 2006; MeuikoBa, Py6mosa, 2007;
Tkachuk et al., 2017). Bcboro 6ysi0 Bunpo6yBaHo 6siu3bko 3 000 copTiB, 3HaYHa yacTHHA
SIKUX BUSIBUJIACSl MaJlo JIeKOPAaTUBHHMHK ab0o He MPUCTOCOBAaHUMH 0 yMOB KueBa, Tomy,
1[0 pIiCT i pO3BUTOK TPOSIHJ, Y BIIKDUTOMY I'PYHTI YKpaiHU 3YMOBJIIOETBCS, MEPII 3a BCe,
TeMIIepaTypHUM peXUMOM. Y pe3yabTaTi 6ys0 chopMoBaHO reHOPOHJ TPOSHA, SKUN
HapaxoBye 27 BuaiB, 11 ¢opm i 515 copris.

Amnauniz cTpykTypu cdopmoBaHOro reHopoHAY HEOOXiHUN SIK AJis MiJiBeJleHHS MiJICyMKiB
IHTpOAyKLiMiHOI po60TH, Tak i Ans GopMyBaHHSA IUJIAHIB 3aJlydyaHHs MNepCHeKTUBHUX
iHTpOAYLIEHTIB 3 0COOJIMBO LiKaBUX ab0 caabo MpeCcTaBJIeHUX Y KoJeKIil rpyn. ¥ 3BA3Ky
3 POCTOM KOJIEKIil GOTaHIYHUX Ca/liB HeOOXiJHO MOCTiIHHO OHOBJIIOBATH BiOMOCTI Mpo
KOJIEKIIFHI GOHIU.

MaTepiasiu Ta MeTOAU

O6‘exkToM gocuikeHHs1 Oyna Kosekiiss TposHg HBC, ska HapaxoBye 27 Bugis, 11 dopm
i 515 copriB i Mae cratyc HauioHasbHoro Hagb6aHHs. Llg kosekuis 6yna chopmoBaHa
B pe3y/bTaTi TpUBaJoi iHTpoAYKLiMHOI po6oTu 3a MeToaukow @®.M. PycanoBa (1971).
JlocsipKeHHS CTPYKTYpHY reHOPOH Iy TPOSTH/T TPOBe/ieHOo 3a MeToiuKow B.M. busiosa (1971),
MpH IJIaHyBaHHI iIHTpoAyKLiiHUX po6iT BpaxoByBasu Project of Core Collection of Roses for
Their Preservation (2006).

Pe3ysbTaTH Ta iX 06rOBOpEeHHA

[Ipyu BUBYEHHI BeJIMKOI KiJIbKOCTI POCJIMH OJHOI'0 POAY B KyJIbTYpPi JOBOAUTBCA NPaLl0BaTH
3 HeOJHOpiJHOI Tpynow pocauH. OCOGJMBO 1€ CTOCYETbCS BEJUKUX MOJIMOpPHUX
poxiB, 30kpeMa poay Rosa L. lle yckyagHio€e mnifijBeJleHHS MiZICYMKIiB IHTPOAYKLiHHOrO
eKcrepuMeHTy. ToMy € JOLIJIbBHUM BUJIJIIUTH B MeXaX pojy MeBHI rpynu. [lias pony Rosa
TaKUMU rpynamu € 6ioMmopdoTunu (BUAU Ta COPTH, sIKi BUBEJIEHO 3a iX y4acTio) - AJIs TUX
COPTIB, e YiTKO MO>XHa BCTAHOBUTU HaJIEXKHICTb [0 IEBHOI'O BU/Y, @ TAKOX CaZl0Bi rpynu
3a kJsacuodikanieto American Rose Society (Modern Roses, 12, 2007) a5 BCiX TpOsiHA, TOMY,
1110 y GiJIbIIOCTI COPTIB Y 3B'A3KY i3 CK/IaZJHUM NOXO/P>KEHHAM He MOXKHa BCTAHOBUTH BUJ,0BY
HaJleXkHicTh. Bka3aHi rpynu MoXkHa po3misiiaTy SIK CaMOCTiHHI OJUHULI B IHTPOAYKIIHHOMY
nociaimkenHi. Takull niaxia nae 3mory Kpaille BUBYATU MeXaHi3M MPUCTOCYBaHHS KOXHOI
IpyINH A0 YMOB iHTpOAYKLil.

B pesysnbraTi ckpuHinry kosekii poay Rosa HBC 6yso Bugineno 15 6iomopdoTumis:
1. R rugosa Thunb. Ta coptu: Abelzieds, Agnes, Buffalo Gal, Conrad Ferdinand Meyer,
Delicia, Hansa, Hansaland, Kornik, Liga, Nova Zembla, Paksla, Pink Grootendorst,
Pink Robusta, Purple Roadruner, Red Rugostar, Ritausma, Roibusta, Rose a Parfum
de I'Hay, Rote Dagmar Hastrup, Rotes Phaenomen, Rugelda, Souvenir de Philemon
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Cochet, Souvenir de Trelaze, Therese Bugnet, Tsaritsa Severa, White Grootendorst,
Yellow Dagmar Hastrup, Henry Kelsey, E]. Grootendorst, Martin Frobisher, White
Roadruner, Snow Pavement.

2. R gallica L. Ta coptu: Belle Hermine, Cardinal de Richelier, President de Sez,
Versicolor, Violacea.

3. R alba L. Ta coptu: Felicite Permantier, Maiden‘s Blush, Madam Plantier.

4. R. spinosissima L. ta coptu: Red Nelly, White Scotch, Aicha, Karl Forster,

Fruhlingsduft, Fruhlingsmorgen, Fruhlingsduft, Praire Dawn.

R. beggeriana Schrenk Ta ii copT Polstjarnan.

R. moyesii Hemsl. & E.H. Wilson Ta coptu: Margarita Hilling, Nevada,

R. foetida Herrm Ta coptu: Le Reve, Persian Yellow, Wildenfels Gelb.

R. multiflora Thunb. Ta coptu: Vltava, Wartburg, Velchenblau, Perennial Blue.

O XN

R. centifolia L. Ta coprtu: Alain Blanchard, Village Maid, Chapeau de Napoleon,

Mousseuse Rouge.

10.R. eglanteria L. Ta coptu: Alchemist, Ash Wednesday, Flammentanz, Kakhovka
(Py6uoBa, YmxkaHbkoBa, 2011).

11.Hulthemia persica Michx. ex ].E. Gmel. Ta coptu: Coral Babylon Eyes, Eyes for You,
Eye of Tiger, Persian Autumn, Persian Mystery, Queen Babylon Eyes, Sunshine
Babylon Eyes.

12.R. nitida Willd. Ta copt Darts Defender.

13.R. wichuraiana Crep. Ta coptu: Dorothy Perkins, Excelsa, White Dorothy.

14.Rosa damascena Mill. Ta coptu: Festivalnaja, Iskra, Lada, Raduga, Stanwell
Perpetual.

15.R. helenae Rehder & E.H. Wison Ta copT Lykkefund.

Coptu 3 koJsekuil TpossHg HBC nHanexats fo 16 cagoBux rpyn (Tabauus 1). Bupineni
6ioMmopdoTUNH BXOAATD JI0 ABOX IPyN: Fi6pU/M IHUIIINH Ta CTAPOBUHHI TPOSAH/H.

AHaui3 cTpykTypu reHodOH/Iy 3a CaJIOBUMU rPyNaMu M0Ka3aB, 1[0 HAWYKUCeTbHILIO0 € TpyTa
YalHO-TiIOPUIHUX TPOSIHJ, siKa cKaajae 22,3 % Bciel KoseKlii.

Po3mogin copTiB 3a cafjoBUMM IpynaMH BifOBiJla€E CTPYKTYpi CBITOBOI KOJIEeKI|ii TPOSIH/,
(Py6moBa, 2009) i TaKMM YMHOM JOCJiP)KeHUH TeHODOH/ perpe3eHTY€E CBITOBUM COPTUMET
TPOSIHJ,

KpiM «kJjiacuyHux», a6o TpagulLliiHUX CafoBUX rpyn (YaHWHO-TiGpUAHUX, PJIOPUOYH]IA,
MiHiaTIOPHUX, BUTKUX, 1PabiB, pPEMOHTaHTHUX, 'paH/id10pa, IPYHTONOKPUBHUX), FTeHODOH/
TposiH HEC npejcTaBJisie COPTH JOCUTD PiJiKiCHUX 260 MaJIONOMUPEHUX TPyl CTAPOBUHHI,
KaHa/ICbKi, MyCKyCHi, ebipooJiiiHi TposH U, TI6pUIU IyabTeMIl

B HBC mpeacrtaBsieHa Hal6isbina B YkpaiHi (32 copTH) KOJIEKIlisi CTAPOBUHHUX TPOSIHJ,
CTBOpeHHs JAeAkux 3 HUX jgatyeTbcst XVI cT. ('Versicolor). B kouseknii € mepmui copT
ykpaiHcekoi cenekuii Comtesse de Woronzoff, akuii 6yB BuBeseHuil 1833 p. gpyrum
aupektopoM HikiTcbkoro 6otaniuHoro cagy M.A. TaptBicom (Knumenko Ta iH., 2006,
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2008). CTapoBUHHI TpOAHAM € JyXe I[IHHUM MaTepiajoM [js cejekuii TposHI. 3a
reHEeTUYHUM Pi3HOMAHITTSAM BOHHM HaOJIMXKAThCS 10 BUJIiB IPUPOHOI GpJIOPH i € pe3epBOM
FeHeTUYHOr0 MaTepiany 3 BaXXJIMBHUMM O3HaKaMU. BOHM MOXyTb CIPHUATU BUPIlLIEHHIO
npo6sieMH ,[eHeTUYHOI epo3ii” (3MeHILIeHHs] reHEeTUYHOI reTepPOreHHOCTI Ky/JbTHBOBaHUX
POC/IMH, sIKa BUHMKAE MPU CTBOPEHHI COPTIiB Ha OCHOBI 6JIM3bKUX reHoTHUMiB) (Py610Ba,
YmkaHbKoBa, 2016).

Ta6smmua 1 Posnogin coptis kosekuii Tpossua HEC 3a cagoBuMu rpynamu
Table1  Distribution of cultivars of rose collection of NBG by garden groups

CapoBa rpyna KinbkicTb copTiB %
YaiiHo-ri6puaHi 115 22,3
dnopubyHaa 71 13,7
Mpa6u 61 9,0
BuTtki 57 11,1
li6puau MUNmuH 46 10,1
AHriNiCcBKI 33 6,6
CTapoBuHHI 32 6,4
[PyHTONOKpPHEHI 28 5,6
Kanaacbki 19 4,0
MyckycHi 14 3,0
MiniaTopHi 9 1,9
PeMoHTaHTHI 9 1,9
I'pangidiopa 8 1,7
li6puau rynsremii 7 1,5
JApudT 3 0,6
Edipoouniiini 3 0,6

KaHazcbki TposiHAY, SIK CBiYMTB Ha3Ba rpynu, BuBeJieHi B KaHaji, € y»ke 3UMOCTIHKUMY,
10 JAyKe BaXJHUBO AJi1 YMoB KueBa, Jle GilbIIiCTb TPOSIHJ POCTYTb 3a MeXaMHU CBOIO
ekoJsiorigyHoro ontiMmymy. OkpeMi coptu (Hanpukaa, Hope for Humanity) 3a sekopaTuBHicTIO
He MOCTYMATbCS YalHO-TiOPUHUM TPOSTHIAM.

MycKycHI TpOsSIHAM € CKJaAHUMM riopugamu R. moschata Mill, R. multiflora Thunb.,
R. phoenica Boiss., R. sempervirens L. Ta R. arvensis Huds. Boun MaioTb po3sJori Kyiui
3 Jpi6HUMU KBiTKaMHM, 3i6paHUMHU y BesnyesHi cyuBiTTda. KBiTKM MaroTb cnenudpiyHui
«MYCKYCHUH» apoMar.

Coptu QectuBanbHa, Ickpa, JlaHb penpes3eHTYIOTb rpyny edipoosiiHUX TpPOSHA, SKi
€ MPOMUCJIOBUMHU KYJIbTYpPaMH.
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B ocraHHi poku kosiekiisg TposHa HBC momoBHHUJsacsd copTaMmu, fIKi € ribpuzaMu Mix
TposiHIaMu Ta Hulthemia persica Michx. ex J.F. Gmel. lleil HanpsMmok iHTpoayKIii
MepCIEKTUBHUN TOMY, 110 KOJIeKLil TpOsiHA 3BUYaMHO CKJIAQJAlTbhCd 3 COPTIB, fKi
BigHOCATBCA TinbkK A0 migpoay Rosa L. poay Rosa (Tabauusa 2). Hulthemia persica
€ EJMHUM NpeACTaBHUKOM iHIIOTO Higpoay poay Rosa — Hulthemia (Dumort.) Focke.

Ta6smmusa 2 CucteMaTUYHUN cka reHodoHLy Tposina HEC
Table 2 Systematic content of roses gene pool of NBG

Migpiz KinbkicTs BugiB KinbkicTb copTiB

icHyloui y koexuii HBC y kostexuii HEC

1 (Hulthemia persica

Hulthemia (Dumort.) Focke Michx. ex J.F. Gmel.) 0 7

Hesperrhodos Cockerell 2 0 0
1 (Rosa

Platyrhodon (Hurst) Rehder roxburghii Tratt.) 1 0

Rosa L. 150 27 508

Hulthemia persica Bifpi3HsIETbCA Bif, pelliTH NpeACTaBHUKIB pOAYy NPOCTUMU JIUCTKAMH Ta
TEeMHO-NYPNYPOBOI OCHOBOK OBTUX MeJstoCcToK. [lomupeHna B kpaiHax CepenHboi Asii,
Kazaxcrani, Ipani, Apranicrani, TypeuunHi, Ha 3axo/ii Kurtato. /ly>ke nocyxocTilika pocavHa.

B capmax 3axigHoi EBponu e BUJ BUpoIyeThesi 3 1836 p. [Ipotsirom 150 pokiB cesiekiiioHepu
pi3HUX KpaiH HaMarajJuch cxpecTuTu Hulthemia persica 3 cafoBUMH TPOSIHAAMH 3 METOIO
oiepKaTH ribpuy 3 He3BUYaHUM 3a6apBJIEHHAM Ta TEMHOIO MJISIMOIO B OCHOBI IEJIIOCTOK.
OpHak ribpuu 6yau ofeprxati uine y 90-x pokax XX cT. B AHril, a misHinie - B Hizepsiangax
Ta CIIA.

3Bakaloyd Ha MoOCyxocTidkictb Hulthemia persica, il ri6épuad 3 TpPOSHAAMHU
€ TIEPCIIEKTUBHUMM SIK ITOCYXOCTiHKi pPOCJIMHU 3 OPUTiHAJIbHUM 3a0apBJIEHHSIM.

Rosa roxburghii 6yna inTpogykoBana Hamu y 2011 p. 3 6oTaniunoro cagy AH [osbmi (B 2015
p. y IHTPOYKOBAaHMX POCJUH Blleplie 3adiKCOBAaHO LBITIHHA).

lenHodony Tposug HBC mocTiiiHO NOMOBHIOETBCS CyYacHUMU COPTaMH, SIKi BUBeJeEHI
B OCTaHHE JecATUJITTA. HOBMHKM CBITOBOI cesiekuili penpe3eHTyl0Tb copTu: Music Box,
Princesse Clair, Queen Babylon Eyes, Roseromantic, Sunshine Babylone Eyes, William and
Catherine, Anne de Kiev, Coral Babylon Eyes, Eye of Tiger Ta inu. Po3noain coptiB Tposing 3a
pOKaMU BUBEeJIEHHS MIpe/iCTaB/eHo y TabauLi 3.

3abapBJieHHsS KBITKHM € OJIHi€I0 3 OCHOBHUX JIEKOPAaTUBHHUX O3HAK TPOSAHJ. COPTH TPOSAH/
koJsieklii HBC MaroThb pisHOMaHiTHe 3abapBJsieHHs. HaluucesbHilli poxeBi Ta 4epBOHI
coptu (Tabsuus 4). Take came 3abapBJieHHsI NlepeBaka€ y NpPUPOJAHUX BUJIB. CopTu
3 KBiTKaMH [OMapaH4YeBUX, OY3KOBUX, TEPaKOTOBUX KOJIbOPIB BUBeJeHi BiHOCHO
Hell0/JaBHO, Y JUKOPOCIUX BUAIB Take 3a6apBJIEHHS BiICYTHE.
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Ta6aunsa 3 Posnogis copriB kosekuii TpostH HBC 3a pokamMu BUBeIeHHS
Table3  Distribution of cultivars of rose collection of NBG by years of creation

Poxu BUBeleHHA COPTY KinbkicTb copTiB %
Jlo 1864 p. 33 6,5
1865-1900 12 2,3
1901-1921 17 33
1922-1942 25 4,8
1943-1963 81 15,7
1964-1984 114 22,1
1985-2005 189 36,7
2006-2016 39 7,6
He BU3HaYeHO 5 1,0

Ta6auns 4 Posnogis copriB kosekuii TposiHg HEC 3a 3a6apBJyieHHSM KBITOK

Table4  Distribution of cultivars of rose collection of NBG by coloration of flowers

3a6apBJieHHA KisibkicTb copTiB %

PoxxeBi 155 30,2
YepBoHi 130 25,3
KosTi 107 20,8
Biai 42 8,1
/IBOKOJIipHi 39 7,6
IlomapaHyesBi 25 4,9
By3KoBi 13 2,5
TepakoToBi 3 0,6

HamMu Takox 6yJi0 BCTAHOBJEHO, 10 6ijbllla YaCTHHA KOJIEKLil - COPTU iHO3eMHOTO
MoXo/PKeHHsd. Besimka muToMa Bara copTiB, ski moxonasaTb i3 3axigHoi €Bponu (72 %).

(Ta6sung 5).

Cepen, 3axi/JHO-€EBPONEMCHKHUX COPTIB HaMbisblle THX, 0 BuBeAeHi y Himeuunni (dpipma
W. Kordes’ S6hne) ta y ®panuii (pipma Meilland International). ¥ 2017 p. pipma W. Kordes’
Sohne 3po6usia cyTTeBUM BHecok y reHodoH/ TposiHg HBC - mogapyBasa 20 HOBUX COPTiB

BJIACHOI ceJeKILil.

-273 -



Rubtsova, O., Koval, I., Chizhankova, V., Buidina, T., Sokolova, O.
Agr.bio.div. Impr. Nut., Health Life Qual., 2018, 268-276

Ta6auns 5 Posnogis copriB kosekuii TpossHg HEC 3a kpaiHaMu MOXoI>KeHHS
Table 5  Distribution of cultivars of rose collection of NBG by country of origin

3a6apBJieHHS KinbkicTb copTiB %
HimeyuynHa 128 24,8
dpaHLis 125 24,3
BesimkoGpuTaHis 68 13,2
CIIA 53 10,3
Ykpaina 29 5,6
Hiaepaanau 25 4,9
Kanaga 20 3,9
Ipaanaia 12 2,3
JaHis 10 1,9
Besbris 10 1,9
Pocia 3 0,6
JlaTBia 4 0,8
IIBelinapis 2 0,4
Moabmia 2 0,4
HoBa 3enanaisa 2 0,4
Anonina 2 0,4
OinaHaisn 2 0,4
Yexia 1 0,2
JIrokcemMGypr 1 0,2
KuTai 1 0,2
Icnania 1 0,2
Kasaxcran 1 0,2
IBenisn 1 0,2
Kpaina noxoakeHHs He BU3Ha4YeHa 12 2,6

AHani3z cTpykTypu chopmMoBaHOro TeHO(OHJY TpPOSHZ € OCHOBOIO /Jjs (OpPMyBaHHS
IJIaHIB 3aJlyyaHHs MNEPCIeKTUBHUX IHTPOJYLEHTIB 3 0COGJMBO LiKaBUX abo cs1abo

IpeCTaBJeHUX Yy KOJIeKLII IPpyIL

3 ypaxyBanHsaM Project of Core Collection of Roses for Their Preservation (2006), Hamu
BU3HA4YEHO OCHOBHI HanpsMku ¢opMyBaHHsA KoJeKLii Tposaua HBC, ki MoxyTb 6yTH TaKoX

BUKOpHCTaHi paxiBUAMHU iHIIUX iIHTPOAYKIIHHHUX OCEPEAKIB TPOSH/ B YKpaiHi.

OcHoBHa yBara y ¢opMyBaHHi reHoQoHJy TpPOSHJA MNPUAINAETbCA IHTPOAYKLii Takux

npeJACTaBHUKIB poay Rosa:

1. Buau, ki € LiHHUMU B CUCTEMATUYHOMY BiJJHOILIIEHHi, TOGTO peNnpe3eHTYTh

nigpoay, ski BiacyTHi B kosneknii HBC.
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2. Buau Ta copTH, fKi MawTb iCTOpUYHY ab60 HaliOHaIbHY IiHHICTH (ki Masu
Ba)KJIMBe 3HaUYEHHS B iCTOpIi TPOSIH/I, a TAKOX COPTH YKpaiHCHKOI ceseKIii).

3. Bupu Ta copTy, gKi MalOTh BaXk/JIMBe 3Ha4Y€HHA JJid JIaHAWAaPTHOTO OYAiBHULITBA,
30KpeMa /g onTuMisanii yp6aHizoBaHoro cepejoBuiia. TyT oco6JivBa
yBara NpU/iJs€eTbC TPOSHAAM KaHAJACbKOI Ta aMepUKaHCbKOI cesjekmil (ki
BUTPHUMYIOTb 3HW)KEHHS TeMIepaTypHu 1o -35 - 40 °C).

4. Bupgu i copTy, siki MOXKYTb 6YTH BUKOPHCTaHI B CeJIeKI[iHHUX Mporpamax.

YHikasbHA KoJsieKIis, mo 3i6paHna B HBC, € 6a3010 A/ CTBOPEHHSI HOBUX COPTIB TPOSIH[,
HalG6iJbll NpUCTOCOBAaHUX A0 yMoB KueBa, siki nonoBHIOWOTbL reHodpoHA. B cenekuilinHin
po6OTi BUKOPUCTOBYIOTHCS KJACUYHI METOAM ceJieKIii: BUCIB HACiHHA BiJi BiJIbHOrO
3anuJieHHs, Mi>)KCOPTOBa Ta BiAAaieHa Tibpu/iu3allis, KIOHOBA CeJeKIlisl.

B pesysbTaTi TpuBaJoi cesieKLiiHOI po60TH 6Y/10 OZlep>KaHO 3HAYHY KiJbKICTb Ti6pUAHUX
cigHLiB Ta crmopToBux MyTaHTiB. Ha micte coptiB: Xoptuns (3asgBka N2 05246014),
I'pauifinnii Tanok (3asBka N2 10246001), BpaxkenHsa (3asBka Ne 11246004), AxkBapesb
Poy3 Ilapk (3asBka N2 11246003), Bintax (3asBka Ne 15339002), Kapycenb (3asiBka N
14339001) omep:kaHO aBTOPChbKi cBifonTBa. COpTU TPOSIHJ, CTBOpPEHI ceJieKI[ioHepaMH
HBC, 3a koMIJIeKCOM NTOKAa3HUKIB BiINIOBi/Jal0Th MiXKHAPOJHUM CTaHlapTaM Ta 3aHeCeHi /10
Jlep>XaBHOT'0 peECTpPy COPTIiB POCJIUH, NPUAATHUX JJIF IOLIXPEHHSA B YKpaiHi.

BHUCHOBKU

B pesyabrati TpuBasoi iHTpoAaykuiiiHOI po6oTu B HBEC cdopmMoBaHO 3HAUHUN reHODOH[,
TposiH/ 3 27 BuAiB, 11 ¢opm i 515 coprTis, BiH penpeseHTye 15 6ioMmopdoTunis Ta Bci icHyoui
cazioBi rpynu. B KoJsiekunii npeacraB/ieHO K CTAapOBUHHI, TaK I COPTU Cy4acHOl cesleKIil.
OCHOBHY 4YaCTHHY TeHODOHJY CKJIAJAaTh YaWHO-TIOPHUHI TPOSHJIU POXKEBOI'O KOJIbOPY.
Bisbiia yacTHHA KOJIEKLII — COPTH iIHO3eMHOT0 OXO/>KEHHS, BeJIMKa IUTOMA Bara COpTiB, AKi
noxoAAThk i3 3axifjHoi €EBponu (72 %). [IpeacTaByieHo cTpaTerito nojasabiioro GopMyBaHHS
reHodoHy.
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The aim of the work was to study the general characteristics and significant morphological traits of
pollen grains, as the size, shape of pollen grains in Sambucus nigra L. The studies were performed on
pollen obtained from genotypes cultivated in Ukraine (Kyiv). Morphology of pollen grain was described
for thirteen Sambucus nigra genotypes (SN-1 - SN-13) at the laboratory of Department of Tropical
and Subtropical plants of M.M. Gryshko National Botanical Garden. Pollen grains morphological
traits were evaluated using the scanning and transmission electron microscopy. The measurement of
morphometric parameters was carried out on 70 pollen grains from each genotype using the AxioVision
Rel. 4.8.2.0 program. The measurements were made in micrometer (um). The length of polar axis (P)
and the equatorial diameter (E) of grain, P/E ratio were measured and their variation was compared
among studied genotypes. SEM investigations showed that the pollen grains of Sambucus species
are small to medium-sized, oblat-sphaeroidal-prolat shape, three-colporate and the exine adornments
are of reticulate type without perpendicular thickness. This study showed that there were significant
differences the genotypes in all measured factors. The polar axis and equatorial diameter of pollen grains
values were varied from 22.11 to 29.07 um and from 11.98 um to 17.29 um, respectively. This study
confirmed small differences among the genotypes in all measured factors with variation coefficient in
the range 2.87-6.02%. It was noted that diversity of surface sculpturing of pollen grains in combination
with shape and sizes of them enables to use complex of thin morphologic signs for Sambucus nigra
pollen identifications.

Keywords:  Sambucus nigra, genotype, pollen, SEM, morphology, Ukraine

Introduction

The Caprifoliaceae family, which also includes Sambucus, Viburnum, Lonicera and other species
has been an object of palynological interest for at least 60 years (Erdtman, 1952; Straka, 1952;
Stachurska et al,, 1963, 1970, 1971; Weberling, 1966; Kuprianova and Alyoshina, 1972).
New information about Caprifoliaceae pollen morphology were obtained due to use light
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microscope (LM) and scanning electron microscope (SEM) by authors Béhnke-Giitlein and
Weberling (1981) in Germany, Tank and Donoghue (1985, 2010) in USA, Accorsi et al. (1987)
in Italy, Hu and He (1988) and Di Wei Zhong et al. (1993) in China, Maciejewska (1997) in
Poland, Tarnavschi (1981) and Tamas et al. (1999, 2009) in Romania, Muccifora et al. (2003)
in Italy, Tsymbalyuk and Bezusko (2017) in Ukraine.

The pollen grains have a definite shape, size, colour, structure for each species, genus and
family and these characters are useful for systematic botany (Erdtman, 1952; Ciobanu, 1971;
Brindza and Brovarskyi, 2013; Chlebo and Adamchuk, 2017; Grygorieva et al., 2015, 2017).

The complex of these morphological characteristics and ultrastructure allows determining
the differences (or similarities) between the Sambucus species (Maciejewska, 2003; Brindza
and Brovarskyi, 2013; Tsymbalyuk and Bezusko, 2017).

Using optical microscopy the pollen grain of Caprifoliaceae family, which includes Sambucus
species is 3-colporate, porat, subsphaeroidal or oblatsphaeroidal, isopolar, tricellular
(Charzynska and Lewandowska, 1989; Muccifora et al., 2003; Brindza and Brovarskyi, 2013),
3-tetrasymetric, of small-middle or medium-sized and the exine without perpendicular
thickness (Tamas et al., 2009). Authors Tarnavschi (1981), Maciejewska (1997), Tsymbalyuk
and Bezusko (2017) studied pollen morphology of three species of the genus Sambucus
(S. nigra, S. ebulus and S. racemosa) represented in the flora of Romania, Poland and Ukraine
using light and scanning electron microscopy (SEM). Pollen grains of the studied species are
3-colporate; prolate, spheroidal or oblate-spheroidal in shape; small to medium-sized. Their
outline in equatorial view is elliptical or circular, in polar view 3-lobed or slightly 3-lobed.
Colpi are long, occasionally of medium length, with pointed and sometimes rounded ends.
Pores are indistinct, covered by margins of colpi, or sometimes distinct. Sculpture exine
macroreticulate (S. ebulus) and microreticulate (S. racemosa and S. nigra). Polar view is
subcircular and equatorial view is suboblate - subcircular (PalDat).

The aim of this study was to obtain the images. The knowledge of pollen morphological
characteristics can be an adequate method for identification genotypes of Sambucus nigra.

Materials and methodology

Locating trees and data collection

The pollen of 13 Sambucus nigra genotypes (SN-01 - SN-13) from the collection of M.M.
Gryshko National Botanical Garden of NAS of Ukraine (NBG) was investigated.

Pollen grains collection

Freshly flowers (not opened) were collected randomly from the different genotypes at the
balloon stage (June 2018). Pollen samples released from dry flowers were further dried under
laboratory conditions. The dry pollen was used for a microscopic study of morphological
characteristics. The samples of pollen grains were applied to double-tape, fastened to metal
object tables with 10 mm diameter.
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Scanning electron microscopy (SEM)

The pollen grains were studied at the laboratory of Department of Tropical and Subtropical
plants of NBG using an electron microscope Carl Zeiss LS 15, and the microphotographs
were taken. The comparative morphological studying of the pollen grains was performed
according to the working rules on the SEM JEOL JSM-6390 in the conditions of low
vacuum (P = 60 Pa) with the following zooming: 500 times - during the measurements;
1000-10000 times - while taking the pictures of the exine sculpture features. Using the
regime of low vacuum allows performing the pollen studying without its preliminary chemical
treatment and to receive undistorted data about the research object that makes the process of
the probe preparation easier. Typical exine patterns, shape, size and the dimensions of pollen
grains for each Sambucus nigra genotypes were determined by using a scanning electron
micrograph (SEM).

Morphometric characteristics

The measurement of morphometric parameters was carried out on 70 pollen grains from
each genotype using the AxioVision Rel. 4.8.2.0 program. The measurements were made
in micrometers (um). The characterization of pollen grains was calculated by taking the
following parameters: the polar axis (P - the line connecting the proximal and distal pole),
the equatorial axis (E - the line perpendicular to the polar axis and located in the equatorial
plane).

Statistical analysis

Basic statistical analyses were performed using PAST 2.17; hierarchical cluster analyses of
similarity between genotypes were computed on the basis of the Bray-Curtis similarity index;
multi-dimensional scaling (MDS) analyses were performed in PRIMER (Clarke and Gorley,
2006). Variability of all these parameters was evaluated using descriptive statistics. Level of
variability determined by Stehlikova (1998).

Results and discussion

Study of 13 tested genotypes of Sambucus nigra pollen morphology showed that pollen
grains are from small to medium-sized. In accordance with the ratio P/E (Tab. 1) the pollen
tricolporate, oblate or spherical, sometimes oblate-spheroidal by the shape, in polar view
pollen grain was 3-lobate and in equatorial view - elliptical or circular (Figure 1). Colpi were
long, with more or less equal and clear edges with slightly pointed ends. Membranes of colpi
were smooth. Mainly pores were blurred, covered with margins of colpi. But in very rare cases
pores were distinct. Pollen wall was with tectum. Ectexine consisted of obvious, short and thin
rod-shaped reinforcing elements. They were rarely located. The exsine surface had verrucate
sculpturing with rounded cells by the shape. Sculpture of exine was microreticulate. Cells
were small or medium size, circular, angled or circular-angled by the shape. Sometimes at the
bottom of cells columns are observed. Knowledge from authors Tirnavschi (1981), Donoghue
(1985), Maciejewska (1997), Tsymbalyuk and Bezusko (2017) confirmed our results.
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Figure 1 Pollen grains of Sambucus nigra L. species in different positions (Photo: Gurnenko, 2018)

Table1l  The measured pollen morphological traits of selected genotypes of Sambucus nigra L.

Genotypes min max x V(%) min max x V(%) min max x V(%)
P - Polar axis (um) E - Equatorial axis (um) SI - shape index (P/E)
SN-01 2251 2795 2447 372 1293 16.19 1424 473 174 172 172 127
SN-02 2299 26.00 24.51 287 1258 1621 1439 529 183 160 170 1.84
SN-03 22.58 26.82 24.76 350 12.69 1646 1443 523 178 163 172 149
SN-04 22.30 26.15 2436 351 1261 16.09 1411 6.02 177 163 173 1.72
SN-05 2296 2652 2469 295 1280 16.18 1428 571 179 164 173 194
SN-06 24.07 29.07 26.10 549 1322 17.29 1519 655 182 168 172 1.19
SN-07 2286 2643 2446 354 1248 1632 1411 597 183 162 173 1.69
SN-08 22.74 26.02 2443 3.15 12.60 16.52 1412 492 180 158 173 1.56
SN-09 22.83 26,58 24.69 298 1238 1589 14.09 5.08 184 167 175 1.70
SN-10 22.86 2645 24.58 295 1231 1543 1395 513 186 171 176 1.74
SN-11 2299 26.16 2434 297 1238 15.70 13.88 582 186 1.67 175 196
SN-12 2211 27.07 2441 433 1198 16.01 14.12 518 185 1.69 173 1.20
SN-13 22.24 2636 2459 3.77 1232 1596 14.04 4.65 181 1.65 175 1.23

Note: min - minimum value; max - maximum value; V - variation coefficient (%)
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The polar axis (P), equatorial diameter (E) and polar axis to equatorial diameter (P/E) ratio of
pollen grains of thirteen Sambucus nigra phenotypes were measured using scanning electron
microscopy (SEM), and the results are displayed in Table 1.

An important morphological trait is the size of pollen grains. The length of polar axis (P) varied
from 24.34 (SN-11) to 26.10 (SN-06) pm and the width of the equatorial axis (E) was in the
range from 13.88 (SN-11) to 15.19 (SN-06) um. According to the average values, the genotype
SN-06 has the largest pollen grains 26.00 x 15.19 um. The values of variation coefficient
were in the range from 2.87 (SN-02) to 5.49 (SN-06) % for polar axes and in the range from
4.65 (SN-13) to 6.55 (SN-06) % for equatorial axes.

Shape index (SI) of pollen grain depends on parameters of polar (P) and equatorial (E) axis.
Shape index (the P/E ratio) of tested species varied from 1.70 (SN-02) to 1.76 (SN-10). The
sizes of pollen Sambucus nigra are very similar, the same for P/E ratio (1.70-1.76), whereas
in comparison with authors Muccifora (0.89-1.42) or Tamas (1.88) are our studied genotypes
Sambucus nigra the polar axis being greater (Table 2).

According to literary data, Tamas et al. (2009) and Muccifora et al. (2003) determined small
size type (10-25 um) in general, but our results have shown in one phenotype medium
size type with average polar and equatorial axes with 26.10 and 17.29 pm, respectively.
Tsymbalyuk and Bezusko (2017) analyzed and summarized data on participation of pollen
grains of Sambucus spp. and Sambucus nigra in palynofloras in the plain part of Ukraine.
Authors detected a length of polar axis and equatorial diameter of pollen grains in the interval
from 15.9-21.3 to 13.3-18.6 pum, respectively (Table 2).

Table 2 Literature data on pollen morphological traits in the Sambucus nigra L.

Characteristic Value Autors
16.0-24.8 Maciejewska, 1997
25.0 Muccifora et al., 2003
Polar axis (um)
24.25 Tamas et al., 2009
15.9-21.3 Tsymbalyuk and Bezusko, 2017
16.0-22.0 Maciejewska, 1997
12.5 Muccifora et al., 2003
Equatorial axis (um)
12.85 Tamas et al., 2009
13.3-18.6 Tsymbalyuk and Bezusko, 2017
0.89-1.42 Maciejewska, 1997
SI - shape index
1.88 Tamas et al., 2009

Results of multi-dimensional scaling are shown in Figure 2. In Figure, it is possible to see the
visual distribution the size of the pollen of the studied genotypes. The sample SN-06 (green
ellipse) is with the largest pollen size.

- 281 -



Horcinova Sedlackova, V., Grygorieva, O., Gurnenko, I., Brindza, J.
Agr.bio.div. Impr. Nut., Health Life Qual., 2018, 277-284

1.26 1=
1.24 44
1.22 ¢+
1.20 4+
o 118 4=
o .
3 iy
1.16 -
1.14 4=
112 geee
110 4+
1 1 1 1 1 1 1 1
22 23 24 25 26 27 28 29
A
Figure 2 MDS plot of the similarity illustrating the length of the polar axis (A) and equatorial diameter

(B) of pollen for studying samples of Sambucus nigra L. Sambucus nigra L.
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Figure 3 The dendrogram of Sambucus nigra L. 13 genotypes based on morphometric characteristics of
pollen
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Based on the cluster analysis of all 13 studied pollen characteristics, a dendrogram for the
genotypes of Sambucus nigra was made (Figure 3). On the dendrogram, you can see that the
sample SN-06 is really separated from other samples.

Conclusions

The studying of the Sambucus nigra pollen via scanning electron microscope allowed to
determine the most important parameters which can be used to identify the representatives
of species. The detailed pollen morphological and micro-sculptural characteristics of
13 phenotypes were investigated, described and analysed by using hierarchical cluster
analysis dendrogram and MDS plot. The main parameters such as the form (the pollen grains
elongation, the length and the width ratio) are specific for different Sambucus species. Results
from our analyses showed small differences among Sambucus nigra phenotypes from
Ukraine. Some of these pollen morphological parameters can be used for identification and
comparison with following analyses of Sambucus species phenotypes.
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Pollen apitherapy has value, because its composition is a mixture of valuable nutrients. Among them
there are mineral substances that are the purpose of this study. In this work, macro (K, P, Mg and Ca) and
oligo-mineral elements (Mo, S and Zn) were studied by energy dispersive spectrometry in ash Malus
domestica Borkh. pollen samples from different ecological and geographical areas - Slovakia (Nitra)
and Russia (Moscow). The mass fraction of elements in ashed pollen samples. The main elements in
the composition of pollen are potassium (19.96-24.29) and phosphorus (5.54-6.81). Molybdenum
and calcium are contained in approximately equal amounts (3.79-4.95) mass% in ash. The proportion
of sulfur does not exceed 1.98, zinc 0.57% mass. In pollen samples from Slovakia, the proportion
of potassium and phosphorus is higher by 18%. In pollen samples from Russia, the proportion of
magnesium is higher by 5.8; calcium by 15; sulfur by 28 and zinc by 41%. The decreasing range of the
content of mineral substances in the pollen of the Malus domestica. is determined: K > P > Mg > Mo 2
Ca > S > Zn. The coefficient of variation of elements in the ash of pollen samples from Russia ranges
from 19.6% (Mo) to 29.6% (P), which indicates the relative homogeneity of the data. The average
values of the coefficients of variation of pollen collected in Slovakia were found in the elements
Zn (23.5%), Ca (21%), S (20%) and K (15%). Low values of the coefficients of variation are noted for
the elements Mg (10%), Mo (6.9%) and P (4.5%). Significant differences in the content of elements in
ash are established only for K, Mg and S.The established differences in the coefficients of variation and
correlation between the elements in pollen samples from Slovakia and Russia indicate the influence of
the ecological-geographical conditions for the growth of apple plants. The results confirm that pollen
Malus domestica. can be used as a natural source of minerals.

Keywords: pollen, Malus domestica, micromorphology, ash composition, analytical scanning electron
microscopy
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Introduction

Plant pollen is a male gametophyte that develops in microsporangia from microspore and
performs the function of pollination. Pollen is an important food for the bee colony and other
insects and some animals. Pollen as part of the food chain in the animal world is a natural
concentrate containing about 200 substances. Including mineral acids (triglycerides,
phospholipids), flavonoids, vitamins and up to 1.6% of macro and micronutrients (Echigo et
al.,, 1986; Villanueva et al,, 2001, 2002; Somerville and Nicol, 2002; Almeida-Muradian et al.,
2005; Szczesna, 2007; Yangetal.,, 2013), which are stimulators of biochemical and physiological
processes of the body. And all this wealth is the most optimal ratio for the best assimilation. In
official medicine, it is part of many pharmaceuticals. It is an effective remedy for the treatment
and prevention of the absolute majority of diseases. Pollen is a natural biostimulator for the
body. It has a very beneficial effect on higher nervous activity: the state of general satisfaction
rises; working capacity, initiative, desire to act increases; optimism appears; decreased
fatigue; speed of memorization and assimilation of new information increases. Pollen helps to
produce its own body interferon, it boosts the body‘s immune defense; reduces the likelihood
of disease, increases the elasticity of blood vessels, strengthens the capillaries, improves the
adaptation of the body to weather changes, pressure drops in the atmosphere. With regular use
of pollen, a qualitative improvement in the blood composition is noted, and the hematopoietic
function of the body is activated. Pollen rejuvenates the entire body at the cellular level. The
useful properties of pollen and the validity of its therapeutic use in various pathological
conditions have been discussed in many scientific papers (Eschleman, 1996; Haro et al., 2000;
Roulston and Cane, 2000; Almaraz-Abarca, 2004; Nogueira et al., 2012; Bogdanov, 2014). The
chemical composition of pollen depends on the type of plant, its geographical origin, as well
as other factors - climatic conditions, soil type, etc. The influence of the botanical origin of
plants on the biochemical characteristics of pollen is shown (Chlebo et al., 2017). Comparative
data of the mineral composition of pollen from different ecological-geographical zones little
reflected in the literature.

Therefore, the purpose of this work was a comparative study of the mineral composition of
the ash elements in the Malus domestica Borkh. pollen samples from different ecological-
geographical areas.

Material and methodology

Plant Material

The objects of study were 5 samples of pollen Malus domestica from Nitra (Institute of
Biodiversity Conservation and Biosafety at the Slovak University of Agriculture in Nitra) and
4 samples of pollen from the botanical garden in Moscow (Russia). The pollen was taken
mechanically from the flowers in the “pink bud” state.

Preparing pollen for analysis

Preliminary dried at T = 40-50 °C pollen weighing with the mass of 10 g was mineralized in
the muffle furnace Naberterm (Germany) at T = 400 °C. The received ash was dispergated by
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ultrasound at 18 kHz frequency for 15 minutes. The dispergate even layer was applied on the
object table covered with carbonic scotch.

Elemental Analysis

The ash composition was determined by the method of enodispersive spectrometry (EDS)
based on analytical scanning electron microscope - JEOL JSM 6010 LA. The microscope
resolution is 4 nm at accelerating voltage 20 kV (secondary electrons image), zooming is from
10x to 10 000x. While performing the elemental analysis the working distance (WD) is 10 mm.
Energy-dispersive spectrometer allows to carry out the quantitative X-ray microanalysis with
the desired analyzing area. X-ray microanalysis data are presented in the form of standard
protocols which contain the microstructure picture of the sample under study, the table of the
data in weighting and atomic correlation, spectra and histograms. The spectrum example is
shown in Figure 1.
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forrmula mass%  Atom% Sl%'na K ratio Line
C 64.93 71.39 0.02 K
8] 25.69 21.20 0.05 K
Mg 6.39 5.21 0.11 K
P 5.73 4.31 0.11 K
S 2.20 1.08 0.17 K
K 26.77 14.26 0.01 K
Ca 5.49 2.16 n.11 K
Zn 0.13 0.04 021 K
Figure 1 Report of the results of the EMF analysis: the study area, the spectrogram and the table of

results

Taking into consideration the spectrum lines intensity the concentration of the desired
element can be determined. The fractional accuracy of the chemical analysis is spread in the
following way: at the element concentration from 1 to 5% the accuracy is less than 10%;
from 5 to 10% the accuracy is less than 5%; at the element concentration more than 10% the
accuracy is less than 2%. The local analysis is 3 pm the scanned area is not less than 12 um.
100 ash areas of each sample were studied.
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Statistical analysis

For statistical evaluation were used standard methods using statistical software Statgraphics
Centurion XVII (StatPoint Inc. USA).

Results and discussion
We analyzed potassium, phosphorus, magnesium, calcium, molybdenum, zinc and sulfur.

Macro- and oligo-mineral elements from burned pollen are presented in Table 1.

Table1  The mineral composition of pollen samples of Malus domestica Borkh,, mass.% in the ash

Samples The studied elements

K P Mg Mo Ca S Zn

Pollen Malus domestica, Moscow (Russia)

1 14.27¢ 3.65b 4.01c 3.89b 3.10b 1.41b 0.34b
2 20.57b 6.34a 5.39b 5.37a 5.84a 1.81ab 0.32b
3 17.64c 4.81b 4.51bc 4.45b 3.71b 2.17a 0.31b
4 27.39a 7.37a 6.41a 6.07a 5.11a 2.53a 1.31a
The average 19.96b 5.54ab 5.07b 4.95b 4.44a 1.98a 0.57b

Variation coefficient (%) 27.90a 29.60b 20.80c 19.60c 28.30a 24.30b 28.90c
Pollen Malus domestica, Nitra (Slovakia)
1 29.01a 6.72a 3.95b 3.77a 3.15b 1.33a 0.28b
2 21.48b 6.54a 5.07a 3.41a 3.79b 1.31a 0.49a
3 23.35b 6.78a 4.81a 3.73a 3.15b 1.52a 0.38a
4 27.16a 7.33a 4.98a 4.01a 5.10a 1.08b 0.33a
5 20.44b 6.68a 5.11a 4.07a 3.77b 1.84a 0.48a
The average 24.29b 6.81a 4.78a 3.79a 3.79b 1.42a 0.39a
Variation coefficient (%) 15.10a 4.50b 10.0b 6.90b 21.0ab 20.0a 23.50a

Note: Means in columns followed by different letters are different at p = 0.05. Each value represents the mean of three
independent experiments (+SD)

Potassium occurred at the highest concentrations in all tested pollen samples with average
concentration in the range between 19.96-24.29% in the ash. Followed by phosphorus
(5.54-6.81), magnesium (4.78-5.07), molybdenum (3.79-4.95) and calcium (3.79-4.44)% in
the ash. The oligo-elements determined presented average values ranged between 1.42-1.98%
for sulfur and 0.39-0.57% for zinc. The coefficient of variation of elements in the ash of pollen
samples from Moscow ranges from 19.6% (Mo) to 29.6% (P), which indicates the relative
homogeneity of the data. The average values of the coefficients of variation of pollen collected
in Nitra were found in the elements Zn (23.5%), Ca (21%), S (20%) and K (15%). Low values
of the coefficients of variation are noted for the elements Mg (10%), Mo (6.9%) and P (4.5%).
Significant differences in the content of elements in ash are established only for K, Mg and S.
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Calculated correlation coefficients between elements (Table 2). In pollen samples from Russia
itis established that, there is a high correlation not only between macro-elements, for example,
Kand Mg (r=0.99); Kand P and Kand Mo (r=0.97); Pand Mg and P and Mo (r=0.99); Mg and
Mo (r=0.851) but also between oligo-mineral elements S and Zn (r = 0.75). Weak correlation
found between Ca and S (r = 0.42) and Ca and Zn (r = 0.35). The mean correlation is between
Pand S (r=0.76); P and Zn (r = 0.73); Mg and Ca (r = 0.79); Mg and S (r = 0.78); Mo and Zn
(r=0.77); Sand Zn (0.75).

Table 2 Correlation matrix for the 6 elements in the ash pollen of Malus domestica Borkh in Moscow

(Russia)

Elements P Mg Mo Ca S Zn

K 0.97* 0.99 0.97* 0.72* 0.84 0.87
P 0.98* 0.99* 0.87* 0.76* 0.73
Mg 0.99 0.79 0.78 0.83*
Mo 0.86 0.76* 0.76*
Ca 0.41* 0.34*
S 0.74

Note: *Significant according to the t-test (p <0.05)

Table 3 presents the correlation matrix between the elements in the pollen ash from Slovakia.
High correlation is established by the elements P and Ca (r = 0.79), Mg and Zn (r = 0.78),
P and Mg (r = 0.58), and P and K (r = 0.51). High negative correlations were found for the
elements Kand Zn (r=-0.91), Kand Mg (r=-0.77),Kand S (r=-0.67),and Pand S (r=-0.57).
Low correlations were found between P and Mg (r = 0.11), Mg and Mo (r = 0.10), Ca and
Zn (r=-0.01).

Table 3 Correlation matrix for the 6 elements in the ash pollen of Malus domestica Borkh in Nitra

(Slovakia)

Elements P Mg Mo Ca S Zn

K 0.53* -0.77* 0.15 0.12* -0.67 -0.97
P 0.11 0.58* 0.79 -0.57* -0.53
Mg 0.10* 0.50* 0.21 0.78*
Mo 0.40* 0.27* -0.24*
Ca -0.51 -0.01
S 0.51*

Note: *Significant according to the t-test (p <0.05)

The correlation between elements in pollen samples from Nitra is very different from the
correlation established between elements in pollen samples from Moscow. The established
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differences in the coefficients of variation and correlation between the elements in pollen
samples from Slovakia and Russia indicate the influence of the ecological-geographical
conditions for the growth of apple plants.

The influence of ecological and geographical conditions on the mineral composition of pollen
Malus domestica has been established. In pollen samples from Slovakia, the proportion of
potassium and phosphorus is higher by 18%. In pollen samples from Moscow, the proportion
of magnesium is higher by 5, 8; calcium by 1,5; sulfur by 28 and zinc by 41% respectively.
Differences in the content of elements in pollen ashes may be related to the type of soil and the
various ecological and geographical conditions of Malus domestica growing, this is confirmed
by the study of honey (Felsner et al., 2004). Our results on the content of potassium, calcium
in pollen are similar to the data reported in studies of the pollen of other plant species -
sunflower, eucalyptus (Somerville and Nicol, 2002; Villanueva et al., 2001; Szczesna, 2007).

Modern nutritional research confirmed that minerals and trace elements are the vital
importance to the life activities of the human body. For instance, potassium has function in the
maintenance of water balance and distribution kidney and adrenal function, calcium plays an
important role in building and maintaining the bones and teeth blood clotting, transmitting
of the nerve impulses. Magnesium regulates nerve simulation and muscle contraction. The
participation of zinc and sulfur in many kinds of enzymatic composition might play an
important role in promoting the metabolism of organisms to strengthen immune ability
(Avcin et al,, 1991).

Conclusions

There is very little published data on the mineral composition of pollen from Rosaceae. This
makes comparison with literature data difficult. Our studies have found that in the ash residue
of pollen Malus domestica, regardless of ecological and geographical conditions, dominated
by K and P, then Mg, Mo and Ca, S and Zn in smaller quantities, this indicates that the order
of accumulation of elements in the pollen Malus domestica is determined genetically. The
influence of ecological and geographical conditions on the content of potassium and calcium
in the ash residue of pollen Malus domestica has been established. These results contribute to
the mineral content information of pollens Malus domestica in Russia and Slovakia, and show
that pollen can be considered good source of minerals.
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PHENOLOGICAL GROWTH STAGES OF CHINESE QUINCE
(PSEUDOCYDONIA SINENSIS C.K. SCHNEID.): CODIFICATION
AND DESCRIPTION ACCORDING TO THE BBCH SCALE
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The aim of the study was the determination of the main phenological growth stages less known species
of Chinese quince in the conditions of Slovakia. For the study of the issue, we used 6 individuals produced
in the Arboretum Mlynany (Slovak Republic). The age of them will be estimated approximately 30 years.
Experimental data gained in years 2016-2017 in phenological studies of Chinese quince (Pseudocydonia
sinensis C.K. Schneid.) were utilized to describe phenological growth stages of given species. For
the description of phenological growth stages, it was used BBCH Monograph (1997). Phenological
observations and time data collection were provided at regular intervals in the text form and photo
documentation. Complex phenological growth stages were processed based on the phenological
records. Resulting data will be used for the list of descriptors preparation specified for the given species
and oriented on the practical utilization in the research, breeding and genetic resources investigation.
A feature of the system is that homologous stages of different crops are presented by the same codes.

Keywords: Chinese quince, BBCH-code, growth stage, adaptation

Introduction

Climate change and other adverse global factors in each region also have a significant effect
on the cultivation of plant species to ensure food security and the provision of raw materials
for other increasing needs for the population. It is, therefore, necessary to gradually introduce
and test the adaptation of less-known and less-used plant species for different practical uses
in each region. In Slovak conditions, the Chinese quince is being tested for a longer period of
time. In order to recognize the adaptation of each species, it is necessary to know, inter alia
the phenology of the species. This issue has become the main subject of the presented work.

Pseudocydonia sinensis Schneid. (Chinese quince) belongs to the family Rosaceae Juss., native
to eastern Asia in China, and the only one species from Pseudocydonia C.K.Schneid. genus
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(USDA, 2013). It is closely related to the East Asian genus Chaenomeles Lindl. and to the
European genus Cydonia Mill.

Fruit of the Pseudocydonia sinensis is yellow colored eatable pomes. It has elliptical
(var. ellipsoidea) or ovoid (var. ovoidea) shape. Fruits are very big, the height of fruit
98.06-124.48 mm, the average diameter of fruit 62.33-88.64 mm, the average weight of the
fruit in the range 197.85-466.38 g (Monka et al., 2014).

Fresh fruits of Pseudocydonia sinensis are sour and hard, and because of this used in the
recycling form. From the fruits can be prepared spreads, marmalades, jams, fruit jellies,
candied pulp, sweetened syrups and juices, wine, liqueurs (Monka et al., 2014; Klymenko et
al,, 2017). Fruits of the Chinese quince are used especially in traditional Chinese medicine as
antitussives that central or peripheral suppress a cough. Fruits are used for the treatment of
asthma, cold, sore throat, mastitis and tuberculosis in Korea (NPRI, 1998).

The Belgian botanist Charles Morren (1953) introduced the term phenology for the first
time in 1853, but the history of phenology background is much older. Modern phenology
is the study of the timing of recurring biological events in the animal and plant world, the
causes of their timing with regard to biotic and abiotic forces, and the interrelation among
phases of the same or different species (Lieth, 1974; Meier et al,, 2009). The first known
phenological network was installed by him in Sweden in the middle of the 18" century. In his
work Philosophia Botanica, he outlined methods for compiling annual plant calendars of leaf
opening, flowering, fruiting and leaf fall, together with climatic observations so as to show
how areas differ (Schnelle, 1955). Plant development, and thus phenological phases, show
great inter-annual variability and also large spatial differences. Individual (e.g. genes, age)
and environmental factors (weather and climate conditions in the micro and macro-scale,
soil-conditions, water supply, diseases, competition, etc.) influence plants significantly. They
can be viewed as integrative measurement devices for the environment. The seasonal cycle
of plants, however, is influenced to the greatest extent by temperature, photoperiod and
precipitation (Keatley, 2000; Morellato, 2000).

In order to gain comparable phenological data, it is necessary to define exactly the phases
which are to be observed. The use of the so-called extended BBCH scale (BBCH Monograph,
1997) is recommended, based on Zadok et al. (1974) cereal code is a system for a uniform
coding of phenologically similar growth stages of all mono- and dicotyledonous plant
species. It is a general scale allowing their application to those plants for which no special
scale is available. For the description of the main (longer-lasting) phenological development
stages, called principal growth stages, clear and easily recognized external morphological
characteristics are used. The secondary growth stages define a short step of development.

Bruns and van Vliet (2003) and Meier (2003) develop the relationship to modern agriculture,
they recommend the BBCH system and the traditional meteorology and climatology.

Many researchers used the BBCH-scale for describing the growth stages of different fruit
trees, for instance, Malus domestica Borkh., Pyrus communis L., Prunus cerasus L., Prunus
domestica L., Prunus persica Batsch., Prunus ameriaca L. (Meier, 1994), Citrus spp. (Agusti et
al,, 1995), Punica granatum L. (Melgarejo et al., 1997), Cydonia oblonga Mill. (Martinez-Valero
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et al.,, 2001), Diospyros kaki L. (Garcia-Carbonell et al.,, 2001), Olea europea L. (Sanz-Cortés
et al.,, 2002), Actinidia deliciosa C.F.Liang & A.R.Ferguson (Salinero et al., 2009), Diospyros
virginiana L. (Grygorieva etal., 2010), Mespilus germanica L. (Atay, 2013), Ziziphus jujuba Mill.
(Hernandez et al., 2015).

The objective of this study was to describe the phenological growth stages of Pseudocydonia
sinensis genotypes based on the BBCH scale.

Materials and methods

Locating trees and data collection

In a phenological survey of Pseudocydonia sinensis were studied genotypes grown in
arboretum Mlynany (Figure 1). Measurements and observations were carried out over two
growing seasons (2016-2017), from March to November. Measurements were made two
to three times per week between March and June and once per week from June onwards.
Representative plants were photographed to describe the phenological growth stages. The
phenological growth stages of Pseudocydonia sinensis tree were described and defined
between winter dormancy and leaf fall using the BBCH General scale.

Figure 1 Chinese quince (Pseudocydonia sinensis C.K. Schneid.)

Results and discussion

Pseudocydonia sinensis plants in the conditions of introduction characterized by a full cycle
of seasonal growing which indicates that natural and climatic conditions are favorable for
growing in this region. Plants are bloom and bear fruits. Chinese quince is promising as fruit,
ornamental and medicinal plant and it can be widely grown in the conditions of Slovakia.

For fruit trees, the BBCH-scale uses eight of the 10 principal stages, starting with shoot growth
(stage 0) and ending at the initiation of dormancy (stage 9). Three principal growth stages are
assigned to vegetative growth, describing the bud development (stage 0), leaf development
(stage 1) and shoot growth (stage 3), the latter being shared with flower development (stage
5). Flowering (stage 6), fruit growth (stage 7) and maturity of fruit (stage 8) complete the code.
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Figure 2 Phenological stages of the Chinese quince (Pseudocydonia sinensis C.K. Schneid.) tree
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The secondary stages are also numbered from 0 to 9, is related to ordinal or percentile values
of growth. Hence, value 1 of the principal stage of growth 6 (flowering) represents 10% of
flowers in anthesis and its identification will be 61. Likewise, the value 5 of the principal
stage 7 (fruit development) represents fruit at about 50% of the final size and will be defined,
therefore, as 75. In other cases, values of secondary stages indicate qualitatively different
stages within a given principal phenological stage; thus, within the flowering stage, the
beginning of the anthesis (60) and flowers withered state (67) are identified.

Figure and Table 1 show the different phenological stages as well as the phenological codes
and duration of Pseudocydonia sinensis tree phenology. The pattern of development of
individual buds from selected trees generally matched that of all plants even though flowering
was dependant on the position and orientation of the branches on the tree. There was no
appreciable difference between buds for the duration of the successive phenological stages.
The data in this study strictly refer to average values of monitored branches for every single
experimental tree.

Table 1 Some of the primary and secondary phenological growth stages of Chinese quince
(Pseudocydonia sinensis C.K. Schneid.) genotypes according to BBCH scale

Scale Characteristics

Principal growth stage 0: Bud development

00 Winter bud: the bud is dark brown, completely closed and very small (3-5 mm) in size.

01 Beginning of leaf bud swelling: buds visibly swollen, bud scales elongated, with light coloured
patches.

03 End of leaf bud swelling: bud scales light coloured with some parts densely covered by hairs.

07 Beginning of bud break: first green leaf tips just visible.

09 Green leaf tips about 5 mm above bud scales

Principal growth stage 1: Leaf development

10 Green leaf tips 10 mm above the bud scales; first leaves separating
11 First leaves unfolded (others still unfolding)
15 More leaves unfolded, but not yet at full size
19 First leaves fully expanded
Principal growth stage 3: Shoot development
31 Beginning of shoot growth: axes of developing shoots visible; about 10% of final length
32 Shoots about 20% of final length
35 Shoots about 30% of final length
39 Shoots about 90% of final length

Principal growth stage 5: Inflorescence emergence

51 Inflorescence buds swelling: calyx becomes visible; formed by five closed sepals protecting
flower structure

53 Bud burst: scales begin to separate; beginning of peduncle elongation
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Table 1

Scale Characteristics

Principal growth stage 5: Inflorescence emergence
54 Mouse-ear stage: green leaf tips 10 mm above bud scales; first leaves separating
55 Flowers still closed; sepals begin to separate
56 Flower petals elongating
57 Sepals open; petal tips visible; flowers with pink petals, still closed
59 Calyx opening: Sepals start opening showing the flower bud; apical leaf development

Principal growth stage 6: Flowering
60 First flowers open
61 Beginning of flowering: about 10% of flowers open; anthers become visible; pollination begins
65 Full flowering: at least 50% of flowers open, first petals falling
67 Flowers fading: fecundation takes place; petals, stamens and pistils wither; petals fall
69 End of flowering: all petals fallen
Principal growth stage 7: Fruit development

71 Fruit set: beginning of ovary growth; green ovary surrounded by dying petal crown, petals begin

to fall; beginning of fruit let abscission; fruit fall after flowering
72 Immature fruit: fruit increases in size due to cell division (fruit size up to 20 mm)
73 Second fruit fall
75 Fruit about half of final size
76 Fruit about 60% of final size
77 Fruit about 70% of final size; light green fruit
79 Fruit growth: fruit reaches its final volume

Principal growth stage 8: Maturity of fruit and seed
81 Maturation of the fruit: Change of color from green to light yellow; fruit gives off a pleasant

aroma
87 Fruit ripe for picking; increase in color intensity
Principal growth stage 9: Senescence. Beginning of dormancy

91 Shoot growth completed; terminal bud developed; foliage still fully green
92 Leaves begin to discolour
95 50% of leaves discoloured
97 Leaves fully discoloured
99 Winter rest period

Note: Description of the phenological growth stage of Cydonia oblonga and Mespilus germanica (Martinez-Valero et al.,
2001; Atay, 2013)
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In order to gain comparable phenological data, it is necessary to define exactly the phases
which are to be observed. The use of the so-called extended BBCH scale (Meier, 1997) is
recommended, based on Zadok et al. (1974) cereal code is a system for a uniform coding of
phenologically similar growth stages of all mono- and dicotyledonous plant species.

Martinez-Valero et al. (2001) developed for the Cydonia oblonga and Atay (2013) for the
Mespilus germanica description of phenological growth stages using the BBCH system and we
have used it in the study of Pseudocydonia sinensis.

Conclusions

Chinese quince (Pseudocydonia sinensis) phenological development is described here for the
first time using the BBCH scale. The use of extended BBCH scale for Pseudocydonia sinensis
is important for successful implementation of orchard management practices including
disease and pest control, a survey of genetic resources and further research purposes. The
fruit species is potentially useful as a source of fruit for practical using in the food industry
for the preparing of many products. Their biochemical composition provides great prospects
for use as a raw material for therapeutic and pharmaceutical purposes, the development
of biopesticides and cosmetic products. Trees can also be used in the landscaping and thus
improve the environment. Therefore, this species is the perspective type for the practical use
in Slovakia as well.
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