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Background. Aquatic ecosystems are subjected to significant stress loads and depletion due to the
influx of pollutants of inorganic and organic origin, that pose a serious threat to human health. The
United Nations Environment Program has defined phytoremediation as an effective eco-technology for
the removal, detoxification and immobilization of pollutants using plants. Water ferns of the Salviniaceae
family belong to promising phytoremediants. They are characterized by high growth rates, resistance to
adverse environmental factors, capable of adsorbing pollutants, including heavy metals. Species of the
genus Salvinia and Azolla are used to assess the ecological state of water and study ecotoxicological
effects of pollutants.

Aim. Analysis and generalization of the latest scientific results on the use of species of the Salviniaceae
family for phytoremediation and phytoindication of contaminated water.

Results. In this review, we have highlighted key information on emerging phytotechnologies,
including phytodegradation, phytostabilization,rhizofiltration,rhizodegradation,and phytovolatization.
The growth and distribution features of species of the genus Salvinia and Azolla were described and
current information on the use of water ferns for cleaning polluted water from heavy metals, inorganic
and organic pollutants was presented. Data on the physiological and molecular mechanisms of the genus
Salvinia and Azolla species adaptation to the toxic effect of pollutants of various origins were discussed.
We focused special attention on the use of water ferns of the Salviniaceae family to control water
pollution.

Key words: Salviniaceae, aquatic ecosystems, phytoremediation, bioindication, organic and inor-
ganic pollutants.

Anthropogenicimpact, intensiveindustrial
production and unbalanced environmental
policy have led to serious environmental
pollution. Waters are particularly adversely
affected, as large, industrially developed
regions are located on the banks of reservoirs
and rivers. At the same time, within cities,
even small closed reservoirs are subject to
pollution, as they are sewage reservoirs for
natural precipitation and absorbers of vehicle
exhaust gases.

The United Nations Environment Program
has defined phytoremediation as an effective
eco-technology that involves the use of

plants to remove, detoxify and immobilize
environmental pollutants [1]. To diagnose the
degree of anthropogenic pollution of water
ecosystems, the method of phytoindication
is used, which suggests detection of the
dependence between the state of waters and the
biological indicators of both individual plants
and plant groups, including phytocenoses.
Today, the achievements, tasks and prospects
of phytoremediation and phytoindication
are actively discussed by scientists of many
countries of the world [2—-5].

Vascular cryptogamous plants are one of
the most ancient higher plants that appeared
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on the planet more than 300 million years
ago. The most widespread among them
are representatives of the Polypodiophyta
division, which grow in all climatic zones, are
distinguished by a significant diversity of life
forms, have a wide range of adaptive features,
whichallowsthemtoexistinanyenvironmental
conditions [6]. Since these plants have a high
potential in the accumulation of pollutants
and water detoxification, significant stress
tolerance and a high rate of biomass formation
[7], they deserve attention as promising
biological objects for the development of the
latest biotechnologies for phytoremediation
and phytoindication.

In our review, we focused on water ferns
of the Salviniaceae family, analyzed and
summarized the latest information on the use
of these plants for cleaning and biotesting of
polluted waters, discussed the mechanisms of
resistance to the action of pollutants.

Phytoremediation:
eco-technology of cleaning using plants

Phytoremediation is an ecological method
of purification of a contaminated environment
with the participation of plants, the
mechanism of which involves the absorbtion
of pollutants by plants, the accumulation them
in tissues, decomposition and transformations
into harmless forms [1, 4, 5, 8, 9]. The
use of plants for wastewater treatment
began about 300 years ago [10]. Today, an
effective accumulators of the inorganic and
organic pollutants from reservoirs have been
recognized the species of water macrophytes
from families Ranunculaceae, Lemnaceae,
Cyperaceae, Salviniaceae, Haloragaceae,
Hydrocharitaceae, Potamogetonaceae, Typha-
ceae, Najadaceae, Pontederiaceae and Jun-
caceae [3].

Phytoremediationtechnologyisasuccessful
tool for reducing contamination of the aquatic
environment. The initial stage is screening of
plants able to store the heavy metals and other
pollutants. For phytoremediation, the fast-
growing species, that are easy to collect and
handle, are selected [11]. The ontogenetic,
physiological and biochemical traits as well as
photosynthetic activity should be taken into
account. The success of phytoremediation also
depends on the intensity of pollution [12].

Different phytotechnologies are used to
purify contaminated ecosystems, including
phytodegradation, phytostabilization, rhizo-
filtration, rhizodegradation and phyto-
volatization [3]. The reduction of the

content of pollutants in the soil occurs due
to their uptake and binding by plant root
system. In the process of immobilization,
the roots accumulate, adsorb and precipitate
pollutants, which is important for the removal
of organic and inorganic contaminants
from the soil, sludge and silt media [13-
15]. During phytoextraction, pollutants are
absorbed and hyperacumulated in different
parts of the plant [16]. Absorption from
soil, groundwater, residues and sludge with
subsequent evaporation of pollutants into the
atmosphere occurs during phytovolatilization
[17]. Plants metabolize contaminants by
means of compounds formed in their tissues
[18, 19]. Rhizofiltration includes adsorption
and precipitation of pollution into the
substrate surrounding the root area [20].
Plants secrete various organic compounds that
attract microbial communities present in the
soil, which contributes to the decomposition
of pollutants. This technology is called
biosorption [21] and is used to remove heavy
metals (HM) from wastewater [2, 22].

HM, such as cadmium (CD), lead (PDb),
chromium (Cr), copper (Cu), zinc (Zn), nickel
(Ni), vanadium (V) as well as metalloid
selenium (SE) are the most common pollutants
of aquatic ecosystems. When exceeding the
threshold concentration, they become toxic
to plants, induce the formation of active
forms of oxygen, inhibit photosynthesis and
respiration, can cause plant death [23].

Hydrophyte ferns of the Salviniaceae
family in phytoremediation
of contaminated waters

Hydrophyte ferns, in particular
representatives of the Salviniaceae family,
which includes two genera Salvinia and
Azolla [24], belong to promising plant species
for water purification. Water ferns of the
genus Salvinia, which includes 12 species
[24], are characterized by high growth
rates, adaptability and tolerance to adverse
environmental factors, they are able to adsorb
pollutants.

Salvinia natans (L.) All. is an annual
hydrophyte fern widespread in Ukraine with a
summer-green phenoritmotype [25]. It grows
on the border of air and water environments,
is characterized by a different structure of
floating and submerged in the water layer
photosynthetic organs — fronds. Submerged
fronds are morphologically similar to roots
(Fig. 1). The species occurs sporadically within
its range in the temperate climate zone. It is
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Fig. 1. A — Salvinia natans in wild nature on the
surface of the pond (Mizhrichynskyi Regional
Landscape Park); B — the single submerged frond
of Salvinia natans and stem apical bud with the
young floating fronds

widespread in mesoeutrophic and eutrophic
freshwater closed or low-flow reservoirs and
irrigation canals with a silty-sandy bottom.

In Ukraine, it occurs in the reservoirs of the
Dnipro, Desna, Siversky Donets, Southern Bug,
Dniester, Danube, Uzh, Latoritsa, Borzhava
valleys, as well as in the ponds of the Forest
Steppe and Steppe (Fig. 2) [26]. Due to the
softening of the climate, the range of the fern
has recently expanded. Significant populations
of S. natans were reported in northern Europe
in the Vistula River Delta [27].

The life cycle of Salvinia is represented
by two independent generations: an asexual
sporophyte and a sexual gametophyte. An
adult Salvinia sporophyte is characterized
by a clonal structure, formed during the
formation of new modules that develop
radially around the central (oldest) part of the
plant. The complexity of the clone structure
is determined by its age. The older the clone,
the more complex its structure. The growth of
clone modules proceeds similarly to the growth
of side branches in other higher plants [28].

Modern climatic conditions have led to
an extension of the growth period of the
sporophyte, resulting in an increase in the
number of vegetative generations from
five or more, instead of two or three, which
contributes to the spread of this fern and its
occupation of new territories [29].

We have investigated the microstructure
of the surface and the cell ultrastructure
of floating and submerged fronds [30, 31],
determined biometric indicators [28] and
phytohormonal balance in the organs of the
S. natans sporophyte at different stages of
ontogenesis [6], analyzed the features of the
photosynthetic apparatus functioning [32].
According to our observations, the species
settled naturally and successfully develops

on the surface of closed reservoirs on the left
bank of the Dnieper within the city of Kyiv.
These reservoirs are largely eutrified and have
been subject to long-term lead pollution due to
emissions of exhaust gases from automobile
transport and waste of the now defunct Radykal
enterprise — one of the most problematic in
terms of environmental impact of industrial
facilities within Kyiv. Significant pollution
does not prevent the water fern S. natans from
successful growth and reproduction, covering
large surface areas (up to 20%, according to
our estimates). Since the increase in biomass
of S. natans is extremely fast, it is possible
to periodically collect it and take it away for
further burial in landfills, thus contributing
to the gradual purification of these waters. In
addition, S. natans can be easily spread into
uninhabited waters by the transfer of green,
free-floating sporophytes that proliferate
rapidly.

It was reported previously that many
species of terrestrial ferns are able to tolerate
such concentrations of heavy metals that are
toxic to other plants [33] and, accordingly,
about the possibility of effective soil
restoration using these plants. At the same
time, a significant amount of pollutants
adsorbed from the soil accumulated in plant
tissues. Plant species considered to be weeds,
including aquatic weeds, also show a high
ability to hyperaccumulate some pollutants,
such as herbicides, metalloids, and synthetic
dyes [34, 35]. Macrophytes, particularly the
free-floating ferns of the genus Salvinia, are
well known for their physiological properties
that allow them to minimize the cellular
toxicity of hazardous chemicals when these
pollutants hyperaccumulate [36, 37]. Along
with macrophytes Eicchornia spp., Pistia
stratiotes, Lemna spp. representatives of the
genus Salvinia have the highest potential
for  hyperaccumulation of  pollutants,
and, therefore, for phytoremediation of
contaminated waters[38]. S. natanscanbe used
as an effective agent for phytoremediation of
polluted waters.

Thus, the expediency of using S. natans for
phytoremediation of wastewater contaminated
with chromium and zinc salts was shown
[39]. Also, S. natans was successfully used
in experimental work on the purification of
untreated complexly contaminated wastewater
containing, in addition to other pollutants,
dissolved ammonia in the form of NH," ions
and NO, nitrites [40]. S. natans neutralizes
significant concentrations of auxin herbicides,
in particular 2,4-D in culture medium [41],
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Fig. 2. Map of distribution of the macrophyte Salvinia natans in Ukraine [26]

actively binds complex aluminum compounds
[42] and nitrogen-containing dyes dissolved
in water [43]. This species of free-floating
fern is characterized by high efficiency of the
antioxidant system and osmotic stability of
cells, which minimizes intracellular damage
from herbicides [44]. In addition, it was
reported that exogenous priming of S. natans
with a solution of 500 pM 2,4-D for eight
hours improves the tolerance of vegetative
sporophytes to the impact of sodium (Na)
and metalloid arsenic (As) [35]. In this study,
primed sporophytes accumulated dissolved
pollutants more actively than control ones.

Although S. natans is currently not used
for mass industrial purification of wastewater
and polluted waters, a set of experimental data
convincingly proves that this free-floating
macrophyte can be successfully used for
phytoremediation (Table 1). First of all, due to
their high tolerance to general water pollution
and the ability to accumulate pollutants
in significant concentrations, S. natans
sporophytes effectively reduce the level of
heavy metals and metalloids in contaminated
water.

Salvinia molesta D.S. Mitchell also
known as giant Salvinia is one of the most
common aquatic weeds with a mnatural

8

habitat in Brazil, from where it has spread
to many tropical and subtropical regions
of Africa, Asia, North and South America,
Oceania, Australia, India, Indonesia since
the beginning of the last century [45-4T].
Colonies of S. molesta are formed from a
tangled network about 100 free-floating
plants. Each plant is 2.5 to 4.0 cm long, has
two floating fronds, a submerged “root-like”
frond and internodes. Floating fronds are
bilobed, oval in shape with short petioles 1-5
mm long, the abaxial and adaxial surfaces are
covered with trichomes. Immerged fronds
up to 24 cm long, with short or long petioles,
0.2-1cmlong. Three stagesin the ontogeny of
S. molesta are distinguished: the first, when
the plants have small floating fronds, which
lie on the surface of the water; the second,
when groups of plants with shuttle-shaped
fronds are formed, and the third, when plants
have vertically stacked fronds and form
dense mats [48, 49]. S. molesta is found in
slow-moving waters, including lakes, ponds,
ditches, streams, rivers, and marshes. Under
favorable conditions, mass groups of ferns
form dense carpets up to 1 m thick, which
double in size in 2-3 days [50]. Spores of
S. molesta are sterile and non-viable. This fern
is pentaploid, the number of chromosomes is
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Table 1. Summarized information on the phytoremediation of contaminated reservoirs

by the aquatic ferns of the genus Salvinia

Salvinia spp. Indicator of contamination Indicator of phytoremediation Source
. Zn — 84.8% ; Cu — 73.8%;
Salvinia natans 15 mg/L Ni— 56.8%: Cr — 41.4% [91]
Cd — 80 mg/L; Cd — 23550 ng/g DW
Salvinia natans Pb — 50 mg/L; Pb — 9570 ng/g DW [92]
Ni — 20 mg/L Ni — 42363 ng/g DW
Zn —1.00 mg/L Zn — 0.4046 mg/mz
. . Ni — 0.40 mg/L Ni — 0.0595 mg/m
Salvinia minima Cd — 0.03 mg/L Cd — 0.0045 mg/m> [71]
Pb — 1.00 mg/L Pb — 0.1423 mg/m?
.. . 0, 20, 40, 80,
Salvinia minima 160 M NiCl, 16.3 mg/g [76]
o0 Pb — 34 mg/g
Salvinia minima PXS%?& _2(2)03?1111\/[1\/[ As — 0.5 mg/g DW [78]
. . Cr (VI) in the form K,Cr,0, 302.61 mg/g DW
Salvinia minima 1and 2 mg/LL 451.39 mg/g DW [79]
Cd (II) — 4 mg/L Cd (II) — 82.59%,
Salvinia minima Pb (IT) — 3 mg/L Pb (II) — 97.44%, [73]
Cr (VI) — 4 mg/L Cr (VI) — 80.31%
Salvinia minima Wastewater Nl:(’)034—_6§79.:;{?)/0 [80]
.. . CuSO,4 and Cu— 6.96 mg/g DW
Salvinia minima 7ZnS0, — 80 pM/L 7n 19.6 mg/g DW [93]
Wastewater
Pb*, Zn?*, Ni?" Pb?", Zn?" and Ni**
Salvinia minima 10 mg/L; 98.56, 95.69 and 92.99% ; [77]
Dyes methylene blue (MB), CV, MB and BB
crystal violet (CV), Bismarck brown 99.4,99.1 and 96.5 5
(BB) — 10 mg/L
Pb — 96.96%; Ni — 97.01%;
J— o/« _ 0/
Salvinia molesta Waste of coal mines 1?/[1111 _%%7272& ’; %}; B gi?i% ” [94]
Cr — 92.85%; Cd — 80.99%
Cu — 2.035 mg/L
. Cu — 1.092 mg/L; Cr— 2.201 mg/L; Cr — 1.05mg/L
Salvinia molesta | pi° 9 974 mg/L; Cd — 0.251 mg/L Pb— 1.924 mg/L [95]
Cd — 0.018 mg/L
Cu — 0,01 ppm Cu-20%
. Fe — 0,775 ppm Fe —4,5%
Salvinia molesta Ni — 0,009 ppm Ni— 50% [56]
Zn — 0,135 ppm Zn — 10,3%
Salvinia molesta Aqueous solutions of mercury chloride Pb — 85% [57]
and lead chloride — 25, 50, 75,100 mg/L Hg — 74%
. Wastewater .
Salvinia molesta N12+, Cr3+, Cd2+, Pb2+,10 ng/L Ni, Cr, Cd, Pb — 85-90% [568]
Salvinia molesta Industrial wastewater Na — 30% [59]
Salvinia molesta Textile wastewater BOD and COD — 99%,, [60]
Turbidity — 97.7 %
[0)
Salvinia molesta Household wastewate phosphates — 97.7% o [61]
ammonia nitrogen — 99 %
nitrates — 90.6%
R Cu
Salvinia biloba 5 pg/mL 11861 png/L [65]
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Table 1. End
Salvinia spp. Indicator of contamination Indicator of phytoremediation Source

Salvinia biloba River water Pb — 86.7% [37]
Pb — 30,57 mg/L :
Pb2+ Pb2+
R 4.8 mg/L 97.7%

Salvinia biloba 9.1 mg/L 96.6% [66]
19.6 mg/L 91.6%

Floating fronds — 23 mg/g DW

Salvinia biloba Contaminated water 100 uM Cd Submerged fronds — 12 mg/g DW [96]
Cu and Pb >96%,
Contaminated water Cd, Cu, Pband| Cd — 79% and 56% under 50 and
Salvinia biloba Zn 100 uM, [69]
50 and 100 pM Zn — 77 and 70% under 50 and
100 pM
Salvinia biloba Pb*T 5-10% [67]
5.9, 8.2 and 22 ppm 0
Lo Hg
Salvinia biloba 0.05,0.1 and 0.2 ng/mL 277.9ug/g [68]
Salvinia cucullata | NH,"—0.5,1,5,10and 15mM | Lpecontentof nitrogen increased, | g,

potassium absorption decreased

Salvinia cucullata Wastewater

BOD — 43.02% , COD — 31.04%,
nitrates — 20.00% , ammonium — [82]
5.26% , total phosphorus — 81.25%

Salvinia rotundifolia
ppm

Industrial wastewater Pb(II) 0.651 | 50 g of fresh biomass removed 85-

95% Pb(II) from 1.5 1 of wastewater [89]

. . River water
Salvinia auriculata

Ti, Fe, Mn, Cu, Zn, Sr

Ti — 3303, Fe — 4344,
Mn — 2882, Cu — 1366,
Zn — 34, Sr — 66 uL/nug

[88]

Salvinia auriculata | Artificial reservoirs Hg — 0.2 ng/L| Submerged fronds — 88-265 ng/g [87]

Floating fronds — 85—246 ng/g DW

DW
Submerged fronds —
L . Water solutions Pb > Cd > Cr,
Salvinia herzogii Cr, Cd, Pb Floating fronds — [84]
Cd>Pb>Cr
%ir"grlwitﬁ? Zn — 35-42%,
Salvinia herzogii F= o8/ Ni — 47-52%, [85]
Ni <3 g/L; Cr — 99-100
Zn < 25g/L

45, which makes it genetically incapable of
sexual reproduction and the completion of
meiosis. Asexual vegetative reproduction at a
fast paceis ensured by rhizome fragmentation
and bud growth [49, 51]. Morphological and
molecular studies have shown that S. molesta
often mutates, which allows this species to
quickly adapt to new environments [562]. The
success of the growth of S. molesta depends on
the temperature, illumination, pH, electrical
conductivity, salinity and availability of
nutrients in the aquatic environment [53].
S. molesta biomass is used for ethanol
production. Monosaccharides from fern
hydrolyzate were obtained by thermal
acid hydrolysis, ultrasonic treatment, and
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enzymatic saccharification [54]. It has been
established that S. molesta can absorb a
significant amount of nutrients, in particular
up to 8 mg of nitrogen per g of dry biomass
per day [55].

Floating and submerged fronds of
S. molesta accumulate and remove pollutants,
including lead, copper, mercury, arsenic, zinc,
and cadmium, from industrial and municipal
wastewater [56, 57]. Fern removes up to 85%
of lead and 74% of mercury within ten days
[67]. S. molesta effectively purifies wastewater
from phenolic compounds and dyes [58],
sodium compounds [59] and [60]. In domestic
wastewater, S. molesta plants reduced
turbidity, phosphate, ammonia nitrogen,
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and nitrate content by 97.7, 99.7, 99%, and
90.6% , respectively. Plants with greater
biomass were more effective in removing
excess nutrients [61]. S. molesta counteracts
the harmful effects of HM due to the high
activity of antioxidant defense enzymes:
superoxide dismutase, catalase, peroxidase
and ascorbate peroxidase. In floating fronds,
enzyme activity was higher and less arsenic
accumulated than in submerged ones [62]. In
general, the fern S. molesta has proven itself
as an effective phytoremediant of harmful
substances of various nature from polluted
waters and wastewater (Table 1).

Salvinia biloba Raddi is an autochthonous
free-floating macrophyte originating from
South America. This species is common in
Argentina, Bolivia, Brazil, Chile, Paraguay
and Uruguay. As a decorative culture, ferns
can be found in various regions of the globe.
The floating bilobed fronds of S. biloba have
short petioles 1-9 mm long, a heart-shaped
base with a system of hairs, long papillae,
and heterogeneous areolar veins. Submerged
fronds up to 45 cm long, with short or long
petioles up to 2 cm long [63]. Floating and
submerged fronds under favorable conditions
form a huge vegetative mass on the surface of
the water [64].

The use of S. biloba to treat water
contaminated with cadmium, chromium, zinc,
nickel, copper, and lead has been reported
[87, 65, 66]. S. biloba proved to be tolerant
to long-term (for 30 days) exposure to high
concentrations of lead, which made it possible
to use the fern to purify waters polluted by
this heavy metal [67]. S. biloba is tolerant to
mercury, which allows the fern to be used as
a phytoremediant in waters contaminated
with this metal [68]. Floating S. biloba
fronds adsorbed HM ions from artificially
polluted water in different ways. Removal of
copper and lead ions (=96% ) was more active,
cadmium (79 = 4%) and zinc (77 = 5%) ions
were less active [69]. Pollutants are removed
from contaminated waters by their adsorption
and subsequent accumulation in S. biloba
cells [70].

Therefore, the fast-growing and capable of
hyperaccumulation of pollutants water fern
S. biloba is suitable for phytoremediation of
contaminated waters (Table 1).

Salvinia minima (Willd) is a floating
fern, which, due to its high productivity and
tolerance to a wide range of temperatures, is
classified as a weed in tropical and subtropical
regions. It is widespread in North, Central
and South America. The floating fronds of

S. minima are rounded in shape, contain hairs
and heterogeneous areolar veins; have short
petioles, 1-2 mm long. Underwater submerged
fronds up to 4.5 cm long with short 1-2 mm
petioles. The upper side of the floating
fronds folds to the axis of the stem and is
morphologically abaxial [63].

S. minima grows normally at low
concentrations of cadmium (0.03 mg/l),
nickel (0.40 mg/1), lead (1.00 mg/1), zinc
(1.00 mg/1) and is able to adsorb HM at higher
concentrations in the culture medium [71].
Hyperaccumulation of lead after exposure of
ferns to a solution of 40 uM Pb(NO;), depended
on the chelation and biosequestration of metals
mediated by phytochelatins. Submerged
fronds accumulated significantly more lead
(IT) than floating fronds, which was correlated
with increased phytochelatin synthase (PCS)
activity. Lead (II) accumulation occurred in
the floating fronds due to a marked increase in
the expression of the SmPCS gene [36]. Lead
accumulates in ferns in the form of quasi-
spherical and elongated nanoparticles (PbNP),
which are localized on the cell membranes of
floating and submerged fronds. Cellulose,
lignin and pectin act as lead ion reducers [72].
The removal of lead from waters occurs by
bioadsorption and subsequent accumulation
in the cells of fronds. The distribution of
lead between different compartments of the
fern depends on the availability of nutrients,
chelating agents and environmental conditions
[73, 74]. In lead-contaminated waters, the rate
of photosynthesis in S. minima was reduced
by 44% , membrane damage was observed in
the cells of submerged fronds, stomata were
closed in floating fronds, and as a result, CO,
intake decreased [75]. A concentration of
nackel above 80 1M changed the integrity of
cell membranes, affected photosynthesis, the
efficiency of photosystem II, and reduced the
content of photosynthetic pigments [76]. The
fern is a hyperaccumulator of nickel, which is
stored mainly in submerged fronds (16.3 mg/g
of dry biomass). Quick absorption of nickel
occurs in the first 6-12 hours of contact with
the metal, and slows down over time [76].

S. minima is an effective biosorbent of
methylene blue (MB), crystal violet (CV) and
Bismarck brown (BB) dyes and HM ions lead
(IT), zinc (II) and nickel (ITI). The removal
efficiency of dyes and metal ions exceeded
90% (99.4, 99.1 and 96.5% for CV, MB, BB
and 98.56, 95.69 and 92.99% for lead, zinc
and nickel respectively) under an initial
dye concentration of 10 mg/l and a high
concentration of metal ions. The maximum
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adsorption capacity for CV, MB, BB dyes
was 94.13, 150.98 and 228.81 mg/g, and for
lead, zinc and nickel ions — 174.32, 232.43,
171.40 mg/g. It was established that the
accumulation of dyes and HM ions occurred
mainly due to chemisorption. In general, the
fern was found to be an effective ecological
means of purification of wastewater
containing dyes and heavy metal ions [77].
S. minima accumulates in large quantities
and removes from aqueous solutions HM
cadmium, lead, chromium and metalloid
arsenic [78, 79]. It was reported that the
intensity of pollutant accumulation is
affected by the intensity of lighting and the
pH of aqueous solution [73]. S. minima also
adsorbs numerous nutrients from eutrophied
waters. This fern grows rapidly in municipal
wastewater and can effectively remove excess
NO; and PO,, as well as reduce biological
and chemical oxygen consumption (BOD and
COD) by 67.4% and 72.4% and conductivity
by 89%, 59% and 59% respectively during
28 days [80]. So, S. minima was an effective
purifier of inorganic and organic pollutants
(Table 1).

Salvinia cucullata Roxb. ex Bory comes
from India. Its floating fronds have short
petioles 0.5-1 mm long; the plates are
rounded at the top, truncated at the base, 0.5—
1 x 1,1-1.5 cm. Hairs are only on the abaxial
surface, the papillae are short or absent, the
areolar veins are heterogeneous. Submerged
fronds are 3.5 cm long, with short 0.2—1 mm
petioles [63].

Fern grows well in a nitrate-contaminated
environment (0.5-1 mM). With an increase
in pollutant concentrations up to 5 mM,
growth is suppressed, potassium absorption
was inhibited, but the amount of nitrogen
in fronds increased, which became the basis
for the use of S. cucullata as fertilizers,
animal feed and in waters purification [81].
A significant decrease in biological and
chemical oxygen consumption, nitrates and
phosphates content (Table 1) was observed in
wastewater after cultivation of ferns during
45 days [82].

Salvinia herzogii de la Sota is common in
Argentina and Brazil. Floating two-bladed
fronds with a high-cut top of up to 1/3 of the
length of the plate and a heart-shaped base
1.5-2.5 x 2.7-3.8 cm are attached to short
petioles 0.4—1.0 mm. The frond surface is
covered with hairs that are divided into four
segments at the apex and connected to the tips.
It has long papillae and heterogeneous areolar
veins. Submerged fronds are up to 10 cm long,
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with long 0.5—1 cm petioles [63]. S. herzogii
is capable to change the morphology of
fronds depending on the population density,
which allows to compete for resources [83].
Submerged fronds of S. herzogii accumulate
more chromium, cadmium, lead, zinc and
nickel than floating fronds, and the removal
of chromium from wastewater occurred
faster than zinc and nickel [84, 85]. The
absorption of chromium and cadmium by
floating fronds of S. herzogii occurred due
to the bioadsorption, helating and ion
exchange [86].

Salvinia auriculata together with other
macrophytes Elodea densa, Sagittaria mon-
tevidensis, Pistia stratiotes and Eichhornia
crassipes in two artificial reservoirs actively
accumulated mercury. The concentration
of HM in the organs of plants ranged from
46—-246 ng/g to 37-314 ng/g of fresh weigh.
Negative correlation between mercury
content and plant biomass has emphasized
the importance of juvenile plants using
to absorb mercury [87]. S. auriculata
accumulated potassium, calcium, titanium,
iron, manganese, chromium, cuprum, zinc and
strontium, the content of which increased over
time (Table 1). Coefficients of concentrations
for all metals except strontium reached the
highest value in 46 days of cultivation of ferns
in contaminated river water [88].

It was reported that S. rotundifolia
removed 85-95% of lead from contaminated
industrial wastewater [89]. Ferns S. auricu-
lata, S. biloba, S. herzogii, S. minima,
S. molesta, S. natans and S. rotundifolia
accumulated HM gold, cadmium, chromium,
cesium, cooper, iron, manganese, nickel, lead,
strontium and zinc up to 6000-18000 mg/
kg of dry biomass, which allows to use them
for effective purification of industrial and
wastewater (Table 1) [90].

Hydrophyte ferns of the Azolla genus
in phytoremediation of polluted waters

The genus Azolla unites aquatic ferns,
which are characterized by small fronds and
bright colors from green to burgundy. Due
to the significant water repellency of the
scaly fronds, the fern floats on the surface
of stagnant water in tropical, subtropical,
and temperate regions around the world [97,
98]. Reproduction occurs mainly through
rapid vegetative segmentation, the biomass
of the fern doubles in two to four days [99].
The degree of sporulation is quite low and
requires certain conditions for instance, it can
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be induced by far-red light [100]. A unique
feature of ferns of this genus is the formation
of symbiosis with the nitrogen-fixing
cyanobacterium Anabaena azollae [101]. Due
to the significant rate of nitrogen assimilation
and extremely high productivity, ferns of
the genus Azolla are used in agricultural
production as biofertilizers [102, 103] and
feed bioadditive for animals in aquaculture
[104]. Recently, Azolla ferns have attracted
attention as potential phytoremediants. The
ability of Azolla ferns to absorb heavy metals
attracts special attention of researchers
(Table 2).

Azolla filiculoides Lam. is an invasive plant
that is widespread in tropical and temperate
regions throughout the world. An adult plant
is 1-2 c¢m in size, colored at the edges in pink,
orange or red. It differs from other Azolla
species by the presence of single-cell trichomes
on the surface, which provide water-repellent
properties of plant. The ability to successful
absorb nitrogen and phosphorus compounds
from wastewater was found in A. filiculoides
[105]. Growth stimulation of A. filiculoides
under the addition of nitrogen and phosphorus
had a limiting concentration of 50 puM/L,
at higher concentrations chlorosis due to
iron deficiency was observed [106]. The fern
A. filiculoides is known as a hyperaccumulator
of lead, cadmium, chromium, nickel, silver
and gold [107]. When A. filiculoides was grown
for 15 days in solutions containing 5, 10, and
25 mg/L of lead, nickel, and cadmium, the
cleaning efficiency reached a maximum at
day 10 at a metal concentration of 5 mg/L and
decreased at a higher level of pollution [108].
Accumulation of cadmium by A. filiculoides
was an order of magnitude lower than that of
copper when these compounds were added in
a complex with EDTA, while cadmium alone
caused significant damage to photosystem II
[109]. Water pollution with iron, chromium
and aluminum did not prevent the growth of
the fern A. filiculoides, instead, aluminum had
even a small stimulating effect. Fern removed
92% of iron, 96% of aluminum and more than
80% of chromium [110]. Water pollution with
iron, chromium and aluminum did not prevent
the growth of the fern A. filiculoides, instead,
aluminum had even a small stimulating effect.
A. filiculoides effectively absorb nickel from
aqueousand galvanicsolutions,evenatextreme
pH values [111]. Ferns of the genus Azolla are
also able to accumulate and remove organic
compounds from the water environment. Thus,
A. filiculoides removed up to 50% of diclofenac
and 60% of levofloxacin from the water [110].

A.filiculoides absorbs up to 90% of the phenolic
substance pyrocatechol, which is a precursor of
pesticides and flavorings and one of the most
famous water pollutants [112]. Phenanthrene,
a tricyclic aromatic hydrocarbon, one of
the most common environmental pollutants
from vehicle exhaust and asphalt heating, is
absorbed by A. filiculoides by 88, 69, and 60%
at contamination levels of 1, 5, and 10 mg/L,
respectively [113].

Azolla pinnata R. Brown, the smallest
species from the genus Azolla, endemic to the
coastal areas of Africa, Asia and Australia.
Triangular stems 2.5 cm in length that
bears many rounded or angular green, blue-
green, or dark red leaves each 1-2 mm long,
coated in tiny hairs, giving them a velvety
appearance. The growth of this fern did not
depend on the presence of nitrogen in the
environment, apparently, the fern supplied
itself with this macroelement due to symbiotic
nitrogen fixation [114]. A. pinnata plants
absorbed 86.97% of iron sulfate and 81.14%
of zinc sulfate at an initial concentration
of 100 ppm for 20 days [115]. A. pinnata
actively accumulated the herbicide 2,4-D and
converted it into less toxic compounds that
were deposited in the cell walls [116].

A. caroliniana Willd. is native for North
and South America, the Caribbean. Scaly leaves
5-10 mm long are green or red, they are coated
with two-cell trichomes. Plants purified water
from mercury and chromium compounds by
almost 100% in 12 days of the experiment.
At the same time, the content of metals in
fern tissues increased from 71 to 964 mg/kg
of biomass, chromium absorption was more
effective [117]. This fern also accumulated
up to 5 mg of lead per 1 kg of dry matter at
a concentration of 20 mg/L of lead acetate,
but the toxicity of the metal had a significant
negative effect on the photosynthetic
apparatus and plant metabolism [118].

A. microphylla Kaulf. occurs in North
America. Floating fronds 0.6—-2 mm long
are green or red, submerged fronds reach a
length of 5 cm. Cultivation of A. microphylla
significantly improved the quality of
wastewater from fish breeding ponds
(temperature, turbidity, pH, ammonium
content) [119]. The accumulation of aluminum
in the body of A. microphylla occurred in
proportion to the increase in the concentration
of AICl; in the water, while significant
activation of the antioxidant system
contributed to detoxification and maintenance
of metabolic and growth processes in floating
fern fronds [120].
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Table 2. Summarized information on the phytoaccumulation of heavy metals by aquatic ferns
of the genus Azolla from polluted waters (adapted from [107])

Heavy metal | Initial concentration Duration Accumulation of HM
Azolla spp. y of the (DW) or absorption Source
(HM) of HM . .. o
experiment (d) efficiency (%)
Hg 3.0 mg/L 13 667 ng/g [125]
Hg 10.0 pg/L 21 450 ng/g [126]
Hg 3.0 mg/L 6 940 ng/g [127]
Cd 3.0 mg/L 13 740 ng/g [125]
Azolla Cd 10.0 mg/L 7 2759 ug/g [128]
pinnata Cr(IIT) 3.0 mg/L 13 1095 ng/g [129]
Cr(VI) 20.0 ng/L 14 9125 ng/g [130]
Ni 500 mg/L 7 16252 ng/g [128]
Fe 100 ppm 20 87 % [118]
Zn 100 ppm 20 81 % [118]
As 80.0 ng/L 7 >120 ng/g [131]
Pb 1.0 mg/L 12 416 ng/g [132]
Asoll Cd 1.0 mg/L 12 259 ng/g [132]
zolla
caroliniana Cr(VI) 1.0 mg/L 12 356 ng/g [110]
Cr(IIT) 1.0 mg/L 12 964 ng/g [110]
Hg 1.0 mg/L 12 578 ng/g [110]
Pb 20 mg/L 10 5mg/g [111]
As 80.0 ng/L 7 >60 ug/g [131]
Cr(VI) 20.0 ng/L 14 12383 ug/g [130]
Cr(III) 9.0 mg/L (ppm) 4 1904 ppm [133]
Cd 9.0 mg/L (ppm) 4 10441 ppm [133]
Cd 10.0 mg/L 7 2608 ug/g [128]
Ni 9.0 mg/L (ppm) 4 8814 ppm [133]
Ni 500 mg/L 7 28443 ng/g [128]
Cu 9.0 mg/L (ppm) 4 9224 ppm [133]
Zn 9.0 mg/L (ppm) 4 6408 ppm [133]
Fe 5.0 mg/L 8 92% [112]
Azolla Al 5.0 mg/L 8 96% [112]
filiculoides Cr 5.0 mg/L 8 10% [112]
5mg/L 95%
Pb 10 mg/L 15 97% [115]
25 mg/L 79%
5mg/L 1%
Ni 10 mg/L 15 69% [115]
25 mg/L 7%
5mg/L 93%
Cd 10 mg/L 15 89% [115]
25 mg/L 66%
1 mg/L 188.7 mg/kg
Cd 2.5mg/L 673.5 mg/kg [117]
2.7mg/L 93.11 mg/kg
Cu 2.6 mg/L 1169.45 mg/kg [117]
Cr(VI) 20.0 pg/L 14 14 931 ug/g [130]
A Ni 500 mg/L 7 21785 ng/g [128]
microphylla Cd 10.0 mg/L 7 1805 ng/g [128]
100, 250, 500
Al and 750 M 6 195.8 ng/g FW [119]
A.imbricata Cd 0.5 ng/L 9 183 ng/g [134]
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It was shown also, that in A. imbricata,
excess cadmium induced the expression of
genes encoding anthocyanin biosynthesis
[121]. Cultivation of A. japonica reduced the
nitrogen content in the medium by half in
less than a week [122]. It was determined that
purification of environment from antibiotics
by ferns Azolla spp. occurred in three stages:
absorption of the substance by the fern with
the formation of reactive oxygen species,
which were partially neutralized, conjugation
of the substance with the participation of
glutathione transferase and glutathione, and
deposition of the assimilated substance in the
apoplast, vacuoles, and cell wall [123].

The ability to adsorb an excess of
macronutrients has been established for all
species of ferns of this genus, although they
differ in their tolerance to pollutants. Thus,
A. microphylla showed greater tolerance to
supraoptimal nitrogen concentrations than A.
caroliniana, A. imbricata, and A. mexicana. In
addition, this species had the highest nitrogen
absorption efficiency [124].

Hydrophyte ferns
of the Salviniaceae family
in phytoindication of water pollution

To determine the pollution of waters,
bioindication methods are wused. Special
signs that allow us to assess changes in
mineralization and purity of the environment
are distinguished in indicator plants. These
include physiological (level of transpiration,
pigmentation, salt content), morphological
(size, branching), phenological (anomalies
of the development rhythm, growing season)
indicator signs. The most sensitive according
to these indicators are aquatic macrophytes,
the species composition and productivity of
which reflect the nature of water pollution with
organic substances, heavy metals, pesticides,
etc. Due to a closer connection with the aquatic
environment, aquatic macrophytes are the
most convenient object for phytoindication of
waters [135].

Thus, it was shown that the growth
rate of the fern S. natans increased by 20%
when the water was polluted with nickel at
a concentration of 0.25 mg/l, while it was
significantly inhibited at metal concentrations
of 0.5, 0.75, 1 and 2 mg/L [136]. Phenotypic
changes of the floating fronds of S. biloba
were detected on the fifth day of cultivation in
artificially contaminated water with cadmium
(100 uM), which were manifested in the form of
chlorosis and necrosis. In the floating fronds,

the metal content on the third day was 3 mg/g
DW, and on the tenth — 23 mg/g DW, while
in the submerged fronds, it was 3 and 12 mg/g
DW, respectively [96]. Prolonged exposure to
lead and cadmium (for 10 days)induced changes
in the content of photosynthetic pigments
(carotenoids, chlorophylls a and b), secondary
metabolites (anthocyanins and flavonoids),
soluble carbohydrates, changed the stability
of cell membranes of floating and submerged
fronds. Such adverde effects were correlated
with qualitative changes in the fern phenotype.
Theplantsshowed typical signsof toxicity, such
as chlorosis and necrosis of floating fronds,
the appearance of a brownish-red color on the
surface of plants, and a decrease in total plant
biomass [37, 96]. S. biloba is a bioindicator of
cuprum contamination in aquatic ecosystems.
At the high concentrations of metal, symptoms
of plant intoxication and death were observed
[65]. When studying the phytoextraction
capacity of S. natans, it was shown that the
fern actively accumulated lead and copper
(>3.328+0.032 and >2.641+0.014 mg/kg DW,
respectively). High concentrations of HM
negatively affected the growth and habit of
the fern, which allows the use of S. natans for
biotesting [137].

A number of investigations are devoted
to the elucidation of the impact of HM
pollution on the physiological state of aquatic
macrophytes in natural and experimental
conditions. It has been reported that S. na-
tans is able to accumulate high levels of
HM. Thus, the accumulation of chromium,
iron, nickel, copper, lead, and cadmium
ranged from 6 to 9 mg/g DW, while the
accumulation of cobalt, zinc, and manganese
was ~4 mg/g DW. The accumulation of
HM affected the photosynthetic activity of
fern, in particular, the efficiency of carbon
assimilation, photochemical activity, and
photophosphorylation[91]. Significant growth
rate, simplicity of cultivation, distribution
and sensitivity to various harmful substances
as well as the ability to hyperaccumulate
pollutants contribute to the successful use of
S. natans for biotesting and purification of
contaminated waters [138].

Chlorosis was detected in the fern
S. cucullata, which was grown in a medium
containing 0.5, 1, 2, and 4 mg/L cadmium and
5,10,and 40 mg/Llead. With anincrease in the
duration of the negative impact and a raise in
the concentration of HM, the growth of plants
slowed down, the accumulation of biomass
decreased, and the content of chlorophyll
reduced. Submerged fronds accumulated more
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cadmium and lead than floating fronds [139].
The fern grew well in a medium containing
0.5-1 mM NH,". On the other hand, the
concentration of the pollutant above 5 mM
inhibited the growth rate, the number and
length of the submerged branches decreased,
signs of chlorosis appeared [81]. It was
reported that with increasing concentrations
of cadmium, copper, chromium, mercury, lead,
nickel, and zinc in the aquatic environment,
growth and raw biomass accumulation by
macrophytes S. natans, S. molesta, and S. au-
riculata were inhibited [140].

In A. microphylla plants under high
concentrations of aluminum in water (up to
750 uM), the size of the submerged fronds
and the content of phenols and flavonoids
significantly decreased, but the level of
chlorophylls, sucrose, starch, photosynthesis
efficiency and nitrogen-fixing capacity
remained almost normal [119]. The growth
of A. filiculoides was inhibited by 42% under
the contamination with phenathrene at a
concentration of 10 mg/L, simultaneously
the content of photosynthetic pigments was
significantly reduced [123]. The presence of 1
mM phenol in the environment also negatively
affected the morpho-biochemical parameters
of this fern: numerous necrosis was observed,
the malondialdehyde content increased
significantly [141].

Therefore, aquatic ferns of the Salviniacea
family can be used as a valuable tool for
biotesting water contaminated with pollutants
of various nature.
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BOJHI ITAIIOPOTI POAUHH Salviniaceae .
Y ®ITOPEMEJIAIIII TA ®ITOIHOAUKAIIII SABPYITHEHUX BOJOUM

Kocaxkiscvra 1.B., Bedenuvosa H.I1., Illep6amiworx M.M.,
Boumenxo JI.B., Baciox B.A.

Iacturyr 6oraniku imeni M. I'. XoaogaOro
HAH Vkpaiuu, Kuis

IIpobremamura. BogHi ekocucTeMu 3a3HAIOTh 3HAUHNX CTPECOBUX HaBaHTaKeHb Ta BUCHAXKEHHSA uepes
HAAXOMKeHH 3a0pyIHIOIOUMX PEUYOBUH HEOPTaHIYHOTO Ta OPTaHiYHOTO MOXOAKEeHHA, 110 CTBOPIOE CEPIIO3HY
3arpo3sy IJs 3gopos’ s adrogeii. [Iporpama OOH 3 HAaBKOJIUIIIHBOTO CEPEeIOBHUINA Bu3HauniIa GiTopeMemiaiio
AK e)eKTUBHY €KOTeXHOJIOTiI0 BUJaIeHHs, JeTOKCUKAIlil Ta iMMo06irizallii moaoTaHTiB 3a JOIIOMOT'0OI0 POC-
auH. Ilamopori rinpoditu poguamu Salviniaceae Hale:KaTh 0 IIepCcIeKTUBHUX (piTopemenianTis. Bonu xa-
PaKTEepU3YIOTHCA BUCOKUMU TEMIIAMU POCTY, CTiKiCTIO 0 HECIPUATINBUX €KOJIOTIUHNX YNHHUKIB, 3TaTHL
amcopOyBaTHu MOJIIOTAHTH, cepesl AKX BakKi meranu. Bugu pozais Salvinia Ta Azolla BUKOPUCTOBYIOTH JJIs
OI[iHKY €KOJIOTiYHO CTaHy BOJOIM Ta JOCJiPKEeHHA eKOTOKCUKOJIOTIUHUX e(heKTiB 3a0PyAHIOIOUNX PEUOBUH

Mema. Auaniz Ta ysaraJbHEeHHsS HOBITHiX HAyKOBUX pe3yJbTATiB 3 BUKOPUCTAHHS BUIIB POJUHU
Salviniaceae nnsa pitopemenianii Ta gpiToingukaii 3a0pysHeHNX BOLONM.

Pesyavmamu. Y 1niboMy orJiaAi MU HaBeJ U KJIOUOBY iH(opmallito mpo HOBiTHI (iToTexHOoMOTII, cepen
axux (itomerpamairis, girocrabinisaia, pusodisbTpariisa, pusogerpazgaiia ta iroBosaTusaiiig. Oxapak-
TepU3yBaJIu 0COOJIUBOCTI POCTY i POBMOBCIOMKEHHA BUAIB poaiB Salvinia Ta Azolla Ta IpeaCcTaBUIN aKTY-
arbHYy iH(opMaIlito M0 0 BUKOPUCTAHHA BOAHUX MAMOPOTEI /IS OUMCTKU 3a0pyAHEHUX BOAONM Bil BaK-
KHX MeTaJiB, HeOPraHiuHMX Ta opraHiunmux 3adpygHoBadis. O6rosopuan BimomMmocTi 1100 (isiosoriuaux ta
MOJIEKYJIAPHUX MexaHisMiB aganralrii Bugis poxais Salvinia ta Azolla 1o ToxkcuuHOI Aii TOJIOTAHTIB Pi3HOTO
noxomKeHHsa. OKpeMy yBary Mu 30Cepeiun Ha BUKOPUCTAHHI BOOJHUX ITAamopoTed poamHm Salviniaceae
151 KOHTPOJIIO 3a0pyAHEeHHS BOLOMM.

Kanawuwosi cnosa: Salviniaceae, BogHi eKocuctemu, (QiTopemesniais, Oioimgmkaiiis, opraHiumi ta
HeopraHiuwui 3abpyaHoBayi.
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Liposomal drug delivery system is an example of the use of nanodrugs in medical practice.
Encapsulation of active pharmaceutical ingredients in liposomal nanoparticles allows increasing their
bioavailability and efficacy.

Aim. The article is devoted to the analysis of the lipid composition of liposomal drugs developed in
Ukraine, its influence on the choice of technology and control parameters.

Results. The lipid compositions of liposomal drugs developed in Ukraine in recent years were reviewed.
The advantages and disadvantages of natural phosphatidylcholine as the main membrane-forming lipid
were analyzed. Data on the influence of anionic phospholipids and cholesterol in the liposomal membrane
composition on the stability of liposomal nanoparticles and the level of active pharmaceutical ingredient
encapsulation were given. The main technological stages of obtaining liposomes with hydrophilic and
hydrophobic active pharmaceutical ingredients were considered. The main groups of quality indicators of
liposomal dosage forms have been determined.

Conclusions. The lipid composition determines the structure and physicochemical properties of the
lipid membrane, the mechanism and level of active pharmaceutical ingredient encapsulation, which
significantly influences the pharmacological efficacy of liposomal drug delivery systems.

Key words: nanobiotechnology; drug delivery system; liposomal drug; phospholipids; anionic
phospholipids; phosphatidylcholine; cholesterol.

Using drug delivery systems, the
pharmacokinetics of active pharmaceutical
ingredients (APIs) can be changed, and its
bioavailability and effectiveness can be
increased [1]. The development of liposomal
drugs (LS-drugs) is one of the promising areas
of modern nanopharmacology due to a number
of advantages of LSs [2-5]: they prolong
the action of encapsulated APIs in the body;
change the pharmacokinetics of drugs, that
significantly increases their pharmacological
efficacy; protect APIs from degradation;
protect healthy cells and pathological organs
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from the toxic effects of drugs; increase the
bioavailability of lipophilic APIs.

LS-drugs are the only real example of
the use of nanopreparations in medicine, for
example, in Ukraine LS-drugs are licensed for
use in cardiology, ophthalmology, oncology,
etc. [2, 6-9]. In addition, LSs show high
efficiency as adjuvants in vaccines.

LSs are colloidal spherical nanorange
particles formed by a phospholipid bilayer[10].
There are single-layer (unilamellar) vesicles
(ULVs), multilayer vesicles, which are divided
into oligolamellar (OLVs) and multilamellar
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(MLVs) vesicles, and multivesicular LSs
(MVLs). OLV and MLV contain 2—5 or more
than 5 concentric lipid bilayers. Unlike MLV,
MVLs consist of hundreds of concentric water
compartments bounded by a single lipid bilayer
membrane. Depending on the particle size, ULVs
aredivided intosmall unilamellar vesicles (SUVs)
with a size of 30—-100 nm, large unilamellar
vesicles (LUVs) with a size of more than 100 nm,
and giant unilamellar vesicles (GUVs) with a size
of more than 1000 nm (Fig. 1).

The structure and efficacy of LSs depend
heavily on the lipid composition of the LS
membrane. The lipid composition determines
the particle size and stability, the level of
API encapsulation, and the methods of LS
preparation [11].

The aim of the work was to analyze the
lipid composition of LS-drugs developed in
Ukraine, to characterize the main functions
of lipids in the composition of LS-drugs,
to highlight the main control points in the
preparation of LSs.

Lipids in LS-drug

Most of commercial LS-drugs, which are
available on the market, are ULVs capable of
passive targeting and long-term circulation
in the body. In this article we focused on LS-

S

suv
<100nm

Multilamellar
liposomes

Multivesicular
liposomes

Fig. 1. Classification of liposomal nanoparticles
by size and number of lipid bilayer [10]

drugs, which were developed by us in Ukraine
in 1989-2021 (Table 1).

Analyzing the lipid composition of this
LS-drugs, the following components can be
identified: EPC, DPhG, DPPG, PhG, Phl, and
Chol (Fig. 2).

Table 1. LS-drugs, developed in Ukraine

Product name | Application area | API composition LS size, Lipi.d. Development Ref.
nm composition stage
Pulmonology,
Lipin® nephrology, EPC 80-140 EPC Licensed in 1991 | 2, 32
cardiology
Lipodox® Oncolog Doxorubicin | g4 190 | EpC, Chol |Licensed in 1998 229
b y hydrochloride ’ 22
Lioliv® Hepatoprotector Antral 90-130 EPC Licensed in 2003 | 2, 27
. Cardiology, . ~ Licensed in
Lipoflavon® ophthalmology Quercetin 130-160 EPC 2006,/2007 2, 26
LS irinotecan Oncology Irinotecar} 80-120 EPC, Chol Preclinical trials |24, 25
hydrochloride
LS cytochrome C Cardiology Cytochrome C |120-170| EPC, DPPG |Preclinical trials| 12
. ~ Laboratory 2,19,
Lipotax Oncology Docetaxel 120-150 | DPhG, EPC studies 95
Lipoplat Oncology Cisplatin 140-180 E]fh%,CI})l}?Il, Clinical trials zéf >
LS curcumin Antioxidant, Curcumin | 150-200| DPPG,EPC | Laboratory jy3.4,
cardioprotector studies
LS coenzyme Antioxidant, -~ Laboratory
Q10 cardioprotector Coenzyme Q10 | 140-180| DPPG, EPC studies 2

Legend. EPC — egg phosphatidylcholine, DPhG — diphosphatidylglycerol, DPPG — dipalmitoylphosphati
dylglycerol, Chol — cholesterol, PhG — phosphatidylglycerol, PhI — phosphatidylinositol.
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Fig. 2. Structure of phospholipids

We used EPC as the main membrane-
forming lipid in LS-drug developing. The
advantage of natural EPC is the low cost of
production compared with semi-synthetic and
synthetic PCs, suchas DSPC, DPPC, DOPC, etc.
EPC is composed of a family of fatty acids, and
a wide range of fatty acid composition causes
a low standardization of the EPC. LysoPC
(1.0% ) and sphingomyelin (3.0% ) are detected
in the natural EPC, obtained according to the
previously developed technology [12], and the
purification of them leads to reducing the cost
of the product due to a significant decrease of
the product yield. Presumably, sphingomyelin
of the EPC can influence the stability of the
LS structure [13], especially in acidic medium
with pH 2.0-3.0 used in the preparation of
LSs by transmembrane pH gradient method
of hydrophilic APIs encapsulation, such as
doxorubicin hydrochloride or irinotecan
hydrochloride.

We used semi-synthetic DPPG in the
preparation of a number of LS-drugs, for
example, in the preparation of a complex
with cytochrome C. DPPG can interact with a
positively charged API, such as cytochrome C,
to form a stable complex. In addition, DPPG
has a negative charge and can prevent the
aggregation of LSs [14]. DPPG was also used
in the preparation of LS-drug with bilayer-
encapsulated lipophilic APIs, curcumin and
coenzyme Q10 (Table 1). The introduction of
anionic DPPG allowed not only to increase
the API incorporation (by 10—-15 %) into the

26

bilayer of the nanoparticle, but also to stabilize
LSs [15-17]. Using curcumin-containing LSs,
the pharmacological activity of the LS-drug
was confirmed, namely, cardioprotective and
antioxidant properties were shown. Based on
the high pharmacological activity of curcumin
[18—-20], the development of its hydrophilic
form in LS gives hope for using the product
in various pharmacological models. The use
of natural DPhG stabilized the structure of a
docetaxel-containing LSs [21, 22].

We used Chol as a component of a lipid
bilayer in preparation of LSs with hydrophilic
APIs, doxorubicin [23—-25] and irinotecan
[26, 27]. The encapsulation of Chol into the
LS bilayer facilitates the packing of fatty
acid chains and thereby forms and stabilizes
the lipid bilayer. Furthermore, Chol in
nanoparticles largely determines the rigidity
of the LS membrane, which can influence
the API encapsulation into the inner water
space of LSs and the subsequent release in the
organism. The Chol encapsulation into LS-
drugs containing irinotecan or doxorubicin
can stabilize APIs in acidic medium. In
addition, Chol was not used in LS-drugs with
lipophilic APIs, which are incorporated in
the lipid bilayer, for example, quercetin
in Lipoflavon® [2, 28] (used in cardiology,
ophthalmology, oncology), and antral in
Lioliv® (hepatoprotector) [2, 29, 30]. In our
opinion, lipophilic substances incorporated
in the LS bilayer can independently stabilize
the LS membrane and influence the membrane
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rigidity. Anumberofauthorshavealsoreported
the high pharmacological activity of quercetin-
containing LS-drugs [2, 31-33]. The influence
of the lipid composition on the LS structure
and the pharmacokinetics of anthracycline
antibiotics and 5-fluorouracil encapsulated
LS-drugs was studied [6]. The Chol increase in
LS composition leads to an increase in the size
of LSs and consequently to decrease in the API
encapsulation and complicate the sterilizing
filtration. The cumulative and prolonging
effect of aforementioned LS-drugs have been
established, and the distribution of anticancer
APIs in organs was shown.

Technological methods
for LS-drugs preparation

The lipid and API composition of LS-
drugs largely determines the technology
for producing products. The production
of developed LS-drugs has been discussed
in detail in our previous studies [2, 7, 27].
To prepare LS-drugs with lipophilic APIs,
we used the lipid film method followed by
high-pressure homogenization, sterilizing
filtration, and lyophilization. According to
this scheme, Lipin® [34, 35], Lipoflavon®
[28], Lyoliv® [29], Lipotax [22], and
Latanoprost [36] were prepared. LS-drugs with
hydrophilic APIs were prepared by lipid film
method, emulsion rehydration, high pressure
homogenization or sonication, transmembrane
pH gradient method, sterilizing filtration
and lyophilization. LS forms of doxorubicin
hydrochloride (Lipodox®) [24] and irinotecan
hydrochloride [26] were prepared in this
way. Non-encapsulated APIs were removed
using sterilizing filtration through a
cascade of membrane filters, centrifugation,
ultrafiltration or gel filtration. Sterilizing
filtration was applied in following stages:
preparation of sterile solutions of lipid
componentsinorganicsolvents,cryoprotectant
solutions and buffer solutions. In addition,
a number of stages were carried out under
aseptic conditions [2]. The lyophilization was
carried out using cryoprotectant solutions,
lactose or trehalose.

Ithasbeenestablished that physicochemical
characteristics of LS-drugs depend on a
number of factors in their obtaining: pressure
of homogenization, intensity of sonication,
process temperature, lipid concentration,
number of cycles, etc. Even minor deviations
from the established regulatory standards
result in changes in properties of LS samples.
At the same time, it is well known that the size

of LSs, their charge, and fatty acids oxidation
determine pharmacological properties of LS-
drugs, which is primarily associated with
altered pharmacokinetics in the organism.
The influence of lyophilization modes on the
stability of the physicochemical parameters
of LS-drug was shown. The properties of the
product are also affected by the structure and
properties of the API[2, 27].

Control of LS-drugs

The standardization and control of LS-
drugs containing different compositions
of lipids and APIs need to be considered.
LS-drugs were controlled in accordance
with international [38] and national [39,
40] requirements. We proceeded from the
definition of three groups of indicators [37]:
I —indicatorscharacterizing theidentification
and quantity of individual biologically active
components of the drug: API, lipids (EPC,
Chol, anionic phospholipids), cryoprotectant;
II — quality indicators characterizing the
dosage form of the drug (sterility, pH value,
abnormal toxicity, pyrogenicity (endotoxins));
IIT — indicators characterizing the properties
of LSs (encapsulation of API in LSs, size and
charge of LSs, etc.). Tests should control
those properties of the product, which are
subject to changes during the storage and may
affect the quality of the finished product, and
the methods of quantitative determination
should characterize the stability. The profile
of new products of degradation of the drug
components also need to be taken into account.
In this case, new products of degradation must
be identified. Thus, the limit concentrations of
impurities should be identified and indicated,
such as limit concentrations of lysoproducts
or free fatty acids for EPC, and limit
concentrations of impurities and degradation
products for API. When developing LS-
drugs, the identity of the qualitative and
quantitative compositions of the APIs and
lipid composition after freeze-drying and
subsequent rehydration were proved.

Conclusions

The main task of the LS drug delivery
system is to increase the bioavailability
and effectiveness of the API. The lipid
composition determines the structure and
physicochemical properties of the lipid
membrane, the mechanism and level of API
encapsulation into the LS nanoparticle, that
fundamentally impacts the pharmacological
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efficiency of this drug delivery system. The
LS-drug composition (both lipids and APIs)
has the greatest influence on the choice of
technological methods for obtaining LSs and
the main control indicators of the finished
product.
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BIIJIUB JIMIJTHOI KOMIIO3HUIIII HA BJIACTHUBOCTI,
TEXHOJIOTTIO TA IIORKASHUEKHU AKOCTI
JITIOCOMAJIBHUX ITPEITAPATIB
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3HamniomanpHuil TexHiuHMIl yHiBepcuTeT « XapKiBCHKUII MOMiTeXHIYHNH iIHCTUTYT» , YKpaiHa
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JlimocomanbHi cUCTEMY JOCTAaBKU JIiKiB € IPUKJIAAOM 3aCTOCYBaHHA HaHONPENapaTiB y MeIUUHil TpakK-
tuni. Iakancynania akTuBHUX (papMaleBTUYHUX IHTPEieHTIB y JinocoMasbHI HAHOUACTUHKU A03BOJISAE
301IBIIUTHY X 610AOCTYIIHICTh Ta ePEKTUBHICTD.

Mema. CraTTa IpucBsaUYeHa aHAJII3Y JiliJHOTO CKJIaay pPo3po0ieHnX B Y KpaiHi JimocomMaabHUX IIpela-
pariB, #0oro BIJIMBY Ha BuOip TeXHOJOriI oflep:KaHHs Ta KOHTPOJbHUX IIapaMeTpiB.

Pesyavmamu. PosrasuyTo ginigHuit cKJaj JimocoMaabHUX IIperapaTriB, po3pob/eHnX B YKpaiHa 3a
octaHHi poku. IIpoaHasizoBaHO mepeBaru Ta HENOJIKU IPUPOAHOTO (ocHaTUAUIXONIHY AK OCHOBHOTO
MeMOpaHoyTBOpOtouoro Jiminy. HaBemeni nani mono BmiuBy aHioHHUX (ocdorinifgis Ta xosmecTepury y
CKJAaMi TimocoMasbHOI MeMOpaHU Ha CTAabiIbHICTD JIimOCOMAaTbHUX HAHOUACTUHOK Ta CTYIIiHb iIHKAICY ATl
aKTUBHOIO (hapMaIlleBTUUHOTO iHrpeaieHTy. PO3TISAHYTO OCHOBHI TEXHOJIOTIUHI eTanu ofep:KaHHS JiIOCOM
3 rigpo@iabHUME Ta TiAPOPOOHMMU AKTUBHUMU (papMalleBTUUYHNMHU iHTpefieHTaMu. BusHaueHo OCHOBHI
I'PyIIY MOKA3HUKIB AKOCTI JimocoMaIbHUX JiKapChbKUX (DOPM.

Bucnosxu. JlinigHa KOMII0O3UIliA BU3HAYAE CTPYKTYPY Ta (hisuKo-ximiuHi BiacTuBOCTi JinigHol MeMO-
paHu, MexaHi3M Ta CTYIiHb IHKAICYJIAIlil aKTUBHOT'O (hapMalleBTUYHOI'0 iHTPeieHTY, 1[0 CYTTEBO BILINBAE
Ha (hapMaKoJIOTiuHY e(hpeKTUBHICTD JIIIIOCOMAJIbHUX CHUCTEeM JOCTABKM JIIKiB.

Knarouwosicnosa: Hanob6ioTeXHOJIOTiA, cCTEMA JOCTABKU JIIKiB, JIiTocoMaIbHUI ITpenapar, ¢pocosrimigm,
aHioHHi Gocdorinmiau, pochaTUINIXOIIIH, X0JIECTEPUH.
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Lactoferrin is a ubiquitous and multifunctional protein, which has antimicrobial and immunomodu-
latory activities. Lactoferrin plays an important role in the maintenance of ocular health.

The aim of the study was to produce polyclonal antibodies against human lactoferrin in order to
apply them in evaluation of lactoferrin levels in the tear fluid collected from healthy eye and after
corneal injury.

Materials and methods. Affine chromatography on Protein A-sepharose was applied in order to iso-
late immunoglobulin G (IgG) fraction from the blood serum of lactoferrin-immunized rabbits. Each step
of protein purification was monitored by denaturing gel electrophoresis (SDS-PAGE). Target antigen
recognition by produced antibodies was established by western blot analysis with the use of diluted IgG
fraction. Lactoferrin levels in the tear fluids collected from healthy individuals (n = 4) and patients with
non-penetrating corneal injures (n = 6) were determined immunochemically with the use of purified anti-
bodies. The results of western blot of lactoferrin levels in the tear fluids of healthy individuals and
patients with corneal wounds were analysed using Mann-Whitney U-test. The difference between group
mean values was considered significant at P < 0.05.

Results. Using affine chromatography on Protein A-sepharose, antibodies against human lactoferrin
were purified as IgG fraction from blood serum of lactoferrin-immunized rabbits. Western blot analysis
showed that obtained antibodies recognize the antigen as a 75-kDa band, which corresponds to the intact
human lactoferrin polypeptide. The same major polypeptide band was visualized by western blot with
enhanced chemiluminescence detection in the tear fluid samples. Densitometry analysis of 75-kDa lacto-
ferrin band showed 3.2-fold decrease in lactoferrin level in the tear fluid samples obtained from patients
with non-penetrating corneal traumas as compared with samples collected from healthy persons
(P < 0.05). Besides, tear fluid of patients with injured corneas contained large amounts of truncated lac-
toferrin immunoreactive polypeptides as well as high molecular weight bands, which could correspond to
lactoferrin complexes with other proteins occurring during inflammation.

Conclusions. According to our data, obtained anti-lactoferrin antibodies can be used as a valuable
tool for development of advanced tests and procedures for diagnostics of eye diseases associated with
the corneal lesions. Reduced lactoferrin concentration might represent a potential prognostic biomark-
er for diagnosis of ocular diseases including non-penetrating corneal injuries in a simple and non-
invasive way.

Key words: lactoferrin; antibodies; western blot analysis; corneal wounds; tear fluid.
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Human lactoferrin, 80-kDa glycoprotein
of the transferrin family, is a non-heme iron-
binding protein, consisting of 691 amino acid
residues folded into two globular lobes [1].
Lactoferrin possesses iron-binding capacities,
several times greater than the affinity of
transferrin [2]. Lactoferrin is a ubiquitous
protein, which is synthesized in many organs
of the human body and contained in exocrine
fluids such as breast milk, nasal exudate,
bronchial secretions, saliva, tears, sweat,
sperm, and vaginal discharge [3]. The main
source of lactoferrin is milk; it is contained in
human colostrum in the concentration up to
7 g/1. Lactoferrin is practically absent in blood
plasma. Its concentration in blood is normally
about 1.0 mcg/ml, while it can increase to
200 mcg/ml during inflammatory processes.
Lactoferrin represents approximately 25% of
the total tear proteins by weight (1.4-2.2 mg/
ml), so it represents one of the main proteins
in human tears. Tear lactoferrin levels are not
influenced by age or sex [4]. Lactoferrin is
recently referred to as a multipotent protein,
which plays several biological functions,
including antibacterial, antiviral, antifungal,
antiparasitic, and antiinflammatory activities
to provide innate defence [2, 5]. In addition,
lactoferrin is known to have antioxidant,
antiangiogenic, and antitumor properties,
and plays sufficient roles in neuronal
differentiation, osteogenesis, and wound
healing [6, 7]. Lactoferrin has been shown
to hamper plasmin-mediated pericellular
proteolysis through inhibiting plasminogen
activation by urokinase, thus suppressing
cancer cell motility [8]. Besides, inhibition
of platelet formation from megakaryocytes
and other antiplatelet effects underlie
antithrombotic activity of lactoferrin [9].

Lactoferrin plays an important role in
maintaining eye health [10]. This protein was
found tobe expressedinthe corneaandiris, and
cells of retinal pigment epithelium of human
and mouse eyes. However, it is mostly secreted
by the main lacrimal gland, with both epithelial
cells and Meibomian acini contributing to its
final tear levels [11]. Antimicrobial activity
of lactoferrin was the first to be discovered,
and to date is also the most widely studied.
Lactoferrin has been shown to inhibit the
growth of various bacterial species implicated
in adverse events in tear surface including
Escherichia coli, Haemophilus influenzae,
Bacillus subtilis, Streptococcus spp-,
Staphylococcus spp. and Pseudomonas spp. [4].
For example, Williams et al. [12] have shown
that lactoferrin deposited on the contact lens
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surface can effectively kill Pseudomonas
aeruginosa cells that attempt to colonize the
surface. Furthermore, lactoferrin has been
shown to prevent complement activation
and formation of harmful hydroxyl radicals
and to affect the functions of monocytes,
granulocytes and lymphocytes. These findings
suggest that lactoferrin, apart from its
antimicrobial effects, may also be involved
in the regulation of inflammatory disorders.
Evidence has been presented to show that
lactoferrin binds to other proteins and may be
present in various forms in the composition of
tear film [13]. As a multifunctional protein,
lactoferrin also exhibits efficacy in the setting
of viral infectious processes against human
and animal pathogenic viruses. Recent studies
have demonstrated the activity of lactoferrin
against the most widely spread viral particles,
including cytomegalovirus, herpes simplex
virus, human immunodeficiency virus (HIV),
hepatitis C virus, poliovirus, parainfluenza
virus, human papillomavirus, and adenovirus.
In particular, the antiviral activity of
lactoferrin lies in the early phase of infection,
when it prevents virusentryinto host cells[14].
Nowadays, antiviral activity of lactoferrin
appears to be of special interest, since the
current pandemic coronavirus disease 2019
(Covid-19) caused by SARS-CoV-2 virus has
ocular diseases, in particular, conjunctivitis,
among its known clinical manifestations
[15]. Several mechanisms have been proposed
for SARS-CoV-2 (Covid-19) infection, for
which lactoferrin has additionally shown
the capability of inhibiting in vitro viral
replication [16, 17].

Development of various pathological
conditions, such as dry eye of corneal injuries,
can lead to significant decrease in lactoferrin’s
concentration, thus providing less protection
[5]. It has been also reported that lactoferrin is
one of the important predictors of the stability
and volume of tear film. Tear volumes from
the lacrimal gland are shown to have a positive
correlation with the concentration of this pro-
tein. Patients with lower tear production tend
tohave lowerlactoferrin’s concentration[18]. It
hasbeen shown that keratitis and conjunctivitis
of different aetiologies result in a decrease of
tear lactoferrin levels, thus exposing patients
affected by these conditions to a higher risk of
infection [10]. Therefore, current and future
studies are warranted for clinical applications
of lactoferrin for the treatment option of
various ocular diseases. Topical application
of lactoferrin may play a crucial role in the
maintenance of a healthy ocular surface system
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by compensating deficit of this protein in the
tear film. Topical application of lactoferrin
has been shown to reduce irradiation-induced
corneal epithelial damage in mice models, as
well as to promote corneal wound healing after
alkali-burn injury [19].

From these circumstances, lactoferrin’s
concentrations can represent a potential
diagnostic biomarker for diagnosis of ocular
diseases in a simple and non-invasive way.
Besides, determination of lactoferrin levels in
the tears of patients with various eye diseases
will give more insight into the physiological
role of this protein in the tear film. Our study
represents an example of generation and
possible application of polyclonal antibody for
detecting lactoferrin content and analysis of
its polypeptide composition in the tear fluid
by western blot. Thus, the aim of the present
study was to produce polyclonal antibodies
against human lactoferrin in order to apply
them for evaluation of lactoferrin levels in the
tear fluid in health and collected after corneal
injury.

Materials and Methods

All  experiments on animals were
conducted in compliance with the basic rules
and principles of EU Directive 2010/63 on
the protection of animals, the Declaration of
Helsinki (2008) and the requirements of the
Law of Ukraine “On Protection of Animals
from Cruelty” (Ne1759-VI of 15.12.2009).

Rabbit immunization. Two males of English
angora rabbit (weighting 2.27 and 2.72 kg)
were injected with emulsion of highly purified
lactoferrin (Novax®Pharma, Monaco) with
Freund’s adjuvant (Sigma Aldrich, USA)
subcutaneously in four sites in the back
(0.25 ml per site), according to the scheme
presented in Fig. 1.

Blood was taken from the ear vein, allowed
to form a clot, and then centrifuged at 1,000 g
for serum collection. Sera from two rabbits
were pooled, aliquoted, and stored at —20 °C
before further procedures.

Immunoglobulin G (I1gG) isolation and
purification. Isolation of IgG fraction was
performed by two-stage fractionation of serum
of lactoferrin-immunized rabbits. At the first
stage, globulin fraction of serum containing
antibodiestolactoferrin wasobtained after half
saturation with ice-cold ammonium sulphate.
Proteins were allowed to precipitate at 4 °C
for 12 h. Then, the pellet containing crude
globulins was separated by centrifugation at
3,000 g for 30 min at 4 °C and dissolved in
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Fig. 1. The scheme of rabbit immunization
(LF — lactoferrin, CFA — complete Freund’s
adjuvant, IFA — incomplete Freund’s adjuvant)

L]

0.05 M tris-HCI, pH 7.4, containing 0.15 M
NaCl (TBS). Globulin solution was dialyzed
against six changes of 100 volumes of the same
tris-HCI buffer at 4 °C for 30 min each change
till free from ammonium sulphate. After
dialysis, p-nitrophenylguanidine benzoate
(Sigma Aldrich, USA) was added to globulin
solution to the final concentration of 1 mM.

At the second stage, IgG fraction was
purified by affinity chromatography on
protein A-sepharose (Sigma Aldrich, USA).
The column (volume 2.0 cm?®) with protein
A-sepharose was equilibrated with 10 volumes
of TBS. IgG solution was loaded onto column
(2:1), and unbound proteins were washed out
by TBS. IgG absorbed on protein A-sepharose
was eluted by glycine buffer, pH 2.2. Samples
were collected, each of 1 ml, and pH was
neutralized immediately by 1 M tris-HCI,
pH 8.5. Concentration of IgG in eluates
was monitored spectrophotometrically at
the wavelength of 280 nm. Then, aliquots
containing IgG were pooled and dialyzed
against three changes of 100 volumes of TBS
at 4 °C for 30 min each change with the use
of centrifuge ultrafilters Amicon®Ultra M
100 kDa (Millipore, Ireland). Further, highly
purified IgG fraction was used as a source of
specific antibodies against lactoferrin.

Gel electrophoresis. The final purity
evaluation of immunoglobulin samples was
carried out by denaturing electrophoresis
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in polyacrylamide gel (SDS-PAGE) in non-
reducing conditions. Briefly, the samples of
immune serum, globulin fraction, and isolated
IgG were dissolved in Laemmli buffer (0.125 M
tris-HCl, pH 6.8, containing 4% SDS, 20%
glycerol, and 0.005% bromophenol blue)
and loaded onto 10% gel. The samples were
electrophoresed with the use of tricine-SDS
cathode buffer system (0.1 M tris-HCI, 0.1 M
tricine, pH 8.3) containing 192 mM glycine
and 0.1% SDS, in “Mini-PROTEAN-II”
vertical electrophoresis chamber (“BioRad”,
USA) [20]. After finishing electrophoresis,
proteins in gel was fixed in 5% trichloroacetic
acid and stained in 0.1% Coomassie Brilliant
Blue R-250 dissolved in a mix of 40% ethanol
and 10% acetic acid. After destaining, relative
molecular weights of the stained protein bands
were identified by comparing their migration
with t%? location of coloured trans-blot markers
Ruler Plus Pre-stained Protein Ladder
10-230 kDa (ThermoScientific, Lithuania).
SDS-PAGE was also used for an antigen
analysis before rabbit’s immunization and as
the first step in a western blot procedure of
lactoferrin detection in a tear fluid.

Western blot analysis. After electro-
phoresis, proteins were transferred from the
gel onto nitrocellulose membranes (GE Health-
care, Amersham Bioscience, UK, RPN 203D)
with 0.45 mcm pore diameter by electroblotting
using a buffer solution containing 25 mM Tris-
HCI, 192 mM glycine, and 25% methanol.
Membranes were blocked in a 5% solution of
skimmed milk powder in phosphate buffered
saline (PBS) and then probed with IgG isolated
from the immune serum as a source of anti-
lactoferrin antibodies (35 mcg/ml). After
incubation with the primary antibodies, the
membranes were washed in PBS, containing
0.1% Tween-20 (PBST), and incubated with
the secondary antibodies anti-rabbit IgG
(H+L)-HRP conjugate diluted 1:8,000 (Bio-
Rad Laboratories, Inc., USA). Immunoreactive
bands were developed by enhanced chemi-
luminescence (ECL) and subjected to auto-
radiography using Kodak X-ray films or
using reaction with the chromogen substrate
(0.05% diaminobenzidine and 0.03% hydro-
gen peroxide). Densitometric analysis of
blotograms was performed with the use
of densitometry software TotalLab TL120
(Nonlinear Inc, USA), signal intensities of the
studied proteins were expressed as arbitrary
units (a.u.).

Patients and tear sample preparation. In
order to verify if antibodies isolated from
immune rabbit serum are able to recognize
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and binds lactoferrin, we collected tear fluids
from 4 healthy volunteers and 6 patients
with non-penetrating corneal injures, which
were observed in the clinic “Alexander
Clinical Hospital” that is a clinical base of
the Bogomolets National Medical University.
Informed written consents were obtained from
theall participants. Thelocal ethical committee
of Bogomolets National Medical University
approved the study (protocol no. 138, 10 Nov.
2020) and the research is complied with the last
version of Helsinki Declaration. Tear fluid was
collected in a sterile plastic Eppendorf tube,
mixed with Laemmli sample buffer and stored
at —20 °C before laboratory examination.
Total protein content in the tear fluid samples
was determined spectrophotometrically by
Stoscheck method [21]. Proteins of the tear
fluids were separated by non-reducing 10%
SDS-PAGE, loading 50 mcg total protein
per track, and then lactoferrin levels were
determined by western blot analysis as
described above.

Statistical analysis. The results of western
blot of lactoferrin levels in tear fluids of
healthy individuals and patients with corneal
wounds were analysed using Mann-Whitney
U-test. Values are expressed as the mean = SD.
Difference between group mean values was
considered significant at P < 0.05.

Results and Discussion

The major functions of lactoferrin related
to the antioxidant, antibacterial, antiviral,
antiinflammatory activities have been widely
investigated. Lactoferrin is found in faecal,
milk, serum, tears and other secretions
from human body, and has been reported
as a biomarker for several diseases, such as
inflammatory bowel disease, Alzheimer’s
disease, and dry eye disease [22]. The present
paper describes the main procedures of
production design of polyclonal antibodies
against human lactoferrin including
immunization protocol and purification of IgG
fraction from immune rabbit serum. Then, we
addressed here if tear lactoferrin levels and
changes in polypeptide composition of this
protein could be associated with corneal injury.
To do this, we measured relative content
of target protein and analysed polypeptide
spectrum of lactoferrin immunoreactive bands
by western blot with the use of produced anti-
bodies. Proteins of blood plasma of immunized
rabbits, desolted globulin fraction and Protein
A-eluted fraction containing IgG molecules
were analysed by SDS-PAGE (Fig. 2).
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Separated proteins of serum and globulin
fraction had standard electrophoretic profile.
Lanesland6correspondtoelutionpeakofrabbit
IgG (M,,, ~ 140 kDa) collected during affinity
chromatography on Protein A-sepharose and
concentrated. Electrophoresis showed that
the eluted IgG samples contain few impurity
proteins, the relative amount of which does
not exceed 7-8% of total proteinaccording
to densitometry data. It was shown in further
experiments that these minor impurities
did not influence the immunogenicity of the
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Fig. 2. Coomassie-R250-stained electrophoregram
of serum proteins (lanes 3 and 4) of rabbits immu-
nized with lactoferrin, proteins of globulin frac-
tion (lanes 2 and 5), and protein A-purified IgG
(lanes 1 and 6) (loading 150, 50, and 10 mcg of
total protein, respectively, onto 8% SDS-PAGE).
Lane M — standard protein molecular weight
markers
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produced antibodies. Then, we performed
electrophoretic analysis of lactoferrin used
as an antigen followed by testing produced
antibodies by western blot. As shown in
Fig. 3A, denaturing gel electrophoresis
revealed intact lactoferrin polypeptide with
apparent molecular weight ~75 kDa. The same
major band was visualized by western blot
with ECL development of immunoreactive
polypeptides or their immunostaining with
chromogen substrate (DAB). However, ECL-
based detection as more sensitive approach
was able to reveal several minor polypeptides
bands with lower molecular weights (Fig. 3B),
in comparison with blot development with the
use DAB as chromogenic substrate (Fig. 3C).

This finding is in agreement with reported
evidence that the ECL system is capable of
detecting antigens even at a 20-fold increase
over chromogenic western blot development
[23]and thus is more appropriate technique for
detection of lactoferrin in biological materials.
Minor immunoreactive bands with M,,, lower
than 70 kDa may correspond to multiple forms
of lactoferrin molecules presented in biological
material or its truncated polypeptides since
lactoferrin is relatively susceptible to limited
proteolysis by various proteases including
trypsin, chymotrypsin, pepsin, subtilisin and
proteinase K [24], and even by itself owing
catalytic activity [25].

Coomassie-stained electrophoregram
of tear fluid proteins showed significant
difference in protein profile between samples
obtained from control individuals and patients
with corneal injury (Fig. 4).

Comparison of the band profile of
control and patient’s tear samples showed
a characteristic difference in intensity of
two major bands, with apparent M,, 70 kDa,
which corresponds to lactoferrin, and
55 kDa, which corresponds to human serum
albumin. It is obviously seen that tear fluid

C
1.0 2.5 (mcg) M 05 1.0 2.5 (mcg)
250
130

95
2| - -

55

Fig. 3. Electrophoregram of lactoferrin (A4) and its western blot analysis with ECL detection (B) or staining
with chromogenic substrate (C)
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Fig. 4. Typical example of the band profile in tear
fluid samples obtained from healthy person (1)
and patient with corneal non-penetrating trauma (2)
(SDS-PAGE data, loading 50 mcg of total protein
per track, LF — lactoferrin, HSA — human serum
albumin)

collected from intact eye contains higher
levels of lactoferrin than samples obtained
from traumatic eye, whereas in patients with
corneal wounds, albumin level appeared to be
increased in comparison with healthy persons.
The high albumin level in patient’s samples
might be a result of a leakage of albumin from
the inflamed conjunctival capillaries since
albumin is a plasma-derived protein.

In order to detect lactoferrin in tear
samples and evaluate differences in lactoferrin
content between healthy persons and patients
with corneal injuries, we used IgG fraction
purified from rabbit immune serum in western
blot analysis (Fig. 5). As seen in Fig. 5A4, all
tear samples of control persons contain major
intact lactoferrin band with M,, ~75 kDa and
minor polypeptide of ~55 kDa, while native
lactoferrin polypeptide is contained in less
number of patient’s tear fluid.

Moreover, in addition with decreased level
of lactoferrin, all tear film samples of patients
with corneal injury contains well-developed
band with M, 30 kDa, which correspond of
product of lactoferrin proteolytic degradation.
It is also observed that several patient’s
tear samples contain high molecular weight
immunoreactive bands, which may reflect
ability of lactoferrin to form complexes with
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other proteins. This observation is in line
with earlier published evidence that showed
lactoferrin to bind other proteins including
IgA, secretory components, albumin, and
lysozyme, and thus it may be present in
various forms in the tear film [1]. For example,
human lactoferrin has been previously shown
to form both in vitro and in vivo a complex
with ceruloplasmin, the copper-containing
protein of human plasma, which is present
in the tear fluid in increased amounts during
corneal inflammation [26, 27]. Densitometry
analysis of 75-kDa lactoferrin band showed
3.2-fold decrease in the level of lactoferrin in
the tear fluid samples obtained from patients
with non-penetrating corneal trauma as
compared with samples collected from healthy
persons (P < 0.05) (Fig. 5B). These results of
quantitative analysis of lactoferrin content
may have clinical application and relevance to
ophthalmic traumatology, although further
testing of produced antibodies on the larger
sized samples is required.

Tear fluid is a complex mixture of proteins,
lipids, mucins, water and salts, and a recent
study has identified more than 3,000 proteins
in human tear samples by proteomic analysis
[28], making them more complex (as a body
fluid) than serum or plasma. Lactoferrin, also
known as lactotransferrin, first isolated from
milk (lacto + ferric = milk + iron) is a non-
heme iron-binding protein belonging to the
transferrin family. It has been estimated that
a glass of cow’s milk contains about 25-75 mg
of this protein [2]. Lactoferrin is one of the
main proteins in the tear fluid representing
25% of total tear proteins. Lactoferrin can
occur as a holo-protein, which consists of
a single polypeptide chain folded into two
globular lobes, each with one binding site
for iron and apo-protein with less than 5%
iron saturation, which is more susceptible to
proteolysis due to its molecular conformation
that is characterized by lobes that are
more ‘open’. Lactoferrin performs several
biological functions, including antimicrobial
and immunomodulatory activities. Thanks
to its multifunctional protective character,
this glycoprotein is ubiquitous and it is
present in different mucosal secretions such
as tears, saliva, milk, and nasal secretions,
among others. Lactoferrin found in most
secretions is almost entirely as an apo-
form and thus has the ability to tightly
bind any free iron and effectively compete
with bacteria for this essential cofactor [4].
Besides, lactoferrin displays broad-spectrum
antiviral activity both in vitro and in vivo.
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Fig. 5. Detection of lactoferrin in samples of the tear fluid by western blot (4) and the results
of its densitometry analysis (B) (a.u. — arbitrary units)

In vitro results demonstrate that lactoferrin
inhibits respiratory syncytial virus, influenza
A virus (H3N2, H1N1, H3N2), as well as
avian influenza A virus (H5N1), rotavirus,
adenovirus, poliovirus, echovirus, herpes
simplex virus (HSV-1, HSV-2), and other
viruses. Orally administered bovinelactoferrin
has been shown to improve the severity of viral
infections including rotavirus and norovirus
[14, 29]. Lactoferrinisable tobind toreceptors,
such as angiotensin-converting enzyme 2
(ACE2) and heparan sulfate proteoglycans
(HSPGs), used by SARS-CoV-2 virus as an
anchor sites in the cell membrane and thus
inhibits the adsorption of the pathogen to the
cell. In addition, lactoferrin is able to block
the pathogen’s surface receptors and prevent
it from binding to the target cell [30]. It has
been established that lactoferrin has not only
strong in vitro efficacy against SARS-CoV-2,
but also alleviates ocular manifestations of
Covid-19[10, 31].

Numerous earlier publications have
reported a significant correlation between low
levels of tear lactoferrin and the development
of some ocular diseases such as dry eye
disease, chronic meibomitis, and keratokonus
in comparison with healthy subjects [32, 33].
Therefore, the level of lactoferrin in tears
of patients with various ocular diseases has
great potential to be considered as a valuable
biomarker for determining, diagnosis, and
prognosis of ophtalmo-pathological condition
development. Other studies have also reported
reduced lactoferrin tear levels with increased
age and in certain diseases such as Sjgren
syndrome (an autoimmune disease of the

lacrimal gland), idiopathic dry eye, myotonic
muscular dystrophy, vernal conjunctivitis,
contact lens-induced giant papillary
conjunctivitis, trachoma, herpes simplex
keratitis, chronic irritative conjunctivitis
keratocon-junctivitis sicca, ocular pemphigoid
when it occurs concomitantly with dry eye,
patients suffering cutaneous pemphigus and
clinical dry eye with a marked keratopathy,
post-operative cataract surgery, asymptomatic
HIV-positive patients, in patients with chronic
hepatitis C, and patients suffering Type 2
reactions in leprosy [reviewed in 34].

In general, patients with ocular diseases
seem to have lower levels of lactoferrin
compared with healthy subjects that is in
complete agreement with our results, which
indicate significantly decreased lactoferrin
contentin the tear fluid of patients with corneal
injuries. Alongwithquantitativecomparisonof
lactoferrin tear levels between healthy persons
and patients with ocular diseases, differences
in its polypeptide heterogeneity analysed
by western blot may represent additional
diagnostic indices. Many methods have been
developed to detect lactoferrin levels during
the last decades and different techniques have
been used to measure concentration of this
protein in tears, such as gel electrophoresis,
high-performance liquid chromatography
(HPLC), mass spectrometry, enzyme-linked
immunosorbent assay (ELISA), or diagnostic
test kits [85]. We highlight here that western
blot analysis of lactoferrin in the tear fluid
with the use of produced polyclonal antibodies
allows performing quantitative comparison of
lactoferrin levels between healthy individuals
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and patients with traumatic ocular pathologies,
as well as detecting differences in polypeptide
composition of the studied protein in the tear
samples.

Conclusion

Applicability of the produced and tested
antibodies against human lactoferrin in
diagnostics of ophthalmic pathology (non-
penetrating corneal wound) has been clearly
demonstrated. We suggest that reduced
lactoferrin concentration might represent a
potential diagnostic biomarker for diagnosis
of ocular diseases including non-penetrating
corneal injury in a simple and non-invasive
way, thanks to the accessibility of tears and
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OTPUMAHHSI AHTUTLI 0 IAKTO®EPUHY TA IXHE BUKOPUCTAHHA
B AHAJII3I CJISHOI PITUHU Y HOPMI TA 3A IIOIMKOJSREHHA POTIBEA

A. Tuxomupos®, 0. FOcosa®, JI. Kanycmane, rcol, B. Biaoyct, T. ,leo6ombrc01,
I. l'aspunax?, H. I'peGenv”, Mo, A. Az0nca®
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JlakTodepuH € MyJIbTUDYHKIIIOHATIBHUM IIPOTEIHOM, II[0 CUHTE3YEThCA PiSHUMY TKAHMHAMU OPTaHiZMy
Ta BOJIOJi€ aHTMMIKPOOHOIO Ta iMyHOMOYJIATOPHOIO aKTUBHICTIO. JJaKkTO(epuH Bifirpae mpoBigHY POJIBL ¥
OigTprMaHHI HOpMaJabHOTO (DYHKI[IOHYBAaHHSA OKa.

Memow pobGoTu OyJa0 OAep:KaTH IIOJiKJOHAJIBHI aHTHUTiIa O JAKTOQEPUHY JIOAUHK I IXHBOTO
BUKOPKUCTAHHS y BU3HAUEHHI BMicTy JIaKTO(EPUHY B CJi3HINA pigmHi, oTpmMaHOl 3a HOPMHU Ta 3 OUeil 3
VIIKOAKEHOI0 POTiBKOIO.

Mamepiaau ma memodu. @paxiito imynornobyninie G (IgG) 6yso BumiseHO 3 CHUPOBATKU KPOBIi
KpoJiiB, iMyHiZOBaHUX JaKTOMepUHOM, 3a momoMororo adinuoi xpomarorpadii Ha mporeirn A-cedaposi.
CTyniHb YMCTOTH IPOTEIHY Ha KOMKHIN cTamii OUMIeHHs IepeBipAIn 3a JOTOMOTOIO JeHATYPYIOUOTO TeIb-
enexTpodopesdy (SDS-PAGE). PosnisHaBaHHS I1iJTbOBOTO aHTUTEHY OTPUMAHNMU AHTUTIJIaMU OI[i HIOBAJIV 34
IIOIIOMOI'0I0 BECTEPH-0JI0T aHAIi3y 3 BUKOPUCTAHHAM po3unny (ppakiii IgG. Pisensb jakToepuy B Cais3Hii
piguHi, oTpuMaHOi i3 3M0poBOTO0 OKa (72 = 4) Ta 3 OKa MaI[iEHTiB 3 HEIPOHUKAIOUNM IIOIITKOKEeHHAM POTiBKU
(n = 6) BU3BHaUaI iMyHOXiMiUHO 3 BUKOPUCTAaHHAM OTPUMAaHUX aHTUTiJI. Pe3ysbTaTy BUBHAUEHHA BMiCTY
JaKTO(epUHY B CJIb031 32 YMOB HOPMU Ta 3a TPAaBMYBaHHS POTiBKU aHaJi3yBaJi 3 BUKopucTanHaM U-TecTy
Manna-¥Yitai. MisKrpymnoBa pisHUIS BBasKasiacda CTATUCTUYHO HocTOBipHOIO 3a P < 0,05.

Pesyavmamu. Aarurina no naxkrodepuny aoanau y Buraani dparnii IgG 6yno Buginerno Ha nmporein
A-cedaposi 3 cupoBaTKM KpPoBi iMyHizoBaHUX KpoJiiB. BecTepH-010T aHarisom 6yJj10 IMoKa3aHo, 1110 OTPIMAaHL
aHTUTiJIa POBIi3HAIOTH BiATIOBiAHUI aHTUTeH AK 30HY 75 Klla, AKa BiATIOBifae 3a MOJEKYJIAPHOIO Maco0
iHTaKTHOMY moJlinenTuny JakTodepuny JioguHau. Ta K caMa moJinentuHa 30Ha OyJia BUSHaAUE€HA BECTEPH-
6JI0TOM 3 TiACUJIEHOK XeMiJIIOMiHiICIIEHTHOIO JEeTeKIi€l0 yV 3pasKax CJai3Hol pigmau. [eHCHUTOMETPUUHUHI
aHajid moainentuny 75 klla yMOKINBUB BCTAHOBUTH, IIT0 BMiCT JJaKTO(EPUHY B CJIH0O3i, 310paHoi B TaIlieHTiB
3 HENIPOHMKAIUMMM TPaBMaMU POTiBKU € y 3,2 pas3W HUIKYUM 3a el mokasHuk y Hopmi (P < 0,05).
Kpim Toro, ciisHa pigmHa marmieHTiB 3 MOMIKOMMKEHHAMN POTiBKU Y 3HAYHUX KiJBKOCTAX MiCTUJIA TAKOMK
iMyHOpeaKTHBHI IPOAYKTHU PO3IIEIIEHHA JJAKTODEPUHY, a TAKOK BUCOKOMOJIEKYJIAPHI MOJinenTuau, aKi
MOXKYTh BiATIOBiaTM KOMILJIEKCAM JIAKTO(DEPUHY 3 iIHIMUMU IIPOTEIHAMU, IO YTBOPIOITHCA 32 PO3BUTKY
3amnajJbHUX IPOIECiB.

BucHosku. 3rijHO 3 HaBeIeHUMHU TaHUMMU, OTPUMAHI aHTHUTiIa A0 JaKTOGEepUHY MOKYTh OyTH
BUKOPUCTAHI IK KOPUCHUM IHCTPYMEHT [IJIS CTBOPEHHSA YAOCKOHAJNIEHUX TECTiB Ta MiAXO0iB Mg JiarHOCTUKA
OYHUX XBOPOO, IIOB’A3aHUX 3 VIIKOIKEHHAM POTiBKU. SHUKEHHSA BMICTY JIaKTO(GEPUHY MOKe CIyryBaTU
MPOTHOCTUYHUM OioMapKepoM Iepebiry paHOBOTO IIPOIeCY B OIli, 30KpeMa, 3a HEIPOHUKAIOUUX TPaBM
POTiBKU, Ta € 3pYYHUM 10 BU3HAUEHHA B IPOCTUI Ta HeiHBasiiiHMiI cmiocio.

Knarouwosi cnosa: naxtopeprH; aHTUTLIA; BECTePH OJIOT aHAJII3; TPABMU POTiBKM; CJOidHA pigmHA.
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Intravascular thrombosis is one of the main causes of mortality in the working-age population of the
world. There are no antithrombotic drugs that act directly on the final stage of thrombosis — fibrin
polymerization. However, a new compound of the calix[4]arene series, calix[4]arene C-145, which direct-
ly interacts with the fibrin polymerization site ‘A-knob’ thus blocking formation of polymeric fibrin and
preventing thrombosis.

So, the purpose of this work was to study the calix[4]arene C-145 series as antithrombotic agents in
vivo using different animals and types of administration.

Materials and methods. Laboratory animals (rats, mice and rabbits) were used for C-145 testing in
vivo. Activated partial thromboplastin time and platelet aggregation were measured to determine the
anticoagulant action after intravenous or per os administration.

Results. Per os way of administration was selected as the optimal one. We showed the substantial
prolongation of clotting time in APTT test that was observed starting from the 2nd hour after the per os
administration, reached the maximum on 6th hour and eliminated in 24 hours. The effect of C-145 on
platelets reached maximum on 4—6 hours and eliminated in 12 hours.

Conclusions. C-145 was proven to be prospective antithrombotic drug that can be administered per os.
Further investigations must be focused on the study of C-145 pharmacodynamics and metabolism. Such
data would allow fast implementation of the tested compound into practice.

Key words: calix[4]arene, blood plasma, platelets, thrombosis, blood coagulation, noncovalent

complex.

Intravascular thrombosis is one of the
main causes of mortality in the working-age
population of the world. It consists in the
formation of fibrin-platelet thrombus, which
blocks the lumen of the vessel, preventing
blood supply to tissues and organs and
causing severe pathologies such as myocardial
infarction, thrombotic brain stroke, pulmonary
embolism, etc.

Therefore, the search for ways to effectively
prevent thrombus formation in the vessel is
an important issue of modern medicine and
biochemistry. The antithrombotic drugs are
used for rapid and controlled inhibition of the
process of activation of the blood coagulation
system. According to the direction of action
there are anticoagulants, inhibiting blood

clotting at different stages, and fibrinolytics,
aimed at accelerating the destruction of the
fibrin clot (t-PA, streptokinase, urokinase).
The most common among anticoagulants are
acting directly on thrombin (dabigatran),
factor Xa (rivaraxaban), factors VIIIa
and V (drotrekogin), blocking the blood
coagulation cascade at the stages of activation
of factor X, prothrombin or conversion of
fibrinogen to fibrin. A separate class of
compounds that block the formation of fibrin-
platelet thrombus are platelet aggregation
inhibitors [1].

As of today, there are no antithrombotic
drugs that act on the final stage of thrombosis,
that is fibrin polymerization. As a direct
inhibitor of fibrin polymerization, silver
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nanoparticles or inhibitor peptides (in
particular, GPRP) conjugated with albumin
have been proposed. No such agents have
passed preclinical trials [2].

A new compound of the calix[4]arene
series [3] created at the Institute of Organic
Chemistry of the National Academy of Sciences
of Ukraine, calix[4]arene C-145, which directly
interacts with the fibrin polymerization site
‘A-knob’ due to its hydrophobic cup, was
characterized in the Palladin Institute of
Biochemistry of the National Academy of
Sciences of Ukraine [4]. Therefore, calix[4]
arene C-145 directly inhibits the formation
of fibrin protofibrils (IC5;, = 2.5x107%),
preventing the formation of polymeric fibrin
[56]. Its efficacy both in vitro and in vivo has
been shown [6].

This work was aimed to the study of the
calix[4]arene C-145 series as antithrombotic
agents in vivo using different animals and
types of administration.

Materials and Methods

Materials. Chemicals: APTT (activated
partial thromboplastin time) reagent and
CaCl, solution were purchased from Siemens
(Germany), ADP was purchased from Sigma-
Aldrich (USA).

Calix[4]arene C-145 was syntesized by
the reaction of tetraformylcalixarene with
sodium salt of diisopropylphosphite with
formation of tetrakisbisphosphonate, which
after subsequent dealkylation due to treatment
with trimetylbromosilane and methanol gives
C-192 and its sodium salt C-145 [7]. Sample
of calix[4]arene C-145 was kindly provided
by Institute of Organic Chemistry of National
Academy of Sciences of Ukraine. It was
dissolved in 0.9% NaCl solution.

Animal keeping. Male Wistar rats (170 =4 g,
n = 60) and Balb mice (30 =1 g, n = 30) were
kept in the animal house of Palladin Institute
of biochemistry of NAS of Ukraine. The
animals were kept in standard cages (5 animals
in each cage) under controlled conditions
(22 °C = 2, 12-h/12-h light/dark cycle) with
unlimited access to drinking water and food.
Outbreed male rabbits (3.5 = 0.5 g, n = 9)
were kept in the animal house of Bila Tserkva
National Agrarian University on a standard
diet. This study was carried out with the
approval of animal care and use committee of
the Palladin Institute of Biochemistry of NAS
of Ukraine (Protocol #10/11-2019).

Administration of calix[4]arene C-145.
Solution of C-145 was administered per os to
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mice (in a volume of 0.1 ml) and to rats (in a
volume of 0.5 ml). Solution of C-145 was also
injected into the rat’s lateral tail vein and into
rabbit’s marginal vein of the ear. The dosage
was standard in all experiments (12 mg/kg).

Blood sampling. Samples of rat or mice
blood were collected by heart puncture.
Pentobarbital (Nembutal) anesthesia
(dosage was 50 mg/kg of body weight)
was used intraperitoneally according to
ethical standards and principles. A 3.8 %
sodium citrate solution was added to the
blood samples immediately after collection.
Animals were decapitated immediately after
blood collection still being under anesthesia.
Rabbit blood samples were collected using
Wenflon catheter (Becton Dickinson, USA),
G22 (0.8 mm). 3.8 % Sodium Citrate added
immediately after collection to whole blood in
1:9 ratio was used as an anticoagulant.

Blood plasma preparation. Platelet rich
plasma (PRP) was prepared by centrifuging
blood at 160 g for 20 min at 25 °C. Platelets
were spun-down at 300 g for 15 min at 25 °C
for obtaining of platelet poor plasma (PPP).
PRP was analyzed immediately after
collection. PPP was fresh frozen at —20 °C and
stored no longer than 2 months.

Activated partial thromboplastin time.
Activated partial thromboplastin time (APTT)
was performed according to the following
procedure. 0.1 ml of blood plasma was mixed
with an equal volume of APTT-reagent
and incubated for 3 min at 37 °C. Then the
coagulation was initiated by adding 0.1 ml of
0.025 M solution of CaCl,. Clotting time was
monitored by the Coagulometer Solar CGL-
2410 (Solar, Minsk, Belarus).

Platelet aggregation. Platelet aggregation
measurements were based on changes in the
turbidity of human PRP. Aggregation was
registered for 10 min using the Aggregometer
Solar AP2110 (Solar, Minsk, Belarus). Platelet
count was estimated using the same device.
We measured the initial rate and final level of
aggregation at 37 °C. In a typical experiment,
0.25 ml of PRP was incubated with CaCl,
(0.010 mM) activated by platelet agonist ADP
(0.012 mM) at 37 °C.

Statistical data analysis. Statistical data
analysis was performed using Microsoft
Excel. All assays were performed in series
of three replicates and the data were fitted
with standard errors using “Statistica 7”.
Results are presented as means = standard
deviation. The difference between the groups
was analyzed by one way ANOVA. Data were
considered significant when p < 0.05.
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Results and Discussion

Intravenous administration. Intravenous
administration is a useful method for drugs
that must be administered fast and are
used urgently [8]. It is also useful for initial
testing as far as this way does not depend
on metabolization and delivers drug to the
bloodstream directly [9].

In our study we applied C-145
intravenously to rabbits and rats and
determined the anticoagulant effect of the
compound using APTT test. Prolongation of
clotting time in APTT test was an evidence of
the presence of C-145 into the bloodstream.

For both rats and rabbits the anticoagulant
effect was observed 2—12 h after injection and
completely eliminated after 24 h (Fig. 1, 2).
However it was more pronounced in the case of
rats (Fig. 2).

Analyzing the rat model, we also detected
the dramatic decrease of platelet aggregation
rate after the C-145 administration (Fig. 3).
Platelet aggregation was insulted in 2 h
after C-145 injection, aggregation rate
was constantly low in 2—-12 h and remained
decreased after 24 h.

Results of APTT and platelet aggregation
testing in rats allowed us to conclude that the
used dosage was higher than it was needed for
this kind of animals. Also, the anti-platelet
effect of C-145 was undesirable. We presume
that the per os administration of C-145 would
allow to avoid this effect.

Per os administration. Administration per
os is the best way for the use of deugs of regular
administration. As non-invasive method, it
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Fig. 1. Activated partial thromboplastin time
of blood plasma clotting after intravenous (IV)
administration of C-145 to rabbits (12 mg/kg)

0 — clotting time before the C-145 administration.
2—-24 — time of clotting of blood plasma after the
C-145 administration. n=>5. * P <0.05

could be recommended the preferential method
of drug delivery [10].

Testing of per os administration of C-145
was performed on mice and rats models. We
showed the substantial prolongation of clotting
time in APTT test in the case of both species
(Fig. 4, Fig. 5).

Anticoagulant effect was observed starting
from the 2" hour after the administration,
reached the maximum on 6% hour and
eliminated in 24 hours.

Even more important finding was the
moderate effect of C-145 on platelets. In both
animal models the effect of C-145 on platelets
reached maximum on 4-6 hours and eliminated
in 12 hours (Fig. 6, 7).

Also, it should be noted that anticoagulant
effect of C-145 was too high. Actually
1.5-times prolongation of clotting time would
be enough [11]. So, we expect that C-145
dosage can be decreased substantially in the
future studies that also is an important issue
in the light of future implementation of this
antithrombotic drug.

Antithrombotic action of C-145 through
its action of fibrin was reported earlier [12].
This inhibition of fibrin polymerization occurs
as a result of direct non-covalent complex
formation of C-145 and GPRP motive of fibrin
Aoa-chain (polymerization site ‘A’-knob) [4, 5].

Important outcome of the study is the direct
demonstration of C-145 anticlotting activity
in blood plasma of animals. While its efficacy
after intravenous injection was predictable,
high effect during oral administration was a
remarkable finding. Prolongation of clotting
time of blood plasma of rats after C-145 oral
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Fig. 2. Activated partial thromboplastin time
of blood plasma clotting after intravenous (I'V)
administration of C-145 to rats (12 mg/kg)
0 — clotting time before the C-145 administration.
2—24 — time of clotting of blood plasma after the

C-145 administration. n=>5. * P <0.05
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Fig. 3. The rate of platelet aggregation after
intravenous (IV) administration of C-145 to rats
(12 mg/kg)

0 — clotting time before the C-145 administration.
2—24 — time of clotting of blood plasma after the
C-145 administration. n =5. * P <0.05
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Fig. 5. Activated partial thromboplastin time
of blood plasma clotting after per os (PO)
administration of C-145 to rats (12 mg/kg)

0 — clotting time before the C-145 administration.
2—24 — time of clotting of blood plasma after the
C-145 administration. n=5. * P <0.05

administration indicates the appearance of
active compound into the bloodstream in
unchanged active form. Observing the stable
anti-clotting effect up to 12 hours after the
administration is evidence of the continuing
presence of C-145. The normalization of
clotting time after 24 hours indicates its
clearance from the bloodstream.

In conclusion, C-145 was proven to be a
prospective antithrombotic drug that can be
administered per oral. Its anticoagulant effect
slightly differed for different animal species.
We presume that the selected concentration
(12 mg/kg) can be decreased substantially.
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Fig. 4. Activated partial thromboplastin time
of blood plasma clotting after per os (PO)
administration of C-145 to mice (12 mg/kg)

0 — clotting time before the C-145 administration.
2—24 — time of clotting of blood plasma after the
C-145 administration. n=5. * P <0.05

100 -
90 4
80 4
T0 4
60 =

50 L $ = T
40 4 T ; § 1
30'1

10 1 1 ‘$

0 2 4 6 12 24
Time from PO administration, h

#

Rate of plateletaggregatilon, %

Fig. 6. The rate of platelet aggregation after oral
administration of C-145 to mice (12 mg/kg)
0 — clotting time before the C-145 administration.
2—-24 — time of clotting of blood plasma after the
C-145 administration. n=5. * P <0.05

Also, antiplatelet effect that was observed
after C-145 administration can be minimized
by the dosage selection. Further investigations
must be concentrated on the study of C-145
pharmacodynamics and metabolization. Such
data would allow fast implementation of the
development compound into practice.
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Fig. 7. The rate of platelet aggregation after per
oral (PO) administration of C-145 to rats

(12 mg/kg)

0 — clotting time before the C-145 administration.

2—24 — time of clotting of blood plasma after the
C-145 administration. n = 5. * P <0.05

REFERENCES

.Chernyshenko V.0. Mechanisms of
intravascular and extravascular blood
clotting: fundamental studies for clinical
practice. Visn. Nac. Acad. Nauk Ukr. 2019,
4, 50-56. https://doi.org/10.15407/
visn2019.04.050

. Chernyshenko V. O, Lugovska N. E. Molecular
mechanisms of intravascular inhibition and
stimulation of extravascular thrombosis.
Biotechnologia Acta. 2021, 14(6), pp. 5—22.
https://doi.org/10.15407 /biotech14.06.005

.AsfariM.Z., BohmerV., Harrowfield J., Vicens J.
(eds). Calixarenes 2001. Kluwer academic
Publishers. 2001, 3—684.

.Komisarenko S. V., Kosterin S. O., Lugovs-
koy E.V., Kalchenko V. I. Calixarene methylene
bisphosphonic acids as promising effectors of
biochemical processes. Ukr. Biochem. J. 2013,
85(6), 106—128. http://dx.doi.org/10.15407/
ubj85.06.106

. Lugovskoy E. V., Gritsenko P. G., Koshel T. A.,
Koliesnik I O., Cherenok S. O., Kalchenko O. I,
Kalchenko V. I., Komisarenko S. V. Calix[4]
arene methylenebisphosphonic acids as
inhibitors of fibrin polymerization. FEBS
J. 2011, 278(8), 1244-51. https://doi.
org/10.1111/j.1742-4658.2011.08045.x

. ChernyshenkoV.O., Korolova D. S., Dosenko V. E.,
Pashevin D. O., Kalchenko V. I., Pirogova L. V.,
Chernyshenko T. M., Lugovska O. E.,
Kravchenko N. A., Makogonenko Y. M.,
Lugovskoy E. V., Komisarenko S. V. Calix[4]
arene C-145 Effects on Plasma Haemostasis.
Pharmaceutica Analytica Acta. 2015, 6(8), 1-5.
https://doi.org/10.4172/2153-2435.1000406

Kalchenko V. I.

Acknowledgement
Authors cordially acknowledge Prof.
(Institute of Organic

chemistry of the National Academy of Sciences

of
sa

Ukraine) for providing the calix[4[arene
mples and Prof. Rublenko M. V. (National

Agrarian University. Bila Tserkva, Ukraine)
for his help with rabbit studies. Authors also

th
In
fo
pr

ank to Dr. Chernyshenko V.O. (Palladin
stitute of biochemistry of NAS of Ukraine)
r his supervising and guidance in the
eparation of the manuscript.

.Rodik R. V., Boyko V. I., Kalchenko V. I.

Calixarenes in bio-medical researches. Cur-
rent Medicinal Chemistry. 2009, 16(13),

1630-1655. https://doi.org/10.2174/
092986709788186219
.Bansal S, Sangha KS, Khatri P. Drug

treatment of acute ischemic stroke. Am
J Cardiovasc Drugs. 2013, 13(1), 57-69.
https://doi.org/10.1007/s40256-013-0007-6.

9.Alsenaidy M.A., Kazi M., Ahmad M.Z.

10

11.

12.

Advances in Oral Drug Delivery. Sec. Trans-
lational Pharmacology. 2021, 12, 618411.
https://doi.org/10.3389/fphar.2021.618411
.Homayun B., Lin X., Choi H.J. Challenges
and Recent Progress in Oral Drug
Delivery Systems for Biopharmaceuticals.
Pharmaceutics. 2019, 11(3), 29. https://doi.
org/10.3390/pharmaceutics11030129.
Hartmann S., Biliouris K., Lesko L.J., Nowak-
Gottl U., Trame M.N. Quantitative Systems
Pharmacology Model-Based Predictions of
Clinical Endpoints to Optimize Warfarin
and Rivaroxaban Anti-Thrombosis Therapy.
Front Pharmacol. 2020, 14(11), 1041.
https://doi.org/10.3389/fphar.2020.01041.
Chernyshenko V., Pirogova L., Didkivskyi V.,
Cherenok S., Dosenko V., Pashevin D.,
Kalchenko V., Makogonenko E., Lugovskoy E.
Effects of calix[4]arene C-145 on overall
haemostatic potential of blood plasma in
vitro and in vivo. Journal of International
Research in Medical and Pharmaceutical
Sciences. 2016. 10(3), 146—-151.

45



BIOTECHNOLOGIA ACTA, V. 15, No 5, 2022
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BryTpinmabocyuHHI TPOMO03U € OHI€I0 3 OCHOBHUX IPUYNH CMEPTHOCTI IIpare3faTHOTO HaceJIeHH S
cBiTy. AHTUTPOMOOTHUYHHNX IIPelapaTiB, M0 BILINBAIOTh 0e3II0cepeIHbO Ha KiHIeBY cTafiio TpomMbo3y —
noJsrimepusariio Gpi6bpuHy, Hapasi He cTBopeHOo. OgHAKO paHilie 6yJi0 OIMCaHO HOBY CIOJYKY Kajaikc[4]
apeHOBOro pAnxy — kKaJjikc[4]apen C-145, axa GesmocepeqHbO B3a€MOMi€ 3 IIEHTPOM HOJiMepu3aIrii
Gidopuny «A».

Orxe, memoro 11iei podboTu 6yJio BuBUeHHA Kamikc[4]apery C-145 aK aHTUTPOMOOTHUUHOTO areHTy in LivO
3 BUKOPUCTAHHAM PiSHUX BUAIB TBapWH i cr1oco0iB BBEeIEHHA.

Mamepiaau ma memodu. Hduas gociim:xenns KaJuaikc[4]aperny C-145 in vivo BUKOPHUCTOBYBAJIU
amabopaTopHUX TBapuH (HIypiB, Muire# i Kposukrip). aa BU3HAUEeHHA aHTUKOATYJIAHTHOI Aaii
micasa BHYTPIilIHbOBEHHOTO ab0 mepopasbHOTO0 BBeJeHHS BUMIpOBaJW AKTUBOBAHUI YaCTKOBUI
TPOMOOILIACTUHOBU Yac i arperaiito TpOMOOIIUTIB.

Pesyavmamu. OntTumanbHEUM OYB BU3HAUeHUI HepopasbHUil crmoci6 3acrocyBamuA. I[lokasano
3HaUYHe MOJOBIKEHHs uacy 3ropraHHa B Tecti AUTY, ake cmocrTepiramocsa, mounHamouu 3 2-1 TOAUHNI
micjasa mepopaabHOTO IPUHOMY, JOCATANIO MAKCUMYMYy Ha 6-if TOAUWHI Ta MpuInHSIaca yepes 24 roquHul.
Hia ramirc[4]apeny C-145 Ha TpoMOOIIUTH JocArasa MaKCUMymy depes 4—6 ronus i npunuuaiaca yepes
12 roguH.

Bucnosku. Bynao moBemeno, mo kKajdikc[4]apen C-145 € mepcrmeKTUBHUM aAHTUTPOMOOTHUHUM
mpemnapaToM, AKUH MOKHA BBOAUTH MepopanbHo. [loganbIini focaimjkeHHa MaloTh OYyTH 30cepesKeHi Ha
BUBUEHHI (papMakommHaMiku Ta meraboaismy kamaikc[4]apeny C-145. Taki gani moTpibHi maa akomora
IIBUAKOrO BIIPOBAYKEHHSI CTBOPEHO KOMILIEKCY Ha IPaKTHII.

Knwouosi crosa: xanikc[4]apen; mia3ma KpoBi; TPOMOOIIUTH; TPOMO03; 3TOPTAHHA KPOBi; HEKOBAJIEHT-
HUU KOMILJIEKC.
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Studies have shown that pain relieving medications may be neuroprotective. Ocimum gratissimum
Linn. that is widely used in traditional medicine for debility and many other illnesses neuropharmaco-
logically related has not been fully explored.

Aim. This study was designed to investigate the safety of intake, neurobehavioral and analgesic
effects of the Essential Oil of Ocimum gratissimum Linn leaves (EOOG) in mice.

Methods. Acute toxicity of EOOG was determined following standard method while the neurobeha-
vioural properties were assessed using the open field for Novelty-Induced Rearing (NIR), Novelty-
Induced Grooming (NIG) and locomotor activity in mice. The hole board apparatus was used for the fre-
quency of head dips. The Y-maze was used for short- working memory. Mechanistic studies were
conducted with Atropine (muscarinic blocker, 0.5 mg/kg), Propanolol (non-selective B-adrenoceptor
blocker, 0.2 mg/kg), Haloperidol (dopamine receptor blocker, 0.2 mg/kg), Cyproheptadine (Serotoninergic
antagonist, 0.5 mg/kg) and Yohimbine (-5 adrenergic blocker, 1 mg/kg). The analgesic activity of
Ocimum gratissimum was investigated using acetic acid writhing test and thermally-induced pain.

Results. The median lethal dose (LDy,) of Ocimum gratissimum was 2449 mg/kg. The EOOG signifi-
cantly reduced novelty-induced behaviour in a dose-dependent manner. The exploratory activity of ani-
mals treated with the EOOG was observed to decrease non-dose dependently with the highest dose
(40 mg/kg) showing no activity on the hole board apparatus. The EOOG produced a significant reduction
in locomotor activity in all the doses in a non-dose dependent manner but at the lowest dose. In the
Y-maze, EOOG did not produce any significant effect on working memory as the percentage alternation
produced was not significantly different from the control. The EOOG in hot plate analgesic assay showed
increased reaction time suggesting central nervous system analgesic property.

Conclusions. The results of the investigation showed that EOOG might possess sedative properties due
to its ability to inhibit NIR and NIG, head dips, and locomotor activity. Furthermore, the inhibition of
nociception marked in this research advocates antinociceptive activity which might be through the
peripheral or central opioid receptor.

Key words: Ocimum gratissimum; neuroprotective; pain; sedative; medicinal plants.

Central Nervous System (CNS) diseases
are complex, with multiple symptoms, like the
negative symptoms of Schizophrenia, which
tend to be resistant to treatment. Furthermore,
the complexity of the brain and its neuronal
pathways result in a significant risk of side
effects, even when the most-biochemically
selective agent is administered. The lack of

disease-modifying treatments for CNS diseases
represents a very significant unmet medical
need, and of a high priority. These failures
of synthetic drugs and their side effects have
necessitated looking into ancient healing
methods for alternatives [1].

Pain causes a lot of suffering and
discomfort to the victims, lowering the quality
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of life and therefore needs to be carefully
managed. To suppress pain, non-steroidal
anti-inflammatory drugs (NSAIDs) are
mostly prescribed [2, 3]. For severe or chronic
malignant pain, opioid analgesics are drugs of
choice[4]. However, due to adverse side effects
like gastric lesions, caused by NSAIDs and
tolerance and dependence induced by opiates,
the use of these drugs as analgesic agents have
not been successful in all cases. Therefore,
analgesic drugs lacking those effects are being
searched all over the world as alternatives to
NSAIDs and opiates.

Many of the thousands of plant species
growing throughout the world have a direct
pharmacological action on the body [5],
and many native African plants are rich in
medicinal properties that are well documented
in folkloric medicine as a potential source for
novel compounds with beneficial therapeutic
effects and fewer side effects being natural
products. However, we must not assume that
since a plant has been used for thousands of
years, it is therefore safe and truly effective
for its claimed indications, thus, they must
be scientifically investigated [6]. Ocimum
gratissimum Linn. is a native African plant
widely used in traditional medicine for
health and healings. Pre-clinical studies
of brain injuries in experimental rodent
animal models have shown neurobehavioral
and neurodegenerative abnormalities [7].
Currently, there are only a few literature
available for neuropharmacological profile of
Ocimum gratissimum leaf. Thus, this study
aimed to evaluate the safety of consumption,
neurobehavioral and analgesic effect of
essential oil of Ocimum gratissimum leaf
(EOOG) in mice.

Material and Methods

Toxicity Assay

The method described by OECD (2002)
was used to determine the LD;,, which is the
index of acute toxicity. Male Swiss Albino
mice (20-25 g) were used. This method
involved an initial dose-finding procedure,
in which the animals were divided into three
groups of five animals. Doses of 10, 100, and
1000 mg/kg were administered intra-
peritoneally (i.p.) for each mouse per group.
The treated animals were monitored for
24 hours for mortality and general behaviour.
Likewise, four different doses of (500, 1000,
2000, and 3000 mg/kg) were chosen and
administered intra-peritoneally respectively
to four groups of one mouse per group. The
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treated animals were monitored for 24 hours.
The LD;, was then calculated as the geometric
mean of the highest dose showing no death and
the lowest dose showing death.

Novelty-induced rearing (NIR) and
grooming (NIG ) in mice

The behavioural parameters employed in
this observational analysis were rearing and
grooming [8, 9]. The frequency of rearing
and grooming episode was quantified using
a manual counter and a stopwatch. The total
frequency was summed up for each animal for
30 minutes of observation time. Rearing was
taken as the number of times the mouse stood
on its hind limbs or with its forelimbs against
the wall of the observation cage or in the free
air. Grooming was taken as the number of body
cleaning with paws, picking of the body, and
pubis with mouth and face washing actions.

Exploratory behaviour on hole-board
apparatus

The effect of the EOOG on the frequency
of head dipping was determined in the hole-
board with 16 equidistant holes in the floor
through which the animal can poke its head.
The test is a measure of exploratory behavior
that reveals the sedative activity of agents.
Thirty animals were divided into six groups
(n = 5). Group 1 was given distilled water
(10 mL/kg, i.p), while group 2-5 received
EOOG (5, 10, 20, and 40 mg/kg, i.p.)
respectively and group 6 received Diazepam
(2 mg/kg). The animals were placed on top of
the wooden board 30 minutes after treatment
administration. The number of times that
each animal dipped its head into the holes was
counted for 5 min [10].

Locomotor activity in the open field

Motor activity was measured in an open
field apparatus consisting of a white Plexiglas
box (28 x 28 x 25 cm) with a painted black
grid dividing the floor into 16 (7x7 cm) equal
squares. The animals were divided into six
groups (n = 5). Group 1 was given the vehicle
(10 mL/kg distilled water), while group 2-5
received EOOG (5, 10, 20, and 40 mg/kg, i.p),
respectively and group 6 received Diazepam
(2 mg/kg). Thirty minutes after a single
intraperitoneal (i.p.) injection of EOOG or
standard drug, the animals were placed singly
in the center of the box; the number of squares
crossed with all four paws was counted for
5 min. The cage was cleaned with 70% ethanol
at a 5-minute interval when the animal was
removed [11].
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Y-maze test

The animals were divided into six groups
(n = 5). Group 1 was given distilled water
(10 mL/kg, i.p), group 2 - 5 received EOOG
(5, 10, 20, and 40 mg/kg, i.p) respectively,
and group 6 received diazepam (2 mg/kg),
all administered 30 minutes before the
observation. Each mouse was placed in one
of the arm compartments usually arm A for
consistency and was allowed to move freely
through the maze, and the series of arm
entries were recorded for 5 min. An arm entry
is defined as the body of a mouse (except for
its tail) completely entering into an arm
compartment and the sequence of arm entries
ismanually recorded. An alternation is defined
as an entry into all three arms on consecutive
devices. The alternation behavior was defined
by the successful entry into the three arms, an
overlapping triplet sets, and such behaviour
(in percentage) was expressed as the ratio of
actual alternations to possible alternation
(defined as the total number of arm entries
minus two) multiplied by 100. Seventy percent
(70% ) ethanol was used to clean the Y-maze at
intervals [12].

Mechanistic Studies

Mice were pre-treated (intraperitoneally)
with neurotransmitter blockers 15 min
before administration of EOOG (10 mg/kg
i.p) to evaluate the possible mode of actions
of the extracts on novelty-induced rearing
behaviours in mice. The following transmitter
receptor blockers were used: Atropine
(muscarinic blocker, 0.5 mg/kg), Propanolol
(non-selective -adrenoceptor blocker,
0.2 mg/kg), Haloperidol (dopamine receptor
blocker, 0.2 mg/kg), Cyproheptadine
(Serotoninergic antagonist, 0.5 mg/kg) and
Yohimbine (a, -adrenergic blocker, 1 mg/kg)
[30].

Acetic Acid-Induced Writhing Test

The method described by [14] was
employed. Acetic acid (0.7%) was injected
intra-peritoneally and the animal was observed
for a specific contraction of the body referred
to as writhing. A comparison of writhing was
made between positive control (Diclofenac),
control, and test sample, given orally
30 minutes before acetic acid injection. Each
experimental group consisted of five mice. The
animals were divided into five groups, Group 1
received distilled water (10 mL/kg, i.p), Group
2—4 received EOOG (2.5, 5, and 10 mg/kg, i.p)
respectively while group 5 received Diclofenac

(2 mg/kg).

Hot Plate Latency Assay

The method described by [15] as modified
by [16] was used for this study. Animals
were divided into five experimental groups
consisting of five mice each: control (10 mL/kg
distilled water, ip.), EOOG (2.5, 5, and
10 mg/kg, i.p.), and pethidine (10 mg kg,
i.p.). Animals were fasted for 12 hours with
adequate clean water provided ad libitum.
Each of the mice was placed on a hot plate
maintained at the temperature of 55 =1 °C and
the Pain Reaction Time (PRT) or latency period
determined with a stopwatch was recorded
which represents the time taken for the mice
to react to the pain stimulus. The response to
pain stimulus considered included; jumping,
raising, and licking of the hind foot. The cut
off time was fixed for 20 s.

Results and Discussion

The Essential Oil of Ocimum graissimum
(EOOG) leaves did not produce any sign of
toxicity until the intra-peritoneal dose of
3000 mg/kg. The median lethal dose (LDj,)
of EOOG in mice was found to be 2449 mg/
kg (i.p.) body weight. The administration of
EOOG (5-40 mg/kg, i.p.) reduced novelty
induced rearing in mice. A significant
[F (5, 24) = 4.85, P < 0.001] reduction in the
frequency of rearing episodes was observed at
doses 5 mg/kg and 10 mg/kg when compared
to the vehicle (Fig. 1). However, EOOG doses
showed significant differences (P < 0.05) in
the depression of novelty induced rearing,
compared to the reference drug (Diazepam,
2 mg/kg).

The administration of EOOG (5—40 mg/kg,
i.p.) reduced novelty induced rearing in mice.
A significant [F (5, 24) = 4.051, P < 0.001]
reduction in the frequency of grooming
episodes was observed at doses 5 mg/kg and
10 mg/kg when compared to the vehicle
(Fig. 2). Also the studied plant (5—-40 mg/
kg, ipp.) showed a significant reduction [F
(5, 24) = 137.7, P < 0.001] in the locomotor
activity of mice at all doses when compared to
vehicle (Fig. 3). The EOOG (5—40 mg/kg, i.p.)
reduced significantly [F (5, 24) = 5.71, P <
0.001] entrance of mice in Y-maze which is an
indication of a reduction in locomotor activity
when compared to control.

The extract shows no percentage
alteration at lower doses (5—20 mg/kg, i.p.)
when compared to the control, hence, has no
impairment effect on learning and memory
(Fig.4). A significant [F (5, 24) = 26.50, P <
0.001] reduction in head dips was observed at
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lower doses, however, a U-shaped pattern was
observed with dose (10 mg/kg, i.p.) showing
the highest significant reduction in head
dips when compared to vehicle (Fig. 5). Pre-
treatment with Propranolol, Yohimbine, and
Cyproheptadine reversed the inhibitory effect
of EOOG on novelty-induced rearing (Table 1).
One-way analysis of variance (ANOV A) showed
a significant difference [F (7, 34) = 115.0,
P < 0.0001 (NIR)] and [F (6, 28) =133.5, P <
0.0001(NIG)] between EOOG + Antagonists
and EOOG alone.

The antagonists alone showed significant
(P < 0.001) difference in NIR and NIG as
compared to EOOG (10 mg/kg), but when
administered with EOOG (10 mg/kg after
15 minutes), only Propranolol showed
significant (P < 0.001) increase in NIR,
indicating a reversal of EOOG activity.
Pre-treatment with Cyproheptadine and
Yohimbine showed no significant effect on
the activity of EOOG, but pre-treatment with
Atropine and Haloperidol showed significant
(P < 0.001) further depression activity.
As revealed in Table 2, the vehicle-treated
animals administered acetic acid showed
marked writhing; however, the administration
of EOOG 2.5-10 mg/kg significantly
antagonized this symptom. At the same time,
Diclofenac antagonized these effects.

The result revealed marked writhing count
with vehicle-treated animals administered
acetic acid; however, the administration
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of EOOG 2.5-10 mg/kg significantly
antagonized the symptoms. As shown in
Table 3, the administration of EOOG 2.5—
10 mg/kg significantly [F (5, 24) = 12.85,
P < 0.0001 (NIR)] protect against thermal
stimulus compared to vehicle-treated animals.
Pethidine also exhibited similar activity.

This work was undertaken to study the
neurobehavioural and analgesic effect of
essential oil of Ocimum gratissimum Linn.
leafinSwissmice.Someoftheneurobehaviour
explored in this work are novelty-induced
rearing, and grooming, locomotor activity
in the open field, percentage correct
alternations in the Y-maze, and head dips
in the hole board. Mechanistic studies were
also carried out to ascertain the pathway
through which these effects are been elicited.
Afterward, analgesic studies were carried
out using the thermal hot plate, and acetic
acid methods.

The acute toxicity of EOOG was established
by the determination of LDj,. The LDj, is
the dose required to cause mortality in half
the members of the tested population of the
experimental animals. The higher the value of
the LDy, is for an extract, the relatively safe
the extract is assumed to be. The median lethal
dose (LDj,) of EOOG in mice was found to be
2449 mg/kg (i.p., body weight).

A compound is considered to have CNS
activityif it crosses the blood-brain barrier and
modulates the neurotransmitters in the CNS,

N
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Fig. 1. Effect of EOOG (Essential oil of Ocimum gratissimum Leaves) on Novelty-induced rearing behaviour
in Swiss mice (*P < 0.05)
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Fig. 2. Effect of EOOG (Essential oil of Ocimum gratissimum Leaves) on Novelty-induced grooming
behaviour in Swiss mice (*P < 0.05)
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Fig 3. Effect of EOOG (Essential oil of Ocimum gratissimum Leaves) on locomotor activity in the open field
in Swiss mice (*P < 0.001)

which eventually causeschangesinbehavioural central nervous system excitation [16]. This
expressions in the mice. Neurobehavioural behaviour has been used to classify test drugs/
effects of Ocimum gratissimum on Novelty- substances as sedatives or stimulants[17]. The
Induced Behaviours (NIB) (rearing, grooming, results obtained showed that (EOOG) in 5 and
and locomotor activity) in mice were observed. 10 mg/kg inhibited/attenuated the novelty-
Rearing is a vertical locomotor activity that inducedrearing (NIR)behaviorinastatistically
involves an animal standing on its hind limbs significant manner comparable to the standard
while raising its forearms in the air or placed drug diazepam dose-dependently. The ability
on the wall of the cage [8]. It is an indication of an extract to inhibit rearing suggests its
of explorative behaviour which measures sedative effect. This is in agreement with [12],
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Fig. 4. Effect of EOOG (Essential oil of Ocimum gratissimum Leaves) on learning and memory in the Y-maze
in Swiss mice (*P < 0.05)
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Fig. 5. Effect of EOOG (Essential oil of Ocimum gratissimum leaves) on the frequency
of head dips in Swiss mice (*P < 0.05)

which reported that CNS stimulants increased
rearing while [18], submitted that CNS
depressants inhibited this behaviour.
Grooming is a “maintenance” behaviour
that is specifically elicited in a situation
in which an animal is in stress-induced
frustration [10]. It is described as a face or
head-important behavioural component in
animals, and that plays a deactivating role
in restoring homeostasis under stressful
situation [19]. The inhibitory effect of an
extract on Novelty-Induced Grooming (NIG)
suggests its stress-attenuating role in a novel
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environment. The EOOG at 5 and 10 mg/kg also
inhibited novelty-induced grooming behaviour
significantly in a dose-dependent manner. At
the highest doses (20 and 40 mg/kg), EOOG
did not demonstrate any inhibitory activity
of the extract compared to the standard drug,
Diazepam. This inhibitory effect observed
in both Novelty-Induced Rearing (NIR) and
Novelty-Induced Grooming (NIG) behaviours
suggest the EOOG possess a sedative or central
nervous system depression activity at 5 and
10 mg/kg. This is in agreement with some
plants that have shown to possess strong
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Table 1. Effects of Antagonists on Novelty-induced rearing and Novelty-induced grooming in Swiss mice

Treatment group Rearing (NIR) Grooming (NIG)

VEH (10ml/kg) 225.80 £5.74 114.80 = 3.72

EOOG (10 mg/kg) 189.80 + 2.81 96.20 = 2.39
Haloperidol (0.2 mg/kg) 107.06 = 11.64 46.00 = 0.70

Haloperidol (0.2 mg/kg) + EOOG 13.00 = 3.08# 23.80 £ 1.35#
Cyproheptadine (0.5 mg/kg) 103.00 = 3.97 17.20 = 1.36
Cyproheptadine (0.5 mg/kg) + EOOG 171.20 = 10.07 30.20 = 2.05
Yohimbine (1 mg/kg) 127.20 = 14.39 38.20 = 7.94
Yohimbine (1 mg/kg) + EOOG 153.20 + 8.68 71.60 = 1.96
Propranolol (0.2 mg/kg) 96.00 = 4.03 42.60 = 5.41
Propranolol (0.2 mg/kg) + EOOG 222.00 = 9.00%* 59.20 + 6.33
Atropine (0.5 mg/kg) 128.80 = 8.42 40.60 = 2.56
Atropine (0.5mg/kg) + EOOG 77.20 = 8.20# 70.00 = 2.30

#P < 0.001 (significant further depression), **P < 0.001 (significant reversal) between EOOG +

Antagonists and EOOG alone

Key: VEH= Vehicle; EOOG = Essential Oil of Ocimum gratissimum

Table 2. Effect of Essential Oil of Ocimum gratissimum on Acetic Acid-induced Writhing in Swiss mice

Treatment (n = 5) Dose (mg/kg) Writhing Counts % inhibition
(per 30 min)
Control 10 mL/Kg 42.67 = 7.49 -
Diclofenac sodium 2 mg/kg 15.00 = 2.91* 64.84
EOOG 2.5 mg/kg 21.67 = 3.19% 49.21
5.0 mg/kg 18.50 = 1.69*% 56.64
10.0 mg/kg 16.67 = 1.26% 60.93

*P < 0.001 as compared to vehicle control is significant.
Key: EOOG = Essential Oil of Ocimum gratissimum

sedative effects such as Cissus quadrangularis,
Spondias mombin, Ficus thoningii, Stachys
lavandulifolia, Nigella sativa, and Cryptolepsis
sanguinolenta [20—25].

The exploratory activity test is a measure of
exploratory behaviour in rodents [26, 27] and
has been employed to screen sedative agents.
26 reported that reduction in the frequency
of head dips depicts CNS depression. The
method has been used also to measure anxiety
and test anxiolytic agents. The exploratory
test carried out in this study is based on
assumption that the head-dipping of animals
is inversely proportional to their anxiety
state in a moderately aversive environment.

Therefore, an increased number of head dips
on the hole board means reduced anxiety
state [28]. In more aversive situations, when
the anxiety level of the animals is high, the
holes may represent a possible way to escape
from the aversive environment instead of an
explorable object. The exploratory activity of
animals treated with the EOOG was observed
to decrease non-dose dependently with the
highest dose (40 mg/kg) showing no activity
on the hole board apparatus. In a moderate
condition, anxiolytics increase the frequency
of head poking, while sedative agents decrease
the frequency of head poking. Since a decrease
in the frequency of head dips in the hole board
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Table 3. Effect of Essential Oil of Ocimum gratissimum on Thermally-induced Pain in mice

Treatment (n =5) Dose (mg/kg) Mean Latency of Response % Protection against
thermal stimulus
Control 10 mL/Kg 4.54 +0.34 -
EOOG 2.5 mg/kg 6.00 = 0.05% 32.21
5.0 mg/kg 6.04 = 0.21% 33.00
10.0 mg/kg 6.34 = 0.22% 39.60
Pethidine 10.0 mg/kg 21.74 = 0.56% 379.10

*P < 0.001 as compared to Vehicle treated mice.

by the EOOG was observed in all (but not
40 mg/kg) the doses used for this experiment,
it is therefore suggested that EOOG has
sedative properties; in accordance with (29).
Spontaneous motor activity is a parameter
used to measure central nervous system
excitability in animals. However, this
behaviour (motor activity) has been shown to
be mainly governed by motor area of frontal
cortex, corpus striatum and brainstem. Any
morphological changes or change in the level
of brain amines in these areas is expected
to cause neurotoxicity which may be in the
form of motor deficit. Dopamine is one of the
main amines found in the substantial nigra,
ventral tegmental area, and hypothalamus
of the brain, and has been implicated in the
locomotor and exploratory activity. Drugs
that enhance dopaminergic transmission
produce increased locomotor activity (10), and
are said to be stimulants, while agents that
reduce dopaminergic transmission suppress
locomotor activity. The EOOG produced a
significant reduction in locomotor activity in
all the doses in a non-dose dependent manner,
but at the lowest dose, the reduction was
more significant. This decrease in locomotor
activity marked in the entire doses buttresses
the fact that EOOG may be an index of the
central nervous system depressant effect.
Spontaneous alternation is a behavioural
test for measuring the willingness of rodents
to explore new environments. Rodents
typically prefer to explore a new arm of the
Y-maze rather than returning to one that was
previously visited. The EOOG at the three
lower doses used for this experiment has no
effect on working memory as the percentage
alternation produced was not significantly
different from the control. Conversely, at
the highest dose (40 mg/kg), a statistically
significant reduction in percentage correct
alternation was marked, advocating the point
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that EOOG may have a memory impairing
effect as the dose is increased.

Inthisstudy,theneuralmechanismofaction
of the extract was investigated by interacting
EOOG with the antagonists of the systems
that regulate neurobehaviours in rodents.
The administration (intraperitoneally, 15
minutes prior) of atropine and haloperidol did
not reverse the inhibitory effect of the extract
on rearing and grooming, rather propanolol,
potentiated the effect of the EOOG, thus
excluding involvement of cholinergic,
dopaminergic, and o-adrenergic systems.
In another experiment, pre-treatment with
B-adrenergic and serotonergic antagonists
reversed the inhibitory effect of the extract
on the observed parameters. This shows that
the EOOG may contain a compound(s) that has
an affinity for B-adrenergic and serotonergic
receptors, thus suggesting the participation of
B-noradrenergic and serotonergic systems in
the inhibitory effect of the EOOG on novelty-
induced behaviours.

The thermally-induced pain (hot plate)
test responses are believed to be spinally
and supra-spinally mediated reflex and are
to assess centrally acting analgesics. The
effectiveness of analgesics agents in the
hot plate pain model is highly correlated
with the relief of human pains (30). In this
investigation, EOOG significantly increased
reaction time to pain stimuli at all the doses
in the 30" minute compared to the normal
control, similar to pethidine. These results
are indicative that thermal stimulation is
associated with central neurotransmission.
The result further confirms the central
analgesic effect of EOOG since the test is
predominantly spinal reflex mediated and is
considered to be selective for opioids like and
centrally acting analgesics. Janssen et al. [31]
and [32] submitted that peripheral analgesics
are known to be inactive on thermal stimuli,
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and the receptors are mostly implicated
in central mediation of anti-nociceptive
response are the opioid receptors.

In the acetic acid-induced abdominal
constriction test, EOOG dose-dependently
and significantly reduced the abdominal
writhing level, which was comparable with the
standard drug diclofenac sodium at 2 mg/ kg
in this investigation. Inhibition of abdominal
constrictions by EOOG is thus suggestive of
its anti-nociceptive action, which may be due
to inhibitory action against the synthesis and
release of inflammatory mediators. Although
this test of nociception has been successfully
employed to screen peripheral acting
analgesics, centrally acting analgesics (such
as opioid agonists without peripheral action)
have effectively attenuated nociception in
this model. This phenomenon is attributed
to a lack of specifics between peripheral and
central pain effects [33]. Hence, the need
for a model that can discriminate pains in
the peripheral components from pains in the
central components.

Conclusion

The acute toxicity test showed that the
essential oil of Ocimum gratissimum leaves
could be utilized as documented in traditional
use. The inhibitory effects demonstrated
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HEHPOIIOBEJITHKOBUM I SHEBOJIIOOUHUI E®EKT Ocimum gratissimum Linn.
E®IPHA OJIIA JIUCTA ¥ MUIIIEU Wistar albino
Onosetale E. Aigbomian', Comfort T. Senjobi2, S. A. Onasanwo®,
M. O. Olatunde®, Taiye R. Fasola®

IDepartment of Botany, University of Ibadan, Nigeria
2Department of Plant Science, Olabisi Onabanjo University, Ago-Iwoye, Nigeria
3Department of Physiology, University of Ibadan, Nigeria
‘Department of Pharmacology and Therapeutics, University of Ibadan, Nigeria

E-mail: fasolatr@gmail.com

HocaimgxeHHA IOKas3aJu, 1110 3HE00JII0I0Ui TpeIapaT MOMKYTh 0y THU HeliponnpoTeKkTopHuMHu. Ocimum
gratissimum Linn. AKui MIXPOKO BUKOPUCTOBYETHCA B TPAAUIIIHHIA MegUIUHI A JiKyBaHHA caab-
KocTi Ta 6araThbox iHIIKX Helpo@dapMaKoJOTiuHO OB’ I3aHUX 3aXBOPIOBAHb, N0 KiHI[A He BUBUEHUH.

Mema. lle gocaigskenua O0yJyo po3po0JIeHO 3 METOI0 BUBUEHHS 0€3MEeYHOCTI CIOKMBAHHSI, HEHWPO-
MOBeNiHKOBUX i 3HeOoNOBaJIbHUX edeKTiB edipHoi oxaii aucta Ocimum gratissimum Linn (EOOG)
y MUIIIeI.

Memodu. T'octpy Tokcuunicts EOOG Bu3Haua u 3a CTaHZAPTHUM METOLOM, TOJi AK HeHpomoBe iH-
KOBi BJIacTMBOCTi OIliHIOBAJIM 3a JOIIOMOTOIO0 BiJKPUTOTO IIOJA AJA BUXOBAHHS, BUKJIUKAHOTO HOBUS3-
uow (NIR), morasany, Bukankauoro HoBudHoio (NIG) i pyxoBoi akTuBHOCTI mMuIreii. g BUSHAUYEHHSI
YacTOTH MaiHHA TOJOBU BUKOPHCTOBYBaBcs amapart hole board. Y-moai6uuit 1abipuHT BUKOPHUCTOBY-
BaBCH JJIS KOPOTKoUacHOI mam’ aTi. MexaHiuHi foCHi’KeHHS IPOBOAUIIU 3 ATPOIMIHOM (MyCKapUHOBUM
6smokatop, 0,5 Mr/Kr), mpomaHoJoJioM (HeceJleKTHUBHUI O6s0kaTop B-agpeHoperentopiB, 0,2 mr/xr),
rajgonepunoJsom (6soxaTop fohaminoBUX pernentopis, 0,2 Mr/Kr), IUIPOTeNTaAZUHOM (CepOTOHiHEpTiU-
Hui anraroHict, 0,5 mMr/kr). i ioxim6in (a-2-agpeHobsokaTop, 1 Mr/Kr). AHaJbreTUYHY aKTUBHICTH
Ocimum gratissimum OOCHiMKyBaJu 3a JOIOMOIOIO TECTY HAa 3BUBAHHA 3 OI[TOBOIO KMCJIOTOI Ta Tep-
MiuHOTO 60JIIO.

Pesynrvmamu. Cepenasa nertanbHa nosa (LDyg) Ocimum gratissimum cranosuia 2449 mr/xkr. EOOG
3HAYHO 3MEHIIINB NOBEAiHKY, CHPUUNHEHY HOBU3HOIO, 3aJeKHO0 Big mos3u. Cmocrepirasaocs, 1o Jocaig-
HUIIbKa aKTUBHICTL TBapuWH, AKi orpumyBasu EOOG, 3aMeHIIyBajgacsa He3aJle:KHO BiJ 103U, IPUUOMY
HamiBuia nosa (40 Mr/Kr) He BUABJAJIA AaKTUBHOCTI Ha amapari 3 orBopamu. EOOG BUKJINKAaB 3HAUHE
3HUKEHHA PYXO0BOI aKTMBHOCTI ¥ BCiX M03axX HE3aJIEXKHO BiJl 103M1, ajie IPW HaWHUKUIIN no3i. ¥V Y-ja-
6ipuuTi EOOG He cipaBJAB KOJHOTO CYTTEBOTO BILIMBY Ha Po00OUy mam’ATh, OCKiJIbKY BUPOOJIEHAa 3Mi-
Ha y BilcOTKax icTOTHO He BiapisHAgaca Big xoHTpoaw. EOOG B aHaAbreTUUYHOMY aHAJIi3i Ha rapadii
IJIacTUHI MOoKas3aB 30iJbIIIeHHS Yacy peakKIlii, 110 CBiAUUTh IPO aHAJTETUUYHY BJIACTUBICTD IleHTPaJIbHOL
HEPBOBOI CUCTEMU.

BucHosku. PesyabraTu gocaimxeHHsa mokasaan, o EOOG moske MaTu ceJaTUBHI BJacCTHUBOCTI 3aB-
IAKY cBoilt 3nqaTHocTi mpurHiuysatu NIR ta NIG, naginaa rosoBu Ta pyxoBYy aKTuBHicTE. Kpim Toro,
iHrioyBaHHA HOIMITENI[il, Bif3HaAUEHEe B IIbOMY MOCJi)KeHHi, CBITUNTH ITPO aHTUHOIUIEIITUBHY aKTUB-
HicTbh, AKa MOJKe 3AiMiICHIOBATHCSA Uepes nmepudepuunnii abo meHTpaJlbHUI OO AHUI pelenTop.

Knwouwosi cnosa: Ocimum gratissimum; HEHPOIIPOTEKTOP; 0601e3aCIOKININBUN; JTiKaPChbKi POCJIUHMA.
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Acute phase proteins, i.e. ceruloplasmin, haptoglobin, C-reactive protein (CRP) and procalcitonin are
the markers that characterize the inflammatory process. C-reactive protein is one of the central components
of the acute phase (AF), and is a generally accepted indicator of inflammatory processes.

Aim. To establish the level and the efficiency of determination of acute-phase proteins (CRP, haptoglo-
bin, ceruloplasmin), as well as procalcitonin under the conditions of modeled infectious arthritis.

Materials and methods. Experimental studies were conducted on 52 white male Wistar rats. A model of
infectious arthritis was created for seven days by daily injection of 0.02 ml of S. aureus 108 No. 209 into the
knee joint of a rat. The animals were divided into groups and vivarium control (group I). The following dos-
age scheme was used for the experimental groups: a single daily injection of 0.02 ml of flosteron into the
knee joint for seven days (group II); daily single administration for seven days of 0.02 ml of S. aureus 108
No. 209 (ITI group); daily one-time intermittent (every other day) administration for seven days of 0.02 ml
of flosteron and 0.02 ml of S. aureus 108 No. 209 into the knee joint (group IV). The effectiveness of the
drugs was observed 3 and 14 days after administration.

Results. It was established that the concentration of haptoglobin was significantly increased in the blood
serum of rats after 3 and 14 days in all studied groups of animals compared to the control. The greatest
increase compared to control values was noted 3 days after the seven-time injection of S. aureus 108 #209
into the knee joint. However, after 14 days it was already not so evident, and was significantly lower (by
85.33% ) compared to the measurement after three days. Only the rats receiving intermittent (every other
day) injections of 0.02 ml of flosteron and 0.02 ml of S. aureus 108 No. 209 into the knee joint demonstrated
a statistically significant increase in the level of haptoglobin (by 775.08% , P < 0.05) compared to the con-
trol, and 77.78% reduced compared to the measurement after three days. The concentration of ceruloplas-
min in blood serum increased in all experimental rats during the entire observation period and differed little
between 3 and 14 days. The content of C-reactive protein in blood serum increased in all studied groups of
rats without exception, which proves its high specificity for detecting inflammatory processes of various
severity. The concentration of procalcitonin was most significantly increased by 235.0% 3 days after alter-
nating (every other day) administration of 0.02 ml of flosterone and 0.02 ml of S. aureus 108 No. 209. It was
slightly lower (by 120.0% ) under the same conditions experiment after 14 days. This indicator significantly
increased (by 65% ) 14 days after the 7-time introduction of S. aureus 108 #209. In the experimental animals
of other groups, the PCT concentration did not change.

Conclusions. The determination of haptoglobin reflects the initial activation of the inflammatory pro-
cess, which was enhanced by the hormonal drug flosteron. However, its determination over a longer period
of time can be efficient as well, because numerous factors lead to a bacterial infection, reinforcing each
other. At the same time, the synthesis of ceruloplasmin is being activated exactly during the first three days
of the infectious process, which makes it an informative marker for detecting early infectious complications.
The dynamics of changes in the level of C-reactive protein in blood serum showed the highest correlation
with the activity of the infectious process, which proves its high efficiency for detecting inflammatory pro-
cesses of various severities, choosing adequate treatment and predicting the course of the disease.

Key words: haptoglobin; ceruloplasmin; C-reactive protein; procalcitonin; infectious arthritis.
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An important role in the pathogenesis
of inflammatory diseases of the joints is
attributable to the changes in biochemical
indicators, namely, the increase of acute-
phase proteins content in blood. There is a
direct relationship between the change in their
level, the severity and dynamics of clinical
manifestations of inflammation. In this way,
they have advantage over the determination of
the number of leukocytes, platelets, leukocyte
formula, leukocyte intoxication index,
ESR. Although the effectiveness of modern
microbiological tests is highly specific, the
time required to obtain results may not
be acceptable. However early diagnosis of
inflammatory joint diseases is vital to prevent
devastating complications.

Acute-phase proteins, i.e. ceruloplasmin,
haptoglobin, C-reactive protein (CRP) are
markers that characterize the inflammatory
process and show a high correlation with
disease activity. C-reactive protein is one of
the central components of the acute phase
(AF) and is a generally recognized indicator
of inflammatory processes. An increase in the
concentration of CRP precedes the increase
in ESR and the increase in the number of
peripheral blood neutrophils in bacterial
infections. Its content increases rapidly in the
first 6—8 hours (by 20—-100 times, sometimes
by 1000 times) when inflammation increases
and also decreases quickly with amelioration
of the inflammation. That is why this indicator
is one of the most specific and sensitive clinical
and laboratory indicators of inflammation,
and it is widely used to monitor and control the
effectiveness of therapy for bacterial and viral
infections, chronic inflammatory diseases.

Ceruloplasmin is intensively synthesized
during the first two days from the beginning
of the infectious process. Its level nearly
doubles in response to inflammation, injury,
or infection. Haptoglobin is an acute phase
protein that binds free hemoglobin and has
anti-inflammatory properties but can have a
pro-inflammatory effect on the joint. It plays
a role in the inflammatory process of bone
destruction through bradykinin and thrombin,
stimulating the formation of prostaglandin
E2, which leads to bone resorption [1, 2].

Procalcitonin protein (PCT)is an important
biochemical marker for the diagnosis of
inflammatory processes in the joints. This
indicator makes it possible to assess the degree
of development of the inflammatory process
and sepsis and distinguish bacterial infection
from non-bacterial infection [3—5]. In the
presence of viral infections, the concentration

of PCT demonstrate only minor increase,
while in the presence of a significant bacterial
infection, it increases. In patients without
infectious complications, the PCT level
quickly returns to normal values. Moreover, a
high concentration that does not decrease, or
a secondary increase in PCT are considered to
be the predictors of sepsis [6]. The synthesis of
PCT is induced by endotoxins — bacterial toxic
substances, which are structural components
of typical bacteria and are released only
during lysis, that is, during the breakdown of
a bacterial cell [T—9].

There is no doubt that acute-phase proteins
and PKT take a direct part in the development
of the inflammatory process [1, 2, 6, 8]. An
increase in their level in the blood serum
of patients, in most cases, indicates the
destruction of the cartilage and bone tissue of
the joints[10, 11]. However, the inconsistency
of biochemical data in certain inflammatory
joint diseases and their treatment protocols,
as well as the lack of comparability of results
complicate both the diagnosis of the disease and
the effectiveness of further treatment. Thereis
currently no consensus as to which biochemical
markers are most reliable for tracking the level
of inflammation and/or infection. Therefore,
studies on monitoring the level of acute-
phase proteins ceruloplasmin, haptoglobin,
C-reactive protein and procalcitonin in order
to determine the most effecient marker of
them are relevant for the detection of early
infectious complications and strategies for its
elimination.

Theaimof thestudy wastoevaluatethelevel
and efficiency of determination of acute-phase
proteins (CRP, haptoglobin, ceruloplasmin),
as well as procalcitonin under the conditions
of modeling infectious arthritis.

Materials and Methods

The experiment was conducted on 52 white
male Wistar rats. An infectious arthritis
model was created for seven days by daily
injection (once a day) of 0.02 ml of S. aureus
108 No. 209 into the knee joint of a rat. The
animals were divided into experimental
groups — and vivarium control. The following
drug administration model was used for the
experimental groups: daily administration
(once a day) for seven days of 0.02 ml of
flosterone into the knee joint (II group); daily
administration (once a day) for seven days of
0.02 ml of S. aureus 108 No. 209 (III group);
daily administration (once a day) alternately
(every other day) for seven days of 0.02 ml
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of flosterone and 0.02 ml of S. aureus 108
No. 209 into the knee joint (IV group). Animals
were decapitated under ether anesthesia after
3 and 14 days of the experiment after drug
administration. All animals were under the
supervision of a veterinarian in the standard
conditions of the accredited vivarium of the
Bohomolets Institute of Physiology of the
National Academy of Sciences of Ukraine,
in compliance with the general principles of
bioethics in accordance with the international
principles of the European Convention on
the Protection of Vertebrate Animals Used
for Research and Other Scientific Purposes
(Strasbourg, 1986) under the natural light/
dark cycle. Animals had free access to water.

Determination of haptoglobin,
ceruloplasmin and CRP was carried out on a
Cobas 311 biochemical analyzer using Roche
Diagnostics test systems. The concentration
of procalcitonin (PCT) was determined on a
Cobas 411 analyzer using Roche Diagnostics
test systems. Statistical processing of the
obtained results was carried out using the
Origin Pro 8.5 program package. The average
values of the obtained indicators (x) with
standard deviations (SD) were determined. The
probability of difference between the control
and experimental samples was estimated by
the Student’s t test. At P <0.05, changes were
considered significant.

Results and Discussion

The analysis of the results of changes
in the concentration of haptoglobin in the
blood serum of rats showed its statistically
significant increase in relation to the control
values after three doses in all experimental
groups by 226.18% (II group), 801.85% (III
group) and 172.24% (IV group), respectively.
The concentration was the highest after three
days under the conditions of 7-time injection of
0.02 ml of S. aureus 108 No. 209 into the knee
joint. Compared with rats of IT and IV groups,
the increase was 177.46% and 231.28%,
respectively (Table 1).

Under the same experimental conditions,
after 14 days only in rats after alternating
(every other day) injection of 0.02 ml of
flosterone and 0.02 ml of S. aureus 108
No. 209 into the knee joint (group IV),
demonstrated the greatest increase in the
level of haptoglobin by 775, 08% (P < 0.05)
compared to the control. Whereas in rats of
the II group, its content remained almost at
the same level as after the measurement three
days later. The concentration of haptoglobin
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in blood serum of animals of the III group was
higher than the control values by 117.67%.
However, it was significantly lower (by
85.33% ) compared to the measurement the
third day of administration (Table 2).

The concentration of ceruloplasmin in the
blood serum of rats of the II group compared
to the control increased almost equally by
77.27% and 81.82%, respectively (P < 0.001)
3 and 14 days after the last administration
of flosteron. It increased by 286.36% and
122.73% after 3 and 14 days after 7-time
injection of 0.02 ml of S. aureus 108 No. 209
into the knee joint. Whereas three days after
alternating (every other day) administration of
0.02 ml of flosterone and 0.02 ml of S. aureus
108 No. 209 increased by 613.64% and even
more after 14 days — by 640.91% after the
last administration 0.02 ml of S. aureus 108
No. 209 (Table 1, 2).

The highest concentration of C-reactive
protein was 3and 14 days after theintroduction
of 0.02 ml of S.aureus 108 No. 209 in rats of
the III group. After 3 days, it differed from
the control values by 2363.04% and 1890.91%
after 14 days . These values were somewhat
lower in animals of the II group 3 and 14 days
after administration of 0.02 ml of flosteron
1118.18% and 1163.04%, respectively
compared to the control. After 3 and 14 days of
alternating (every other day) administration of
0.02 ml of flosterone and 0.02 ml of S.aureus
108 No. 209, the level of C-reactive protein
was 1754.55% and 1727.27%, respectively,
of the control values (Table. 1, 2).

The largest increase (by 235.0%) in the
PCT level occurred 3 days after alternating
(every other day) administration of 0.02 ml
of flosteron and 0.02 ml of S.aureus 108
No. 209. It was slightly lower (by 120.0%)
after 14 days for the same conditions of the
experiment. This indicator probably increased
by 65% 14 days after the 7-time administration
of S.aureus 108 No. 209 (Tables 1, 2). In other
experimental groups, the PCT concentration
in animals did not change.

It follows from the above data that the
concentration of haptoglobin probably
significantly increased in the blood serum
of rats both after 3 and 14 days in all
studied groups of animals compared to the
control. The greatest increase relative to
the control values was noted 3 days after
the seventh injection of S. aureus 108 No.
209 into the knee joint. However, after 14
days it was already not so significant and
significantly lower (by 85.33%) compared
to the measurement after three days. Only in
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Table 1. The content of acute-phase proteins and procalcitonin in the blood serum
of experimental animals with 7-fold local administration of the hormonal drug flosteron and
S. aureus108 N 209

Indicators Control Hormone (flosterone) Infection
n=10 (S. aureus108 N 209)
3 days,n=17 14 days,n =17 3 days,n="7 14 days,n =17
Haptoglobin, g/I1 0.317+0.004 | 1.034%+0.011 1.016%0.006** | 2.859%+0.047 | 0.690=+0.021%%*
Ceruloplasmin, g/1 0.022+0.001 | 0.039+0.003** | 0.040+0.001** | 0.085+0.021 0.043=0.005
C-reactive protein, 0.011+0,003 | 0.134+0.013 | 0.139+0.011%* | 0.271+0.018 | 0.329+0.042%
ng/ml
Procalcitonin, ng/ml | 0.020+=0.001 | 0.023=0.,001 | 0.020%=0.001** | 0.019%+0.002 0.033=0.005
*P<0,05: **P<0.001.

Table 2. The content of acute-phase proteins and procalcitonin in the blood serum of experimental
animals after the 7th local administration of the hormonal drug flosteron+ S. aureus108 N 209

Control Flosteron + S. aureus 108 N 209
Indicators n=10
3 days,n=17 14 days,n =17
Haptoglobin, g/1 0.317+0.004 0.863+0.028%* 2.774%+0.052
Ceruloplasmin, g/1 0.022+0.001 0.157+0.013%* 0.163%+0.015
C-reactive protein, ng/ml 0.011+0,003 0.104+0.014 0.201+0.023
Procalcitonin, ng/ml 0.020+0.001 0.067+0.002 0.044+0.004

*P<0,06: #**P<0.001.

rats after a 14-day alternating (every other
day) administration of 0.02 ml of flosterone
and 0.02 ml of S. aureus 108 No. 209 into
the knee joint, a probable increase in the
level of haptoglobin by 775.08% (P < 0.05)
was observed compared to the control and
decreased by 77.78% compared to the
measurement after three days. We believe
that this indicator reflects, first of all, the
primary activation of the inflammatory
process, which was enhanced by the hormonal
drug flosteron. Therefore, its determination
can be effective over a longer period of
time, as bacterial infections lead to several
processes, reinforcing each other.

The concentration of ceruloplasmin in
blood serum increased in all experimental
rats during the entire observation period with
minor differences between 3 and 14 days.
Probably, the synthesis of ceruloplasmin

increases precisely during the first three
days of the infectious process, which leads to
an increase in its content. The abruption of
further increase of this indicator is most likely
due to the depletion of the enzyme antioxidant
reserve of the serum, of which ceruloplasmin
is a component, due to its ability to bind free
oxygen radicals and inactivate them.

Among all acute-phase proteins, the
concentration of C-reactive protein in the
blood demonstrated the highest increase in
all studied groups of rats without exception,
which proves its high efficiency in detecting
inflammatory processes of various severity.

The concentration of procalcitonin in the
conditions of our experiment significantly
changed in the blood serum of rats 14 days
after the introduction of S. aureus 108 #209
and after 3 and 14 days under the combined
influence of flosterone and S. aureus 108 #209.
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Therefore, with increasing bacterial infection,
this indicator is more specific.

Thus, according to our data, the
determination of haptoglobin reflects,
first of all, the primary activation of the
inflammatory process, which was enhanced
by the hormonal drug flosteron. Therefore, its
definition can be effective over a longer period
of time, as typical, multiple factors lead to
bacterial infection, reinforcing each other. At
the same time, the synthesis of ceruloplasmin
increases exactly during the first three days
of the infectious process, which turns it
into an effective marker for detecting early
infectious complications. The dynamics of
changes in the level of C-reactive protein in
blood serum showed the highest correlation
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E®OERTUBHICTb BUSHAYEHHS T'OCTPO®ASHUX
ITPOTEIHIB I IPOKAJIBITUTOHIHA 3A YMOB MOJEJTFOBAHH S
IHO®ERIINHOI'O APTPUTY ¥ MUIIIEU

C. Mazomedoa!, I. I Timosxa?, M. IT. I'puyaii®,
B.I.Ca6adow’, JI. B. IToriwyx', T. A. Ky3y6'

II[Y IactutyTt TpaBMaTosorii Ta opronenii HAMH Vkpaiuu, Kuis
2IHCTI/ITYT disiosorii im.0.0. Boromoasiss HAHY, Kuis

E-mail: alexander@magomedov.kiev.ua

T'octpodasHi mporeinm nepyJoniasmin, rantoraobin, C-peaktTuBunuii mporein (CPII) i mpokanbiuToHiHE
MapKepaMu, AKi XapakTepusyTh 3amaJbHUN mpolec. C-peakTUBHUII MPOTEeIH — OJAWH i3 IeHTPaJIbHUX
KOoMHOOHEeHTiB roctpoi ¢asu (I'P) i € 3araTbHOBU3HAHUM MOKA3HUKOM 3allaJbHUX IIPOIIECiB.

Mema. BusHauuTu piBeHb i e)eKTUBHICTh BU3HAUeHHA rocTpodasuux nporeinis (CPII, ranToriobiny,
IIePYyJI0IIasMiHy), a TAKOK IPOKAJIBIINTOHIHY 32 YMOB MOJEJIOBAHHSA iHQEKIIIHHOTO apTPUTY.

Mamepiaau i memodu. EkcnepuMeHTaJbHI OCTiAKeHHA 0YJI0 TPOBEAEeHO HA 52 6iMX MIypax-caMIlAX
aiHii Bicrap. Mogeab iHQeKIiAHOT0 apTPUTY CTBOPIOBAJIU IIPOTATOM CeMU Ii0, IITOJeHHUM yBeAeHHIM
0,02 ma S. aureus 108 N 209 y xomimuHU# cyrso6 mrypa. TBapuH Oyjio pO3MOAijieHO Ha TPyHu —
I BiBapHUIT KOHTpOJL. 1A eKcHepuMeHTaJbHUX TI'PyH OYJIO 3aCTOCOBAHO TaKy MOMIEJb yBeJeHH:d
mpemnapary: IoJeHHe OJHOpas3oBe BBeAeHHs IpoTaroMm cemu Ai6 mo 0,02 ma giiocTepoHy B KOJMiHHUHI
cyrao6 (II rpymna); momeHHe OqHOPA30Be BBeeHHA MpoTAroM ceMu 1i6 mo 0,02 mur S. aureus 108 Ne 209
(III rpyma); momeHHe OGHOPA30BE IONepeMiHHe (Uepes eHb) yBeJeHHA npotarom cemu mi6 mo 0,02 mu
daocreponyi 0,02 ma S. aureus 108 Ne 209 y kosinuuii cyrao6 (IV rpyna). EdexTuBHicTs nii mpemaparis
crocrepiranu uepes 3 i 14 mi6 micisa BBegeHHS.

Pesyavmamu. BcraHoBJIeHO, 110 KOHIEHTpAIllid ramnTorjobiHy BiporimHo 3pocia y cupoBaTiii
KpOBI 1ypiB AK uepesd 3, Tak i 14 ai6 y Bcix mociimKyBaHUX Ipylax TBapUH IOPiBHAHO 3 KOHTPOJIEM.
Haii6inbiie  migBuIlleHHS BiAHOCHO KOHTPOJBHUX 3HAUEHBb CIIOCTEpirajgoch ueped 3 mobu mmicida
cemupasoBoro BBemeHHA S aureus 108 Ne209 y rominuuii cyrimob. Ogmak uepes 14 ni6 BoHO BiKe OyJ0
He TAKUM CYTTEBUM i 3HauHO HUKIUM (Ha 85,33% ) MOPiBHAHO 3 BUMipIOBAaHHAM Yepes Tpu mobu. Jlure
y mypiB micaa 14-go6oBoro momepeMiHHOTO (uepes neHb) yBeneHHs mo 0,02 mu duroctepony Ta 0,02 M
S. aureus 108 Ne 209 y KosmimuHii cyryiod crocrepirajam BiporigHe 3pocTaHHsA PiBHS ramTorjao0iHy Ha
775,08% (P <0,05) mopiBHAHO 3 KOHTpOJIeM i Ha 77,78% 3HUKEHUM IIOPiBHAHO 3 BUMipIOBAaHHAM Uepes
Tpu 1o6u. KoHIleHTpAallia 1epyIoIIa3MiHy B CHPOBATIII KPOBi 3pocTasia y BCiX eKCcIIepuMeHTaIbHUX IITyPiB
3a Bechb IIepPioj crmocTepeskeHHs i MaJio BigpisHanaaca misk 3 i 14 nobamu. Bmict C-peakKTUBHOTO IPOTEiHY B
CHUPOBATIII KPOBi 3pocTaB y BCixX 0e3 BUHATKY MOCJIIKYBAaHUX I'PyIlax MypPiB, II[O0 JOBOAUTEL MO0 BUCOKY
cruenu@ivuHicTh O BUSBIEHHSA 3alaJbHUX IPOIeciB pidHOi BakKocTi. KoHIleHTpAaIlisd ITPOKAJbIIUTOHIHY
Halibinbme — Ha 235,0% Biporigmo migBuiyBanacs uepesd 3 mobu ImicasA momepeMiHHOTO (Uepes AeHb)
yBemeHHsa no 0,02 ma duioctepony ta 0,02 mu S. aureus 108 Ne 209. Iemro Hukue Ha 120,0% 3a Tux
caMuX yMOB eKcrnepuMeHTy uepe3 14 mi6. Ha 65% 1eit mokasuuk BiporigHo 3pic uepes 14 i6 micas
7-pasoBoro BBemeHHA S. aureus 108 Ne209. ¥V pemTu ekcuepuMeHTAJIbHUX TBapuH KoHIeHTparnia ITKT
He 3MiHIOBaJIacH.

BucHosrku. BusHaueHHsA ranTorjaobiny BigoOpaskae, IepIil 3a Bce, IIEPBUHHY aKTHBAI[il0 3aMIaJIbHOTO
IIpoliecy, IOCUJIEeHHIO AKOI CIIPUAB rOPMOHAIBHUM mTpenapat ¢ioctepoH. IIpoTe fioro BusHauUeHHA MOKe
O0yTu epeKTUBHUM Uepes OijbIn TpUBaIUili TePMiH, OCKiJIbKU A0 OaKTepianbHOI iH(eKIil mMpu3BOSATH
IeKiTbKa YMHHUKIB, IOCUJIIOIOUN OQUH ONHOTO. B ofHOUAC CHMHTE3 IepyI0IIa3MiHy HOCUJIIOETHCA caMe
BIIPOMJOBIK IMEPIIUX TPHOX Ai6 iH(MeKITifiHOTO mpoIiecy, M0 IepeTBOPIOE HOTo v pPe3yabTaTUBHUN MapKep
IJ1 BUABJEHHA PAHHBOTO iHQEeKIifitHOro yeKaagueHHA. [lmHaMika 3min piBHA C-peak TUBHOTO IIPOTEIHY B
CHUPOBATIII KPOBi IIPOJAEeMOHCTPYBajJa HAWBUIIY KOPEJAIil0 3 aKTUBHICTIO iH(QEKIIIHHOro IpoIlecy, IIo
IOBOAUTH MOT'0 BUCOKY e(DEeKTUBHICTH O/ BUSABJIEHHS 3alaJibHUX NpoIeciB pisHoi BaKKocCTi, BUGOpPY
aZeKBaTHOTO JiKyBaHHA Ta IPOTHO3Y Mepediry 3aXBOPIOBAHHA.

Knwouosi crosa: rantoriobin; mepytomnnasmin; C-peakTUBHI MPOTeiH; MPOKAMBIIUTOHIH; iHpeK i fiHni
apTpuUT.
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Aim. Many genetic and environmental factors can be effective in the process of cancerization.
Preventing the progression of leukemia may be possible by controlling the pathways involving mecha-
nisms such as apoptosis and autophagy. When the literature is examined, there are studies showing the
effects of various types of juniper on various cancer cell lines, including human chronic myeloid leukemia
cells, but the signal pathways in which they act are not fully known. In this study, the anticancer effects
of Juniperus oxycedrus extract on K-562 human chronic myeloid leukemia cells were investigated.

Method. After the cells were treated with the Juniperus oxycedrus extract, cytotoxicity and gene
expression analyzes were performed. Changes in the expression of Akt, the member of the PISK/Akt/
mTOR signaling pathway; caspase 3, which is one of the main effective genes in the pathways regulating
apoptosis; and the apoptosis suppressor BCL-2 gene, which is an oncogene, were investigated.

Results. According to the MTT test results, Juniperus oxycedrus extract showed over approximately
50% cell viability in K-562 cells at all doses. The most appropriate dose of Juniperus oxycedrus fruit
extract in this research was determined as 50 ng/mL considering cell viability. After the gene expression
analysis, it was observed that BCL-2 expression decreased approximately 3.3 times, and caspase 3 expres-
sion increased 1.2 times. Although Akt gene expression increased 1.092 times, it was not statistically
significant.

Conclusions. Constituents of Juniperus oxycedrus plant may have apoptotic effects on chronic myeloid
leukemia cells.

Key words: Juniperus oxycedrus; leukemia; apoptosis.

Chronic myeloid leukemia (CML) is a investigating the anticancer effects of

hematological disease that develops mainly as
aresult of a translocation and oncogenic fusion
of BCR and ABL1 genes. The abnormal tyrosine
kinase activity exhibited by this fusion protein
causes activity changes in various signaling
pathways with which it interacts. Although
the developed tyrosine kinase inhibitors are
standard therapeutics used in the treatment of
CML, resistance to BCR-ABL tyrosine kinase
inhibitors is a clinically unresolved problem
[1, 2].

In the field of cancer biology, it is seen
that there is an increasing interest in studies
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compounds obtained from plants. It is known
that the fruit and essential oils of the juniper
tree were used in digestive system disorders
in the Middle Ages, the Juniperus oxycedrus
species was consumed in Turkey and used in
different sectors such as medicine, cosmetics
and food [3]. In the literature, there are
studies examining the anti-inflammatory,
antinociceptive, antibacterial and anticandidal
effects of the extracts of the juniper plant,
which has many species, prepared with
various solvents[4, 5]. Huyan et al. stated that
Juniperus sabina extract exerts an inhibitory



Experimental articles

effect on HepG-2 and K-562 cells by reducing
cell viability and inducing apoptosis through
upregulation of the expression of apoptosis-
related genes FasL, caspase 3 and caspase 9[6].

The aim of the project is to determine the
anticancer effects of methanolic extracts
prepared from the fruit parts of J. oxycedrus
plant collected from Niksar district of Tokat,
Turkey, in cells where chronic myeloid
leukemia can be modeled.

Within the scope of this study, phyto-
chemical analyzes of J. oxycedrus plant
extract, determination of cytotoxic dose
range with MTT (3-(4,5 dimethylhiazol-2yl)-
2,5-diphenyl tetrazolium bromide) in K-562
and ECV-304 cells, and gene expression
analysis at determined doses were performed.
ECV-304 cells were used as control group.

Changes in expression of Akt, BCL-2 and
Caspase 3 genes selected as target genes were
examined by Real-Time PCR. As a result of the
studies, the anticancer effects of J. oxycedrus
extract on chronic myeloid leukemia cells were
investigated through signal pathways.

Materials and Methods

Preparation of Juniperus oxycedrus
Extracts

The plants were collected from Tokat
Niksar Akinci Village in October (Turkey).
Identification of species was done by Prof. Dr.
Emine Akalin Urusak from Istanbul University,
Faculty of Pharmacy. The fruits of the plants
were separated from each other and air-dried
at room temperature. Fifteen grams of fruit
were extracted twice with 150 mL of methanol
separately. Extraction was carried out in a
shaking hot water bath at 50 °C for 8 hours and
then by maceration at room temperature for 16
hours. The amount of extract was determined
by taking the first and last weighing of the
balloon. The extract was stored at +4 °C to be
used in the next experimental stages.

Phytochemical Screening

The J. oxycedrus extract was analysed for
the presence of the phytochemicals. For the
screening of alkaloids, saponins, tannins,
glycosides, phenols, carbohydrates, proteins,
and flavonoids; the method of Khuda et al. was
used [7].

Test for Alkaloids

Hager’s test is used for determination of
alkaloid presence in the extract. In this test,
3—4 drops of Hager’s reagent (picric acid) were
added to 2 mL plant extract. The appearance

of a yellow precipitate shows the presence of
alkaloids.

Test for Saponins

In a test tube, 2 mL plant extract and
distilled water was mixed and shaked
vigorously for 5 minutes. The formation of a
thick foam at the top of the tube reveals the
presence of saponins.

Test for Flavonoids

Test for detection of flavonoids was
performed by adding a few drops of ferric
chloride to 2 mL plant extract. The appearance
of blakish-red precipitates confirmes the
presence of flavonoids.

Test for Tannins

Alkaline reagent test is wused for
determination of tannin presence in the
extract. In this test, 2 mL of plant extract and
1IN sodium hydroxide was mixed thoroughly.
The formation of red or yellow precipitates
shows the presence of tannins.

Test for Glycosides

Keller Killiani test is performed for
determination of glycoside presence in the
plant extract. This test was performed by
addition of 1 mL of the extract and glacial
acetic acid in a test tube. After cooling the
mixture 2—3 drops of ferric chloride added
to the tube. Finally, 0.5 mL sulfuric acid
was added through the sides of the test tube.
The formation OD reddish-brown ring at
the junction of the two layers confirmed the
presence of glycosides.

Test for Carbohydrates

Benedict’s test was used for analysis of
the carbohydrates in the extract. A few drops
of Benedict’s Reagent were mixed with the
extract, followed by boiling. The formation of
reddish-brown precipitates shows the presence
of carbohydrates.

Test for Proteins

Xanthoproteic test was performed by the
addition of fewdropsofconcentratednitricacid
to about 1 mL of the extract. The appearance of
yellow color revealed the presence of proteins
in the extract.

Mammalian Cell Culture and Cell Viability
Analysis

K-562 (ATCC® CCL-243™) and ECV-304
cells were passaged as suggested by Atasever-
Arslan, 2016 [8]. MTT test was performed
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for cell viability analysis. J. oxycedrus stock
extracts were prepared with methanol at
concentrations of 50, 20, 10 and 5 ng/mL and
made ready for MTT assay. Cells were treated
with the extracts for 48 hours. ECV-304 cells
incubated with the medium were used as the
control group [9]. The cytotoxicity index
was calculated by comparing the cytotoxicity
values of the extracts with the cytotoxicity
values of the control group.

RNA Isolation

Total RNA was isolated from K-562 cells
treated with the substance at the concentration
determined by the cytotoxicity test for
24 hours, with BIO BASIC Total RNA Miniprep
as recommended by the manufacturer.

¢c-DNA Synthesis and Real-Time PCR

¢cDNA synthesis from total RNA was
performed with OneScript ¢cDNA Synthesis
Kit according to the manufacturers protocol.
After incubation of K-562 cell line with J.
oxycedrus extract, changes in expression of
Bcl-2, AKT, caspase 3 and B-actin genes were
analyzed by Real-Time PCR (qPCR) method
using BrightGreen 2X qPCR MasterMix. The
primer sequences of the target genes are shown
in Table 1. B-actin was used as the reference
gene. Gene expression changes were calculated
using the 2-AACt method.

Results and Discussions

Phytochemical Screening Results

The  results obtained after the
phytochemical evaluation of <. oxycedrus
extract are shown in Table 2.

Cytotoxicity Analysis Results

The cytotoxic effect of J. oxycedrus
microalgae fruit extract against K562 cells was
investigated using the MTT cytotoxicity test.

Non-cancer ECV304 cells were used as controls.
It showed that 50 pg/mL concentration had
the highest cytotoxic effect against K562
and ECV304 cells at a rate of 49+7.23% and
64+2.62 respectively. Other concentration
of the extract (20, 10 and 5 pg/ mL) showed
28+1.26%, 24+3.26% and % 0+2.83
cytotoxicity against K562 cells, respectively
and 39+12.97%, 4+1.69% and 17+19.84%.
The most appropriate dose of JJ. oxycedrus fruit
extract for all experiments in this research
was determined as 50 pug/mL considering cell
viability (Fig. 1).

Real-Time PCR Results

After determining the appropriate dose
(50 ng/mL) K-562 cells were incubated with
the extract for 24 hours, RNA isolation was
performed. cDNA was synthesized from the
isolated total RNA. qPCR experiments were
carried out using the obtained ¢cDNA and
specific primers. The primers used are BCL-2
and Caspase 3, which are involved in signaling
pathways associated with apoptosis, and Akt,
which is a member of the PISK/Akt/mTOR
pathway.

Akt is an important signaling molecule in
tumor formation and progression. Itisinvolved
in cell proliferation and survival. A 1.092-fold
change in gene expression was observed in
K-562 cells incubated with J. oxycedrus fruit
extract, close to control (Fig. 2).

BCL-2, the main regulator of the intrinsic
pathway of apoptosis, is an antiapoptotic gene
and is responsible for suppressing apoptosis.
As aresult of the experiments, it was observed
that J. oxycedrus fruit extract decreased BCL-
2 gene expression by 0.208 times in K-562 cells
(Fig. 3).

Caspase 3 is one of the effector caspases
located at the junction of the intrinsic and
extrinsic apoptotic signaling pathways. It
plays a role in apoptosis by being induced by

Table 1. Primer Sequences of the Target Genes

Target Gene Primer Sequence
Bel.2 Forward: 5-GGTGGGGTCATGTGTGTGG-3'
o Reverse: 5'-CGGTTCAGGTACTCAGTCATCC-3'
AKTL Forward: 5'-AGCTCAGCCCACCCTTCAA-3'
Reverse: 5'-GCTGTCCACACACTCCATGCT-3'
C 3 Forward: 5'-CAAACTTTTTCAGAGGGGATCG-3’
aspase Reverse: 5-GCATACTGTTTCAGCATGGCAC-3'
B-aktin Forward: 5-GGACATCCGCAAAGACCTGTA-3’
@ Reverse: 5'-ACATCTGCTGGAAGGTGGACA-3'
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Table 2. Phytochemical Screening Test Results
of Juniperus oxycedrus extract

Phyto- Chem Results
chemicals emical Tests Juniperus
oxycedrus
Alkaloids Hager’s test -
Saponins Foam test -
Flavonoids General Test +
Tannins Alkalil’i‘ee ieagent n
Glycosides Keller Killiani Test +
hg?llr:g(zés Benedict’s Test e
Proteins Xanthoproteic Test N

** Green (0,1-0,5 % sugar), N: Not detected

1004 .
B K562

£ ECV304
80- .

704
604 *

504

%o Cell viability

30+
204
10+

& “ N P &
o
Concentration of J. exycedrus fruit extract (pg/mL)
Fig. 1. Cytotoxic effects of J. oxycedrus fruit
extract against K562 and ECV304 cells
The control was accepted as 100% and considered
as baseline, then the amount of decrease in cell via-
bility was shown at 5, 10,20, and 50 ng/mL,
respectively (* P < 0.05)

various members of the BCL-2 family. While
J. oxycedrus fruit extract decreased BCL-2
expression, a 1.218-fold increase in Caspase 3
expression was observed (Fig. 4).

Acute myeloid leukemia is the most
common among adult leukemia and has the
lowest survival rate. Genetic mutations are
found in 97% of cases. Although the cause that
induces the mutations is unclear, exposure to
carcinogenic agents are risk factors [10].

In chronic myeloid leukemia, oncogenic
fusion of BCR-ABL1 genes occurs as a result
of translocation between chromosomes 9 and
22. The abnormal tyrosine kinase activity

Akt
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Fig. 2. Effect of J. oxycedrus fruit extract on Akt
gene expression
(* P >0.05)
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Fig. 3. Effect of J. oxycedrus fruit extract on
BCL-2 gene expression
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Fig. 4. Effect of J. oxycedrus fruit extract

on Caspase 3 gene expression
(* P <0.05)

67



BIOTECHNOLOGIA ACTA, V. 15, No 5, 2022

exhibited by the BCR-ABL1 fusion protein
leads to uncontrolled proliferation of cells
and malignancy of pluripotent stem cells by
activation of Ras/Raf/mitogen-activated
protein kinase (MAPK) pathways [11]. In the
treatment of the disease, the use of tyrosine
kinaseinhibitors, whichblockthe ATPbinding
site of ABL1, is generally preferred. However,
when drug resistance or drug sensitivity is
observed in patients, additional therapies
are needed [12]. In addition, due to the side
effects of anticancer drugs, it is important to
elucidate the anticancer activities of various
natural products to support the treatment
and to determine the supportive properties of
chemotherapy[11, 12].

The bioactive metabolites contained in the
juniper plant, which has many species, have
been used in public health since ancient times.
In one of the studies examining the effects
of various cytotoxic juniper extracts with
high antiproliferative effect, high efficiency
activity was observed in K-562 human chronic
myeloid leukemia cells. Studies show that
juniper species, which can perform efficient
biosynthesis of antiproliferative agents, are
a natural source of drug precursors in the
pharmaceutical industry [13].

Inthescopeof thisstudy, the phytochemical
structure and cytotoxic effect of J. oxycedrus
extract was investigated; and the changes in
the expressions of Aktl, the member of the
PIBK/Akt/mTOR signaling pathway, caspase
3, which is one of the main effective genes in
the pathways regulating apoptosis, and the
apoptosis suppressor BCL-2 gene, which is an
oncogene, were investigated.

Asaresult of the MTT tests, it was observed
that the extracts obtained from the fruit
parts of the J. oxycedrus plant showed over
approximately 50% cell viability in K-562
cells at all doses. It is seen that the viability of
K-562 cells decreases as the dose increases in
the fruit extract. The viability of ECV-304 cells
is also very low at a dose of 50 ng/mL, where
the fruit extract has the highest lethality.
ECV-304 cells are intravascular endothelial
cell line. Angiogenesis plays an important role
in metastasis [14]. The fact that the selected
50 pg/mL dose in these cells is cytotoxic
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indicates that the extract reduces metastasis
and vascularization in the cells. This 50 pg/mL
dose was chosen for the further experimental
stages in order to investigate the intracellular
signaling mechanisms.

After the gene expression analysis, it was
observed that Akt expression increased 1.092
times (not statistically significant, P > 0.05),
BCL-2 expression decreased approximately
3.3 times, and caspase 3 expression increased
1.2 times.

Aktl is an important signaling molecule
in tumor formation and progression.
Dysregulation of Akt causes diseases that are
difficult to treat clinically, such as diabetes,
neurological and cardiovascular diseases,
including cancer. Aktl is widely found in
tissues and is involved in cell proliferation and
survival [15]. Its overactivation may mediate
cellular events that promote tumorigenesis
through its downstream effectors. Therefore,
it is one of the most overactivated protein
kinases in human cancers [16].

BCL-2isaproapoptotic gene and suppresses
elements that induce apoptosis. The decrease
in its expression may pave the way for cancer
cells to turn to apoptotic pathways. Caspase 3
is one of the essential elements of the apoptotic
pathway. It is a determinant gene in the
pathway to apoptosis when activated by other
apoptotic signals [17]. A 1.2-fold increase in
its expression may produce a similar effect to
the decrease in BCL-2, resulting in apoptosis
and programmed death of cells.

The obtained results revealed that the
compounds contained in the J. oxycedrus plant
were considered worthy of investigation in
terms of their anticancer effects on chronic
myeloid leukemia cells, but more research is
still needed.
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Mema. Barato reHetwuHumX (axkTopiB i (paxkTopiB HABKOJIUIIHBOTO CEPENOBUINIA MOXKYTH OyTH
e(peKTUBHUMIU B IPOIleCi BUABJIEHHSA Ta IIKYBAHHS OHKOJOTIUYHIX 3aXBOPIOBAaHb. 3alI00irTH MporpecyBauHIio
JelikeMil MoKHa, KOHTPOJIIOIOUN MIJIAXU, IO BKJIOUYAIOTHL TaKi MexaHisMu, SK anmomnTos i ayrodarig. €
IOCJIiIPKeHH, AKi TeMOHCTPYIOTH BILJIVB PiSHUX BU/IiB AJJiBI[IO Ha PisHi JiHII paKOBUX KJIITHH, BKJIOUYAIOYUN
KJIITUHU XPOHIYHOIO Mi€JOIHOTO JIEMKO3Yy JIIOAWHU, ajle CUTHAJNbHI HIJIAXU, 3a AKUMH BOHU OilOTh, HE
TOBHiCTIO BioMmi. ¥ 11i#t po6oTi 6yJI0 ZOCTiAKEeHO IPOTUNYXINHHY Iif0 eKCTPaKTy Juniperus oxycedrus Ha
KJITUHU XPOHIYHOTO MiegoigHoTO JetiKko3y Jioguau K-562.

Mamepiaau it memodu. Ilicna o6pobrku KiaiTmH eKcTparkToM Juniperus oxycedrus 0yJi0 IPOBeIEHO
aHaJIi3 IMMUTOTOKCUYHOCTI Ta eKcipecii reniB. 3minu B ekcmpecii Akt, urena curmanpaoro nuisaxy PISK/
Akt/mTOR; kacmasa 3, siKka € OJHUM 3 OCHOBHHUX e(EKTHUBHHUX T'eHiB y ILIAXaX Perysdllil amomTosy; i
JocaimsxeHo rex cymnpecopa amnontody BCL-2, akuii € O0HKOTeHOM.

Pesyavmamu. 3rigHo 3 pesyabraTamu Tecty MTT, eKCcTpakT ATiBII0 OKCHUIEAPOBOTO TOKAa3aB IIPUOJIM3-
HO 50% sxurresmarHocTi Kiaitua K-562 y Bcix mosax. Ha#iGinbin BigmmoBigHa 103a eKCTPAKTY ILIOLIB J u-
niperus oxycedrus y 1boMy OOCJIifKeHHi Oysia BusHaueHA AK 50 MKI/MJI 3 ypaXyBaHHAM JKUTTE3LATHOCTI
kiaituH. Ilicaa ananisy ekcmpecii reHiB 0yJio BusaBJIeHO, 110 ekcipecia BCL-2 smenmuiacs npubans3HoO B
3,3 pasu, a exkcipecisa kKacmasu 3 3pocia B 1,2 pasu. Xoua ekcupecis reay Akt spocsa B 1,092 pasu, Boua
He OyJia CTATUCTUYHO 3HAUYIIIOIO.

Bucnosrxu. KomnosnenTu pociaunu Juniperus oxycedrus MOKYTh MaTU alIOITOTUYHUH e(heKT Ha KIiTUHU
XPOHIYHOTO Mi€JOIZHOTO JIENKO3Y.

Knwuwoei cnosa: Juniperus oxycedrus; 1efiKo3; amoiTos.
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