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Anthropogenic impact, intensive industrial 
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 

UDС 581.6:582.37:631.5           https://doi.org/10.15407/biotech15.05.005

WATER FERNS OF Salviniaceae FAMILY 
IN PHYTOREMEDIATION AND PHYTOINDICATION 

OF CONTAMINATED WATER

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

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. 
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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, 
which allows them to exist in any environmental 
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, 
Hydro  charitaceae, Potamogetonaceae, Typha-
ceae, Najadaceae, Pontederiaceae and Jun-
caceae [3]. 

Phytoremediation technology is a successful 
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 (Pb), 
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

Hydr ophyte 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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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. natans can be 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 NH4

+ ions 
and NO2

– nitrites [40]. S. natans neutralizes 
significant concentrations of auxin herbicides, 
in particular 2,4-D in culture medium [41], 

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

A B
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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 μM 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 natural 

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 [45–47]. 
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, 
0.2–1 cm long. Three stages in 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 

Fig. 2. Map of distribution of the macrophyte Salvinia natans in Ukraine [26]
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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

Salvinia natans 15 mg/L Zn — 84.8%; Cu — 73.8%;
Ni — 56.8%; Cr — 41.4% [91]

Salvinia natans
Cd — 80 mg/L; 
Pb — 50 mg/L; 
Ni — 20 mg/L

Cd — 23550 μg/g DW
Pb — 9570 μg/g DW

Ni — 42363 μg/g DW
[92]

Salvinia minima

Zn –1.00 mg/L
Ni — 0.40 mg/L
Cd — 0.03 mg/L
Pb — 1.00 mg/L

Zn — 0.4046 mg/m2

Ni — 0.0595 mg/m2

Cd — 0.0045 mg/m2

Pb — 0.1423 mg/m2

[71]

Salvinia minima 0, 20, 40, 80, 
160 M NiCl2

16.3 mg/g [76]

Salvinia minima  Pb (II) — 20–40 μM
AsO4

3– — 200 μM

Рb — 34  mg/g
As — 0.5 mg/g DW [78]

Salvinia minima Cr (VI) in the form K2Cr2O7 
 1 and 2 mg/L

302.61  mg/g DW 
451.39  mg/g DW [79]

Salvinia minima
Cd (II) — 4 mg/L
Pb (II) — 3 mg/L
Cr (VI) — 4 mg/L

Cd (II) — 82.59%, 
Pb (II) — 97.44%, 
Cr (VI) — 80.31%

[73]

Salvinia minima Wastewater PO4 — 59% 
NO3 — 67.4% [80]

Salvinia minima CuSO4 and 
ZnSO4 — 80 μM/L

Cu — 6.96 mg/g DW
Zn 19.6 mg/g DW [93]

Salvinia minima

Wastewater 
Pb2+, Zn2+, Ni2+  

10 mg/L;
Dyes methylene blue (MB), 

crystal violet (CV), Bismarck brown 
(BB) — 10 mg/L

Pb2+, Zn2+ and Ni2+

 98.56, 95.69 and 92.99%;
CV, MB and BB

99.4, 99.1 and 96.5 5

[77]

Salvinia molesta Waste of coal mines

Pb — 96.96%; Ni — 97.01%;
Cu — 96.77%; Zn — 96.38%;
Mn — 96.22%; Fe — 94.12%;
Cr — 92.85%; Cd — 80.99%

[94]

Salvinia molesta Cu — 1.092 mg/L; Cr– 2.201 mg/L; 
Pb — 2.974 mg/L; Cd — 0.251 mg/L

Cu — 2.035 mg/L
Cr — 1.05 mg/L

Pb — 1.924 mg/L
Cd — 0.018 mg/L

[95]

Salvinia molesta

Cu — 0,01 ppm
Fe — 0,775 ppm
Ni — 0,009 ppm
Zn — 0,135 ppm

Cu –20%
Fe — 4,5%
Ni — 50%

Zn — 10,3%

[56]

Salvinia molesta Aqueous solutions of mercury chloride 
and lead chloride — 25, 50, 75, 100 mg/L

Pb — 85%
Hg — 74% [57]

Salvinia molesta Wastewater
Ni2+, Cr3+, Cd2+, Pb2+,10  μg/L Ni, Cr, Cd, Pb — 85–90% [58]

Salvinia molesta Industrial wastewater Na — 30% [59]

Salvinia molesta Textile wastewater BOD and COD — 99%, [60]

Salvinia molesta Household wastewate

Turbidity — 97.7 %
phosphates — 97.7%

ammonia nitrogen — 99 %
nitrates — 90.6%

[61]

Salvinia biloba Cu
5  μg/mL 11861  μg/L [65]
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45, which makes it genetically incapable of 
sexual reproduction and the completion of 
meiosis. Asexual vegetative reproduction at a 
fast pace is 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 [52]. 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 

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 
[57]. 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, 

Table 1. End

Salvinia spp. Indicator of contamination Indicator of phytoremediation Source

Salvinia biloba River water
Pb — 30,57 mg/L Pb — 86.7% [37]

Salvinia biloba

Pb2+

4.8 mg/L
9.1 mg/L 

19.6 mg/L

Pb2+

97.7%
96.6%
91.6%

[66]

Salvinia biloba Contaminated water 100  μМ Cd Floating fronds — 23 mg/g DW
Submerged fronds — 12 mg/g DW [96]

Salvinia biloba
Contaminated water Cd, Cu, Pb and 

Zn
 50 and 100  μМ

Cu and Pb 96%,
Cd — 79% and 56% under 50 and 

100 μМ,
Zn — 77 and 70% under 50 and 

100 μМ

[69]

Salvinia biloba Pb2+

5.9, 8.2 and 22 ppm 5–10% [67]

Salvinia biloba Hg 
0.05, 0.1 and 0.2 μg/mL 277.9 μg/g [68]

Salvinia cucullata NH4
+ — 0.5, 1, 5, 10 and 15 mM The content of nitrogen increased, 

potassium absorption decreased [81]

Salvinia cucullata Wastewater
BOD — 43.02%, COD — 31.04%, 
nitrates — 20.00%, ammonium — 

5.26%, total phosphorus — 81.25%
[82]

Salvinia rotundifolia Industrial wastewater Pb(II) 0.651 
ppm

50 g of fresh biomass removed 85-
95% Pb(II) from 1.5 l of wastewater [89]

Salvinia auriculata River water
Ti, Fe, Mn, Cu, Zn, Sr

Ti — 3303, Fe — 4344,
Mn — 2882, Cu — 1366,
Zn — 34, Sr — 66 μL/μg

[88]

Salvinia auriculata Artificial reservoirs Hg — 0.2 ng/L
Floating fronds — 85–246 ng/g DW
Submerged fronds — 88–265 ng/g 

DW
[87]

Salvinia herzogii Water solutions 
Cr, Cd, Pb 

Submerged fronds –
Pb > Cd > Cr,

Floating fronds — 
Cd > Pb > Cr

[84]

Salvinia herzogii

River water
Cr < 1 g/L;
Ni < 3 g/L;
Zn < 25 g/L

Zn — 35–42%,
Ni — 47–52%,
Cr — 99–100

[85]
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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 
[37, 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/l), lead (1.00 mg/l),  zinc 
(1.00 mg/l) 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 μM Pb(NO3)2 depended 
on the chelation and biosequestration of metals 
mediated by phytochelatins. Submerged 
fronds accumulated significantly more lead 
(II)  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, CO2 
intake decreased [75]. A concentration of 
nackel above 80 μM 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 
(II), zinc (II) and nickel (II). 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 
NO3 and PO4, 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  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 t he 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  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, 

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. mi ni ma, 
S. molesta, S. natans and S. ro tun difolia 
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 cm 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 μM/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 
aqueous and galvanic solutions, even at extreme 
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 AlCl3 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])

Azolla spp. Heavy metal 
(HМ)

Initial concentration 
of HМ

Duration 
of the 

experiment (d)

Accumulation of HМ 
(DW) or absorption 

efficiency (%)
Source

Azolla 
pinnata

Hg 3.0 mg/L 13 667 μg/g [125]

Hg 10.0 μg/L 21 450 μg/g [126]

Hg 3.0 mg/L 6 940 μg/g [127]

Cd 3.0 mg/L 13 740 μg/g [125]

Cd 10.0 mg/L 7 2759 μg/g [128]

Cr(III) 3.0 mg/L 13 1095 μg/g [129]

Cr(VI) 20.0 μg/L 14 9125 μg/g [130]

Ni 500 mg/L 7 16252 μg/g [128]

Fe 100 ppm 20 87 % [118]

Zn 100 ppm 20 81 % [118]

Azolla 
caroliniana

As 80.0 μg/L 7 >120 μg/g [131]

Pb 1.0 mg/L 12 416 μg/g [132]

Cd 1.0 mg/L 12 259 μg/g [132]

Cr(VI) 1.0 mg/L 12 356 μg/g [110]

Cr(III) 1.0 mg/L 12 964 μg/g [110]

Hg 1.0 mg/L 12 578 μg/g [110]

Pb 20 mg/L 10 5 mg/g [111]

Azolla 
filiculoides

As 80.0 μg/L 7 >60 μg/g [131]

Cr(VI) 20.0 μg/L 14 12 383 μg/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 μg/g [128]

Ni 9.0 mg/L (ppm) 4 8814 ppm [133]

Ni 500 mg/L 7 28 443 μg/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]

Al 5.0 mg/L 8 96% [112]

Cr 5.0 mg/L 8 10% [112]

Pb
5 mg/L

 10 mg/L
 25 mg/L

15
95%
97%
79%

[115]

Ni
5 mg/L

 10 mg/L
 25 mg/L

15
71%
69%
77%

[115]

Cd
5 mg/L

 10 mg/L
 25 mg/L

15
93%
89%
66%

[115]

Cd
1 mg/L

2.5 mg/L
 2.7 mg/L 

188.7 mg/kg
673.5 mg/kg
93.11 mg/kg

[117]

Cu 2.6 mg/L 1169.45 mg/kg [117]

A. 
microphylla

Cr(VI) 20.0 μg/L 14 14 931 μg/g [130]

Ni 500 mg/L 7 21 785 μg/g [128]

Cd 10.0 mg/L 7 1805 μg/g [128]

Al 100, 250, 500 
and 750 μM 6 195.8 μg/g FW [119]

A. imbricata Cd 0.5 μg/L 9 183 μg/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 used. 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 μM), 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. 
The plants showed typical signs of 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/L lead. With an increase 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 NH4

+. 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-
ri culata were inhibited [140].

In A. microphylla plants under high 
concentrations of aluminum in water (up to 
750 μM), 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.

Conclusion

Aquatic macrophytes of the Salviniaceae 
family play an important role in the 
phytoremediation of contaminated waters, 
improve water quality, promote the circulation 
of nutrients, stabilize and optimize the 
habitat of other species of flora and fauna. 
They are characterized by rapid growth, 
accumulation of significant biomass, are able 
to absorb heavy metals and other hazardous 
waste, possess physiological and molecular 
mechanisms of adaptation to the toxic effects 
of pollutants. Aquatic macrophytes of the 
Salviniaceae family remove pollutants from 
waters by surface adsorption and incorporate 
them into their own system or store them in 
bound form. Species of the genera Salvinia 
and Azolla are successfully used to assess the 
ecological state of waters, the ecotoxicological 
effects of pollutants are studied on them, and 
biotechnological approaches for biotesting are 
developed. The properties and characteristics 
summarized in the review reveal the enormous 
potential of water ferns for the creation of 
ecologically acceptable and economically 
profitable modern biotechnologies for the 
purification of large volumes of polluted waters 
from substances harmful to the environment.

This review was prepared as a part of 
research work 0121U114018 “Exogenous 
phyto hormones in the regulation of growth 
and development of aquatic macrophytes 
of the genus Salvinia — perspective for 
phytoindication and phytoremediation of 
contaminated water” supported by the National 
Academy of Sciences of Ukraine.
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ВОДНІ ПАПОРОТІ РОДИНИ Salviniaceae
У ФІТОРЕМЕДІАЦІЇ ТА ФІТОІНДИКАЦІЇ ЗАБРУДНЕНИХ ВОДОЙМ

Косаківська І.В., Веденичова Н.П., Щербатюк М.М., 
Войтенко Л.В., Васюк В.А.

Інститут ботаніки імені М. Г. Холодного 
НАН України, Київ

Проблематика. Водні екосистеми зазнають значних стресових навантажень та виснаження через 
надходження забруднюючих речовин неорганічного та органічного походження, що створює серйозну 
загрозу для здоров’я людей. Програма ООН з навколишнього середовища визначила фіторемедіацію 
як ефективну екотехнологію видалення, детоксикації та іммобілізації полютантів за допомогою рос-
лин. Папороті гідрофіти родини Salviniaceae належать до перспективних фіторемедіантів. Вони ха-
рактеризуються високими темпами росту, стійкістю до несприятливих екологічних чинників, здатні 
адсорбувати полютанти, серед яких важкі метали. Види родів Salvinia та Azolla використовують для 
оцінки екологічно стану водойм та дослідження екотоксикологічних ефектів забруднюючих речовин 

Мета. Аналіз та узагальнення новітніх наукових результатів з використання видів родини 
Salviniaceae для фіторемедіації та фітоіндикації забруднених водойм.

Результати. У цьому огляді ми навели ключову інформацію про новітні фітотехнології, серед 
яких фітодеградація, фітостабілізація, ризофільтрація, ризодеградація та фітоволатизація. Охарак-
теризували особливості росту і розповсюдження видів родів Salvinia та Azolla та представили акту-
альну інформацію щодо використання водних папоротей для очистки забруднених водойм від важ-
ких металів, неорганічних та органічних забруднювачів. Обговорили відомості щодо фізіологічних та 
молекулярних механізмів адаптації видів родів Salvinia та Azolla до токсичної дії полютантів різного 
походження. Окрему увагу ми зосередили на використанні водних папоротей родини Salviniaceae
для контролю забруднення водойм.

Ключові слова: Salviniaceae, водні екосистеми, фіторемедіація, біоіндикація, органічні та 
неорганічні забруднювачі.
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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 

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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INFLUENCE OF THE LIPID COMPOSITION 
ON THE PROPERTIES, TECHNOLOGY AND QUALITY 

INDICATORS OF LIPOSOMAL DRUGS

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

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.
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(MLVs) vesicles, and multivesicular LSs 
(MVLs). OLV and MLV contain 2–5 or more 
than 5 concentric lipid bilayers. Unlike MLVs, 
MVLs consist of hundreds of concentric water 
compartments bounded by a single lipid bilayer 
membrane. Depending on the particle size, ULVs 
are divided into small 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-

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, PhI, and 
Chol (Fig. 2).

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

Table 1. LS-drugs, developed in Ukraine

Legend. EPC — egg phosphatidylcholine, DPhG — diphosphatidylglycerol, DPPG — dipalmitoylphosphati
dylglycerol, Chol — cholesterol, PhG — phosphatidylglycerol, PhI — phosphatidylinositol.

Product name Application area API composition LS size, 
nm

Lipid 
composition 

Development 
stage Ref.

Lipin®
Pulmonology, 
nephrology, 
cardiology

 ЕРС 80–140 ЕРС Licensed in 1991 2, 32

Lipodox® Oncology Doxorubicin 
hydrochloride 80–120 ЕРС, Chol Licensed in 1998 2, 9, 

22

Lioliv® Hepatoprotector Antral 90–130 ЕРС Licensed in 2003 2, 27

Lipoflavon® Cardiology, 
ophthalmology Quercetin 130–160 ЕРС Licensed in 

2006/2007 2, 26

LS irinotecan Oncology Irinotecan 
hydrochloride 80–120 EPC, Chol Preclinical trials 24, 25

LS cytochrome С Cardiology Cytochrome С 120–170 ЕРС, DPPG Preclinical trials 12

Lipotax Oncology Docetaxel 120–150 DPhG, EPC Laboratory 
studies 

2, 19, 
25

Lipoplat Oncology Cisplatin 140–180 EPC, Chol, 
PhG, PhI Clinical trials 2, 6, 

21

LS curcumin Antioxidant, 
cardioprotector Curcumin 150–200 DPPG, EPC Laboratory 

studies 13, 14

LS coenzyme 
Q10 

Antioxidant, 
cardioprotector Coenzyme Q10 140–180 DPPG, EPC Laboratory 

studies 2
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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, such as 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 

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 

Fig. 2. Structure of phospholipids
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rigidity. A number of authors have also reported 
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 
components in organic solvents, 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.

It has been established 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 — indicators characterizing the identification 
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)); 
III — 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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ВПЛИВ ЛІПІДНОЇ КОМПОЗИЦІЇ НА ВЛАСТИВОСТІ, 
ТЕХНОЛОГІЮ ТА ПОКАЗНИКИ ЯКОСТІ 

ЛІПОСОМАЛЬНИХ ПРЕПАРАТІВ
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Ліпосомальні системи доставки ліків є прикладом застосування нанопрепаратів у медичній прак-
тиці. Інкапсуляція активних фармацевтичних інгредієнтів у ліпосомальні наночастинки дозволяє 
збільшити їх біодоступність та ефективність.

Мета. Стаття присвячена аналізу ліпідного складу розроблених в Україні ліпосомальних препа-
ратів, його впливу на вибір технології одержання та контрольних параметрів.

Результати. Розглянуто ліпідний склад ліпосомальних препаратів, розроблених в Україна за 
останні роки. Проаналізовано переваги та недоліки природного фосфатидилхоліну як основного 
мембраноутворюючого ліпіду. Наведені дані щодо впливу аніонних фосфоліпідів та холестерину у 
складі ліпосомальної мембрани на стабільність ліпосомальних наночастинок та ступінь інкапсуляції 
активного фармацевтичного інгредієнту. Розглянуто основні технологічні етапи одержання ліпосом 
з гідрофільними та гідрофобними активними фармацевтичними інгредієнтами. Визначено основні 
групи показників якості ліпосомальних лікарських форм.

Висновки. Ліпідна композиція визначає структуру та фізико-хімічні властивості ліпідної мемб-
рани, механізм та ступінь інкапсуляції активного фармацевтичного інгредієнту, що суттєво впливає 
на фармакологічну ефективність ліпосомальних систем доставки ліків.

Ключові слова: нанобіотехнологія, система доставки ліків, ліпосомальний препарат, фосфоліпіди, 
аніонні фосфоліпіди, фосфатидилхолін, холестерин.
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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. 
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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/l. 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 to be expressed in the cornea and iris, 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 

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 virus entry into 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 
to have lower lactoferrin’s concentration [18]. It 
has been 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 defi cit 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” (№1759-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 (IgG) 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 
antibodies to lactoferrin was obtained 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 

0.05 M tris-HCl, pH 7.4, containing 0.15 M 
NaCl (TBS). Globulin solution was dialyzed 
against six changes of 100 volumes of the same 
tris-HCl 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 cm3) 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-HCl, 
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 Mm 
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 

Fig. 1. The scheme of rabbit immunization 
(LF — lactoferrin, CFA — complete Freund’s

 adjuvant, IFA — incomplete Freund’s adjuvant)
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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-HCl, 0.1 M 
tricine, pH 8.3) containing 192 mM glycine 
and 0.1% SDS, in “Mini-PROTEAN-ІІ” 
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 the 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-
HCl, 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 

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 
the all participants. The local 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. 
Lanes 1 and 6 correspond to elution peak of rabbit 
IgG (Mm ~ 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 protein according 
to densitometry data. It was shown in further 
experiments that these minor impurities 
did not influence the immunogenicity of the 

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 Mm 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 Mm 70 kDa, 
which corresponds to lactoferrin, and 
55 kDa, which corresponds to human serum 
albumin. It is obviously seen that tear fluid 

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  

Fig. 3. Electrophoregram of lactoferrin (A) and its western blot analysis with ECL detection (B) or staining 
with chromogenic substrate (C)

А CB
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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. 5A, all 
tear samples of control persons contain major 
intact lactoferrin band with Mm ~75 kDa and 
minor polypeptide of ~55 kDa, while native 
lactoferrin polypeptide is contained in less 
number of patient’s tear fluid. 

More over, in addition with decreased level 
of lactoferrin, all tear film samples of patients 
with corneal injury contains well-developed 
band with Mm 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 

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. 

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)
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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 bovine lactoferrin 
has been shown to improve the severity of viral 
infections including rotavirus and norovirus 
[14, 29]. Lactoferrin is able to bind to receptors, 
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 Sj gren 
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 
content in the tear fluid of patients with corneal 
injuries. Along with quantitative comparison of 
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 [35]. 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 

Fig. 5. Detection of lactoferrin in samples of the tear fluid by western blot (A) and the results 
of its densitometry analysis (B) (a.u. — arbitrary units)  

A B
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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 

the convenience of tear sampling. Besides, 
obtained antibodies may become valuable tools 
for fundamental immunological research, 
immunohistochemistry, diagnostic testing, 
and drug quality control. 
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ОТРИМАННЯ АНТИТІЛ ДО ЛАКТОФЕРИНУ ТА ЇХНЄ ВИКОРИСТАННЯ 
В АНАЛІЗІ СЛІЗНОЇ РІДИНИ У НОРМІ ТА ЗА ПОШКОДЖЕННЯ РОГІВКИ
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Лактоферин є мультифункціональним протеїном, що синтезується різними тканинами організму 
та володіє антимікробною та імуномодуляторною активністю. Лактоферин відіграє провідну роль у 
підтриманні нормального функціонування ока. 

Метою роботи було одержати поліклональні антитіла до лактоферину людини для їхнього 
використання у визначенні вмісту лактоферину в слізній рідині, отриманої за норми та з очей з 
ушкодженою рогівкою. 

Матеріали та методи. Фракцію імуноглобулінів G (IgG) було виділено з сироватки крові 
кролів, імунізованих лактоферином, за допомогою афінної хроматографії на протеїн А-сефарозі. 
Ступінь чистоти протеїну на кожній стадії очищення перевіряли за допомогою денатуруючого гель-
електрофорезу (SDS-PAGE). Розпізнавання цільового антигену отриманими антитілами оцінювали за 
допомогою вестерн-блот аналізу з використанням розчину фракції IgG. Рівень лактоферину в слізній 
рідині, отриманої із здорового ока (n = 4) та з ока пацієнтів з непроникаючим пошкодженням рогівки 
(n = 6) визначали імунохімічно з використанням отриманих антитіл. Результати визначення вмісту 
лактоферину в сльозі за умов норми та за травмування рогівки аналізували з використанням U-тесту 
Манна-Уітні. Міжгрупова різниця вважалася статистично достовірною за Р < 0,05.

Результати. Антитіла до лактоферину людини у вигляді фракції IgG було виділено на протеїн 
А-сефарозі з сироватки крові імунізованих кролів. Вестерн-блот аналізом було показано, що отримані 
антитіла розпізнають відповідний антиген як зону 75 кДа, яка відповідає за молекулярною масою 
інтактному поліпептиду лактоферину людини. Та ж сама поліпептидна зона була визначена вестерн-
блотом з підсиленою хемілюмінісцентною детекцією у зразках слізної рідини. Денситометричний 
аналіз поліпептиду 75 кДа уможливив встановити, що вміст лактоферину в сльозі, зібраної в пацієнтів 
з непроникаючими травмами рогівки є у 3,2 рази нижчим за цей показник у нормі (P < 0,05). 
Крім того, слізна рідина пацієнтів з пошкодженнями рогівки у значних кількостях містила також 
імунореактивні продукти розщеплення лактоферину, а також високомолекулярні поліпептиди, які 
можуть відповідати комплексам лактоферину з іншими протеїнами, що утворюються за розвитку 
запальних процесів. 

 Висновки. Згідно з наведеними даними, отримані антитіла до лактоферину можуть бути 
використані як корисний інструмент для створення удосконалених тестів та підходів для діагностики 
очних хвороб, пов’язаних з ушкодженням рогівки. Зниження вмісту лактоферину може слугувати 
прогностичним біомаркером перебігу ранового процесу в оці, зокрема, за непроникаючих травм 
рогівки, та є зручним до визначення в простий та неінвазійний спосіб.

Ключові слова: лактоферин; антитіла; вестерн блот аналіз; травми рогівки; слізна рідина.
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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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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. 
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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 (IC50 = 2.510–6), 
preventing the formation of polymeric fibrin 
[5]. 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 
CaCl2 solution were purchased from Siemens 
(Germany), ADP was purchased from Sigma-
Aldrich (USA).

Сalix[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 сalix[4]arene С-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 

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 CaCl2. 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 CaCl2 
(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 

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 2nd hour after the administration, 
reached the maximum on 6th 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 
A-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 

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

Fig. 2. Activated partial thromboplastin time 
of blood plasma clotting 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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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. 

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. 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

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

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

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
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Fig. 7. The rate of platelet aggregation after per 
oral (PO) administration of C-145 to rats 
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C-145 administration. n = 5. * P  0.05
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АПРОБАЦІЯ КАЛІКС[4]АРЕНУ ЯК АНТИТРОМБОТИЧНОГО ЗАСОБУ in vivo

В. А. Дідківський1, А. О. Павленко1, 2

1Інституту біохімії ім. О. В. Палладіна НАН України, Київ
2Київський національний університет імені Тараса Шевченка, 

ННЦ «Інститут біології та медицини» Україна

E-mail: didkivskiyvalik@gmail.com

Внутрішньосудинні тромбози є однією з основних причин смертності працездатного населення 
світу. Антитромботичних препаратів, що впливають безпосередньо на кінцеву стадію тромбозу — 
полімеризацію фібрину, наразі не створено. Однако раніше було описано нову сполуку калікс[4]
аренового ряду — калікс[4]арен C-145, яка безпосередньо взаємодіє з центром полімеризації 
фібрину «A».

Отже, метою цієї роботи було вивчення калікс[4]арену С-145 як антитромботичного агенту in vivo 
з використанням різних видів тварин і способів введення.

Матеріали та методи. Для дослідження калікс[4]арену C-145 in vivo використовували 
лабораторних тварин (щурів, мишей і кроликів). Для визначення антикоагулянтної дії 
після внутрішньовенного або перорального введення вимірювали активований частковий 
тромбопластиновий час і агрегацію тромбоцитів.

Результати. Оптимальним був визначений пероральний спосіб застосування. Показано 
значне подовження часу згортання в тесті АЧТЧ, яке спостерігалося, починаючи з 2-ї години 
після перорального прийому, досягало максимуму на 6-й годині та припинялася через 24 години. 
Дія калікс[4]арену С-145 на тромбоцити досягала максимуму через 4–6 годин і припинялася через 
12 годин.

Висновки. Було доведено, що калікс[4]арен C-145 є перспективним антитромботичним 
препаратом, який можна вводити перорально. Подальші дослідження мають бути зосереджені на 
вивченні фармакодинаміки та метаболізму калікс[4]арену C-145. Такі дані потрібні для якомога 
швидкого впровадження створено комплексу на практиці.

Ключові слова: калікс[4]арен; плазма крові; тромбоцити; тромбоз; згортання крові; нековалент-
ний комплекс.
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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 -adrenoceptor 
blocker, 0.2 mg/kg), Haloperidol (dopamine receptor blocker, 0.2 mg/kg), Cyproheptadine (Serotoninergic 
antagonist, 0.5 mg/kg) and Yohimbine (-2 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 (LD50) 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.

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 LD50, 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 

treated animals were monitored for 24 hours. 
The LD50 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  28  25 cm) with a painted black 
grid dividing the floor into 16 (77 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 
is manually 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 (2 -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, i.p.), 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 (LD50) 
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, i.p.) 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 (ANOVA) 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 

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. 
leaf in Swiss mice. Some of the neurobehaviour 
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 LD50. The LD50 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 LD50 is for an extract, the relatively safe 
the extract is assumed to be. The median lethal 
dose (LD50) of EOOG in mice was found to be 
2449 mg/kg (i.p., body weight).

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

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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which eventually causes changes in behavioural 
expressions in the mice. Neurobehavioural 
effects of Ocimum gratissimum on Novelty-
Induced Behaviours (NIB) (rearing, grooming, 
and locomotor activity) in mice were observed. 
Rearing is a vertical locomotor activity that 
involves an animal standing on its hind limbs 
while raising its forearms in the air or placed 
on the wall of the cage [8]. It is an indication 
of explorative behaviour which measures 

central nervous system excitation [16]. This 
behaviour has been used to classify test drugs/
substances as sedatives or stimulants [17]. The 
results obtained showed that (EOOG) in 5 and 
10 mg/kg inhibited/attenuated the novelty-
induced rearing (NIR) behavior in a statistically 
significant manner comparable to the standard 
drug diazepam dose-dependently. The ability 
of an extract to inhibit rearing suggests its 
sedative effect. This is in agreement with [12], 

Fig. 2. Effect of EOOG (Essential oil of Ocimum gratissimum Leaves) on Novelty-induced grooming 
behaviour in Swiss mice (*P < 0.05)

Fig 3. Effect of EOOG (Essential oil of Ocimum gratissimum Leaves) on locomotor activity in the open field 
in Swiss mice (*P < 0.001)
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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 

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 

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)

Fig. 5. Effect of EOOG (Essential oil of Ocimum gratissimum leaves) on the frequency 
of head dips in Swiss mice (*P < 0.05)



Experimental  articles

53

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 

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
(per 30 min) 

% inhibition 

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
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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 

that EOOG may have a memory impairing 
effect as the dose is increased.

In this study, the neural mechanism of action 
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 -adrenergic systems. 
In another experiment, pre-treatment with 
-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 -adrenergic and serotonergic 
receptors, thus suggesting the participation of 
-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 30th 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, 

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.
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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 

on neurobehavioural parameters suggest 
that essential oil possesses a sedative or 
central nervous system depressant activity. 
The mechanistic study indicates that the 
-adrenoceptors and serotonergic systems 
may be responsible for the inhibitory effects 
observed.

The essential oil of Ocimum gratissimum 
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, 
oil did not produce any significant effect on 
working memory as the percentage alternation 
produced was not significantly different from 
the control.  The oil in hot plate analgesic assay 
showed increased reaction time suggesting 
central nervous system analgesic property. 
In conclusion, the results of the investigation 
showed that essential oil of Ocimum 
gratissimum 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.

Source of funding
The research was carried out and sponsored 

by the researchers.
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НЕЙРОПОВЕДІНКОВИЙ І ЗНЕБОЛЮЮЧИЙ ЕФЕКТ Ocimum gratissimum Linn. 
ЕФІРНА ОЛІЯ ЛИСТЯ У МИШЕЙ Wistar albino
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Дослідження показали, що знеболюючі препарати можуть бути нейропротекторними. Ocimum 
gratissimum Linn. який широко використовується в традиційній медицині для лікування слаб-
кості та багатьох інших нейрофармакологічно пов’язаних захворювань, до кінця не вивчений. 

Мета. Це дослідження було розроблено з метою вивчення безпечності споживання, нейро-
поведінкових і знеболювальних ефектів ефірної олії листя Ocimum gratissimum Linn (EOOG) 
у мишей. 

Методи. Гостру токсичність EOOG визначали за стандартним методом, тоді як нейроповедін-
кові властивості оцінювали за допомогою відкритого поля для виховання, викликаного новиз-
ною (NIR), догляду, викликаного новизною (NIG) і рухової активності мишей. Для визначення 
частоти падіння голови використовувався апарат hole board. Y-подібний лабіринт використову-
вався для короткочасної пам’яті. Механічні дослідження проводили з атропіном (мускариновий 
блокатор, 0,5 мг/кг), пропанололом (неселективний блокатор -адренорецепторів, 0,2 мг/кг), 
галоперидолом (блокатор дофамінових рецепторів, 0,2 мг/кг), ципрогептадином (серотонінергіч-
ний антагоніст, 0,5 мг/кг). і йохімбін (-2-адреноблокатор, 1 мг/кг). Анальгетичну активність 
Ocimum gratissimum досліджували за допомогою тесту на звивання з оцтовою кислотою та тер-
мічного болю. 

Результати. Середня летальна доза (LD50) Ocimum gratissimum становила 2449 мг/кг. EOOG 
значно зменшив поведінку, спричинену новизною, залежно від дози. Спостерігалося, що дослід-
ницька активність тварин, які отримували EOOG, зменшувалася незалежно від дози, причому 
найвища доза (40 мг/кг) не виявляла активності на апараті з отворами. EOOG викликав значне 
зниження рухової активності у всіх дозах незалежно від дози, але при найнижчій дозі. У Y-ла-
біринті EOOG не справляв жодного суттєвого впливу на робочу пам’ять, оскільки вироблена змі-
на у відсотках істотно не відрізнялася від контролю. EOOG в анальгетичному аналізі на гарячій 
пластині показав збільшення часу реакції, що свідчить про аналгетичну властивість центральної 
нервової системи. 

Висновки. Результати дослідження показали, що EOOG може мати седативні властивості зав-
дяки своїй здатності пригнічувати NIR та NIG, падіння голови та рухову активність. Крім того, 
інгібування ноцицепції, відзначене в цьому дослідженні, свідчить про антиноцицептивну актив-
ність, яка може здійснюватися через периферичний або центральний опіоїдний рецептор. 

Ключові слова: Ocimum gratissimum; нейропротектор; болезаспокійливий; лікарські рослини.
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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 (III 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%, Р < 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.
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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 [7–9].

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. There is 
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.

The aim of the study was to evaluate the level 
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 II 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% (Р < 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 

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 (Р < 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 3 and 14 days after the introduction 
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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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% (Р < 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. 

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
n = 10

Hormone (flosterone) Infection 
(S. aureus108 N 209)

3 days, n = 7 14 days, n = 7 3 days, n = 7 14 days, n = 7

Haptoglobin, g/l 0.317±0.004 1.034±0.011 1.016±0.006** 2.859±0.047 0.690±0.021**

Ceruloplasmin, g/l 0.022±0.001 0.039±0.003** 0.040±0.001** 0.085±0.021 0.043±0.005

C-reactive protein, 
ng/ml

0.011±0,003 0.134±0.013 0.139±0.011** 0.271±0.018 0.329±0.042*

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

Indicators
Control
n = 10

Flosteron + S. aureus 108 N 209

3 days, n = 7 14 days, n = 7

Haptoglobin, g/l 0.317±0.004 0.863±0.028** 2.774±0.052

Ceruloplasmin, g/l 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 < 0,05 :     **P < 0.001.
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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 

with the activity of the infectious process, 
which proves its high efficiency for detecting 
inflammatory processes of various severity, 
choosing adequate treatment and predicting 
the course of the disease.

Prospects
Further study of longer use of a hormonal 

drug (flosterone) is in an experiment.
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ЕФЕКТИВНІСТЬ ВИЗНАЧЕННЯ ГОСТРОФАЗНИХ
ПРОТЕЇНІВ І ПРОКАЛЬЦИТОНІНА ЗА УМОВ МОДЕЛЮВАННЯ 

ІНФЕКЦІЙНОГО АРТРИТУ У МИШЕЙ
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Гострофазні протеїни церулоплазмін, гаптоглобін, С-реактивний протеїн (СРП) і прокальцитонінє 
маркерами, які характеризують запальний процес. С-реактивний протеїн — один із центральних 
компонентів гострої фази (ГФ) і є загальновизнаним показником запальних процесів.

Мета. Визначити рівень і ефективність визначення гострофазних протеїнів (СРП, гаптоглобіну, 
церулоплазміну), а також прокальцитоніну за умов моделювання інфекційного артриту.

Матеріали і методи. Експериментальні дослідження було проведено на 52 білих щурах-самцях 
лінії Вістар.  Модель інфекційного артриту створювали протягом семи діб, щоденним уведенням 
0,02 мл S. aureus 108  № 209  у колінний суглоб щура. Тварин було розподілено на групи — 
І віварний контроль. Для експериментальних груп було застосовано таку модель уведення 
препарату: щоденне одноразове введення протягом семи діб по 0,02 мл флостерону  в колінний 
суглоб (ІІ група); щоденне одноразове введення протягом семи діб по 0,02 мл S. aureus 108  № 209 
(ІІІ група); щоденне одноразове поперемінне (через день) уведення протягом семи діб  по 0,02 мл 
флостерону і 0,02 мл S. aureus 108  № 209 у колінний суглоб (ІV група). Ефективність дії препаратів 
спостерігали через 3 і 14 діб після введення.

Результати. Встановлено, що концентрація гаптоглобіну вірогідно зросла у сироватці 
крові щурів як через 3, так і 14 діб у всіх досліджуваних групах тварин порівняно з контролем. 
Найбільше  підвищення відносно контрольних значень спостерігалось через 3 доби після 
семиразового введення S aureus 108 №209 у колінний суглоб. Однак через 14 діб воно вже було 
не таким суттєвим і значно нижчим (на 85,33%) порівняно з вимірюванням через три доби. Лише 
у щурів після 14-добового поперемінного (через день) уведення по 0,02 мл флостерону та 0,02 мл 
S. aureus 108 № 209 у колінний суглоб спостерігали вірогідне зростання рівня гаптоглобіну на 
775,08% (Р < 0,05) порівняно з контролем і на 77,78% зниженим порівняно з вимірюванням через 
три доби. Концентрація церулоплазміну в сироватці крові зростала у всіх експериментальних щурів 
за весь період спостереження і мало відрізнялася між 3 і 14 добами. Вміст С-реактивного протеїну в 
сироватці крові зростав у всіх без винятку досліджуваних групах щурів, що доводить його високу 
специфічність для виявлення запальних процесів різної важкості. Концентрація прокальцитоніну 
найбільше — на 235,0% вірогідно підвищувалася через 3 доби після поперемінного (через день) 
уведення по 0,02 мл флостерону та 0,02 мл S. aureus 108 № 209. Дещо нижче на 120,0% за тих 
самих умов експерименту через 14 діб. На 65% цей показник вірогідно зріс через 14 діб після 
7-разового введення S. aureus 108 №209. У решти експериментальних тварин концентрація ПКТ 
не змінювалася.

Висновки. Визначення гаптоглобіну відображає, перш за все, первинну активацію запального 
процесу, посиленню якої сприяв гормональний препарат флостерон. Проте його визначення може 
бути ефективним через більш тривалий термін, оскільки до бактеріальної інфекції призводять 
декілька чинників, посилюючи один одного. В одночас синтез церулоплазміну посилюється саме 
впродовж перших трьох діб інфекційного процесу, що перетворює його у результативний маркер 
для виявлення раннього інфекційного ускладнення. Динаміка змін рівня С-реактивного протеїну в 
сироватці крові продемонструвала найвищу кореляцію з активністю інфекційного процесу, що 
доводить його високу ефективність для виявлення запальних процесів різної важкості, вибору 
адекватного лікування та прогнозу перебігу захворювання.

Ключові слова: гаптоглобін; церулоплазмін; С-реактивній протеїн; прокальцитонін; інфекційний 
артрит.
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Chronic myeloid leukemia (CML) is a 
hematological disease that develops mainly as 
a result 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 

investigating the anticancer effects of 
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 
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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 PI3K/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 μg/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.
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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 Akıncı Village in October (Turkey). 
Identification of species was done by Prof. Dr. 
Emine Akalın Urusak from İstanbul 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 used for 

determination of tannin presence in the 
extract. In this test, 2 mL of plant extract and 
1N 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 few drops of concentrated nitric acid 
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 μg/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. 
oxy cedrus extract, changes in expression of 
Bcl-2, AKT, caspase 3 and -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 Tab le 1. -actin was used as the reference 
gene. Gene expression changes were calculated 
using the 2-Ct method. 

Results and Discussions

Phytochemical Screening Results
The results obtained after the 

phytochemical evaluation of J. 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 μg/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 μg/ 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 J. oxycedrus fruit 
extract for all experiments in this research 
was determined as 50 μg/mL considering cell 
viability (Fig. 1).

Real-Time PCR Results 
After determining the appropriate dose 

(50 μg/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 PI3K/Akt/mTOR 
pathway.

Akt is an important signaling molecule in 
tumor formation and progression. It is involved 
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 a result 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

Bcl-2
Forward: 5-GGTGGGGTCATGTGTGTGG-3

Reverse: 5-CGGTTCAGGTACTCAGTCATCC-3

AKT1
Forward: 5-AGCTCAGCCCACCCTTCAA-3

Reverse: 5-GCTGTCCACACACTCCATGCT-3

Caspase 3
Forward: 5-CAAACTTTTTCAGAGGGGATCG-3
Reverse: 5-GCATACTGTTTCAGCATGGCAC-3

-aktin
Forward: 5-GGACATCCGCAAAGACCTGTA-3
Reverse: 5-ACATCTGCTGGAAGGTGGACA-3
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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 

Table 2. Phytochemical Screening Test Results 
of Juniperus oxycedrus extract 

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

Phyto-
chemicals Chemical Tests

Results

Juniperus 
oxycedrus

Alkaloids Hager’s test –

Saponins Foam test –

Flavonoids General Test +

Tannins Alkaline Reagent 
Test +

Glycosides Keller Killiani Test +

Carbo-
hydrates Benedict’s Test +**

Proteins Xanthoproteic Test N

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 μg/mL, 
respectively (* P < 0.05)

Fig. 2. Effect of J. oxycedrus fruit extract on Akt 
gene expression

(* P >0.05)

Fig. 3. Effect of J. oxycedrus fruit extract on 
BCL-2 gene expression 

(* P < 0.05)

Fig. 4. Effect of J. oxycedrus fruit extract 
on Caspase 3 gene expression

(* P < 0.05)



BIOTECHNOLOGIA  ACTA, V. 15, No 5, 2022

68

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 
kinase inhibitors, which block the ATP binding 
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].

In the scope of this study, the phytochemical 
structure and cytotoxic effect of J. oxycedrus 
extract was investigated; and the changes in 
the expressions of Akt1, the member of the 
PI3K/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. 

As a result 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 μg/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 μg/mL dose in these cells is cytotoxic 

indicates that the extract reduces metastasis 
and vascularization in the cells. This 50 μg/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.

Akt1 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. Akt1 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-2 is a proapoptotic 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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Мета. Багато генетичних факторів і факторів навколишнього середовища можуть бути 
ефективними в процесі виявлення та лікування онкологічних захворювань. Запобігти прогресуванню 
лейкемії можна, контролюючи шляхи, що включають такі механізми, як апоптоз і аутофагія. Є 
дослідження, які демонструють вплив різних видів ялівцю на різні лінії ракових клітин, включаючи 
клітини хронічного мієлоїдного лейкозу людини, але сигнальні шляхи, за якими вони діють, не 
повністю відомі. У цій роботі було досліджено протипухлинну дію екстракту Juniperus oxycedrus на 
клітини хронічного мієлоїдного лейкозу людини К-562.

Матеріали й методи. Після обробки клітин екстрактом Juniperus oxycedrus було проведено 
аналіз цитотоксичності та експресії генів. Зміни в експресії Akt, члена сигнального шляху PI3K/
Akt/mTOR; каспаза 3, яка є одним з основних ефективних генів у шляхах регуляції апоптозу; і 
досліджено ген супресора апоптозу BCL-2, який є онкогеном.

Результати. Згідно з результатами тесту MTT, екстракт ялівцю оксицедрового показав приблиз-
но 50% життєздатності клітин K-562 у всіх дозах. Найбільш відповідна доза екстракту плодів Ju-
niperus oxycedrus у цьому дослідженні була визначена як 50 мкг/мл з урахуванням життєздатності 
клітин. Після аналізу експресії генів було виявлено, що експресія BCL-2 зменшилася приблизно в 
3,3 рази, а експресія каспази 3 зросла в 1,2 рази. Хоча експресія гену Akt зросла в 1,092 рази, вона 
не була статистично значущою.

Висновки. Компоненти рослини Juniperus oxycedrus можуть мати апоптотичний ефект на клітини 
хронічного мієлоїдного лейкозу.
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