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Abstract. The possibility of using hydrogels based on
copolymers of polyvinylpyrrolidone with 2-hydroxyethyl-
methacrylate to saturate them with plant extracts was
established. Hydrogel materials were obtained with
extracts of Calendula officinalis and Arnica montana. The
sorption capacity of the hydrogels regarding the extract
data was determined. The bactericidal and fungicidal
activity of the obtained hydrogel materials with extracts of
Calendula officinalis and Arnica montana on bacterial
strains of Escherichia coli, Staphylococcus aureus and
fungal strains of Candida tenuis, Aspergilus niger were
investigated.
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1. Introduction

Nowadays cosmetics based on natural raw
materials are popular in Ukraine and around the world.
Hydrogel masks and eye patches deserve special
attention.! Natural and synthetic hydrogel products are
proposed as bases, which must be compatible with
biological systems that are stable in the aquatic
environment, must have the ability to absorb and retain
moisture and release the filler in a controlled manner. It is
also necessary to take into account the technological
features of hydrogel production and the formation of a
film product based on it. The possible fillers can be
extracts of medicinal plants that contain a complex of
biologically active substances, namely flavonoids,
carotenoids, vitamins, etc., which affect the activity,
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namely anti-inflammatory, wound healing, antibacterial,
antioxidant and others.”” Hydrogels are currently used to
make various implants, contact lens materials, bandages
for the treatment of wounds and burns, controlled release
of drugs, etc.”

The use of polymeric hydrogel materials (mainly in
film form) as transdermal long-acting therapeutics is
widespread.'™ The use of film hydrogel therapies is
applied due to the prolonged active action because of the
controlled diffusion of drugs from the film volume. This
property of the films provides a reduction in a single the-
rapeutic dose. In addition, hydrogel films are permeable to
air moisture and oxygen, which prevents the formation of
bedsores on the diseased surface of the body.

Due to the ability to prolong the action, natural and
synthetic hydrogels are used as materials for various
cosmetics productions.'*”” Cosmetic masks based on
hydrogels are currently popular in Korea and Japan, but
there is low production of such masks in Ukraine. This
mask maintains the optimal hydrolipid level of the
epidermis, prevents the evaporation of moisture, has a
hygienic, therapeutic and cosmetic effect. Polymer hyd-
rogels are promising for use as cosmetic masks due to their
unique porous structure, which in combination with the
presence of hydrophilic functional groups, provides
swelling of the polymer matrix in water and other polar
solvents, resulting in high permeability to dissolve low
molecular weight substances.'®"™ The sorption capacity,
osmotic permeability, as well as selective sorption and
desorption capacity of film hydrogel agents are consi-
derable values."”*' Sorption capacity and selective perme-
ability significantly depend on the chemical structure of the
hydrogel polymer matrix, as well as the degree of cros-
slinking of its macromolecules. The level of sorption and
desorption of active components may also depend on the
pH value of the environment during saturation of the
polymer matrix and during desorption when the saturated
film comes into contact with the environment.'®
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Materials that can be the basis of cosmetic masks
should be characterized by the ability to swell in water
and alcohol solutions, high permeability to biologically
active substances from extracts, as well as high strength
and elasticity. If taken into consideration the daily use,
especially on sensitive areas of the face, hydrogel
cosmetics, above all, should be non-toxic and should not
cause allergies. At the same time, it is necessary to take
into account the technological features of hydrogel pro-
duction and the formation of a film product based on it.

Hydrogels are obtained both from natural organic
raw materials®** and from synthetic polymers.”?
Hydrogels based on poly—2—h3ydroxyethy1 methacrylate
(pHEMA)™ and its copolymers®'~* are distinguished from
a wide range of synthetic highly hydrophilic polymers.
pHEMA and its copolymers are characterized by a high
degree of water absorption, the ability to absorb low
molecular weight substances, high biocompatibility, and
low thrombogenicity.*’

Grafted copolymers of polyvinylpyrrolidone (PVP)
with hydroxymethacrylates, for example, copolymers of
PVP with HEMA (pHEMA-gr-PVP) are of special
attention. pHEMA-gr-PVP copolymers are obtained via
grafted radical or ion-radical copolymerization, which is
carried out in bulk or in an aqueous medium.'®**>® PVP
has attracted much attention due to its impressive pro-
perties, such as biocompatibility, nontoxicity, solubility in
water and many organic solvents, pH stability, affinity to
complex both hydrophobic and hydrophilic substances,
and chemically inert status in physiological reactions.’’
The use of PVP opens additional opportunities for the
synthesis and stabilization of metal nanopowders, mo-
dification of various substances and materials, impro-
vement of modern technologies, production of new
functional materials, and the respective expansion of their
fields of use.”**

Preliminary research has established the prospects
for the use of materials based on pHEMA-gr-PVP
copolymers®™ in the biomedical field, which is possible
due to their high sorption capacity, elasticity, stability of
form in solvents, and biotolerance. These characteristics
make it possible to saturate pHEMA-gr-PVP copolymers
with medicinal plant extracts and obtain materials that can
be used for prolonged enrichment of the skin with
biologically active components. The use of C. officinalis
and A. montana extracts for this purpose will allow
developing the hydrogel cosmetic masks with antioxidant,
antimicrobial, antitumor, and anti-inflammatory properties
to maintain skin health or for irritation, inflammation, or
certain diseases. At the same time, one of the main tasks
in the process of developing the obtaining technology of
cosmetic film products with predictable content of
therapeutic extracts is a knowledge of the principles of
pHEMA-gr-PVP copolymers sorption in water and water-
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ethanol solutions. Therefore, the aim of this work was to
investigate the sorption capacity of pHEMA-gr-PVP
copolymers in relation to water and water-ethanol
solutions and to obtain on their basis cosmetic film
products with extracts of C. officinalis and A. montana.

2. Experimental

2.1. Materials

To obtain the hydrogel matrix we used 2-
hydroxyethyl methacrylate (Sigma Chemical Co), purified
and distilled in a vacuum (residual pressure 130 N/m’
Thoiting = 351 K); PVP (AppliChem GmbH) of high purity
with MM 12000, previously dried at 338 K in vacuum for
2-3 hours; iron(Il) sulfate (FeSO,4-7H,0) (Sigma
Chemical Co); seeds and meristems of Arnica montana
and Calendula officinalis plants collected and harvested
on the slopes of Hryniava Mountain (Hryniava Range,
Ivano-Frankivsk Region) in June 2019 and June 2020.

2.2. Methods

The synthesis of pHEMA-gr-PVP copolymers was
carried out in the presence of FeSO, at a temperature of
293-298 K in the air for 0.3—1 h (depending on the
composition).”> In order to combine the synthesis stages
of the hydrophilic polymer and its subsequent swelling,
the polymerization was performed in water. The
calculated amounts of PVP and FeSO, were weighed
according to the given recipe, HEMA and distilled water
were dosed by volume. The required amount of PVP was
dissolved in HEMA. Stirring of PVP was carried out at
room temperature until its complete dissolution with the
formation of a homogeneous mixture, without insoluble
agglomerates and mechanical inclusions. An aqueous
solution of iron(Il) sulfate was prepared separately and
mixed with the resulting mixture. The obtained starting
composition was dosed into a cylindrical shape of the
centrifugal unit. Films based on pHEMA-gr-PVP
copolymers were obtained with a thickness of 0.5-1.5 mm
by centrifugal molding.

For sterilization, the obtained films were irradiated
with ultraviolet for 0.25 h (Portable UV sterilizer W81,
A = 253.7 nm); washed in 1.5 % sodium bicarbonate
solution at a temperature of 318-323 K and washed at the
same temperature in distilled water. Before use, the
prepared film must be hydrated in distilled water for at
least 2 h. The films were stored in distilled water inan
hermetic container until used as a polymer matrix for
saturation with therapeutic alcohol extract, antimicrobial
and antiseptic drugs.

First, the plant material was washed with tap water
for 10 min. Then sterilization was performed according to
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the following protocol: 70 % ethanol (30s), 10 % — 15 % —
20% solutions of sodium hypochlorite (“Bleach™)
(10 min, 15 min, 20 min) were washed in sterile distilled
water for 20 min. Plant biomass was obtained using a
biotechnological method of tissue culture on agar medium
Murashige-Skuga with growth regulators of naphthyl-
acetic (NAA), indoleacetic (IAA) acids and kinetin (K).
Plant biomass was obtained in vitro at a temperature of
298 K, illumination of 2000 lux, and photoperiod 16/8.
Extracts of C. officinalis and A. montana were obtained by
infusing biomass in ethanol for 7 days with the ratio of
raw materials : extractant = 1:10 at room temperature.

Samples in the form of disks with a diameter of
10 mm and thickness of 1.2 mm were cut from the
obtained films, which later were saturated with water,
water-ethanol solutions and water-ethanol plant extracts:
extraction ratio hydrogel film : extract = 1:5 (w/wt). 70 %
ethanol solution was used as a control.

The kinetics of swelling and drying were
determined using the degree of water absorption o,
g(H,0)/g(p) and the degree of drying D, g(H,O)/g(p). a
and D at time ¢ were determined, respectively, by the ratio
of the liquid mass absorbed by the polymer during
swelling and the liquid mass lost by the polymer during
drying to the mass of dry polymer (my):

a, = (mt(s) _mo)/mo (1)
Dt = (mt(d) - mo)/mo (2)
where m, , is the mass of the swollen sample at time 7, g;

m, 4, s the mass of the dried sample at time ¢, g;

Boundary water absorption (W, %) was determi-
ned by weight method as a difference between dry (m,, g)
and swollen (m;, g) samples:

W=ms_m0

-100 3)
mS

Hydrogel swelling coefficient was determined as a

ratio of sizes of dry (dy, mm) and swollen (d;, mm)

samples:

fo=2s 4)

The conditional porosity of the hydrogel materials
P, % was determined by the formula:

P=(ms _mo)/Vs'szo Q)
where Vs is the volume of the swollen sample; p,, , isa

solvent density (water).

Medical ethanol (70 %) and ethanol diluted with
distilled water to 40 % concentration were used to study
the process of saturation of the hydrogel film with a
water-ethanol mixture. Samples of the same shape and
size were cut out of the hydrogel film, which was equally
swollen in water. The research was carried out by the
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weight method. Weighing accuracy was +5 - 10” g. The
obtained samples were weighed before the study.

Saturated sample weight was denoted as m_, (g). The

degree of swelling (0,) in alcohol was determined by the

alcohol content:
a ="M= 100% (6)

et
m

et

where m,, is the mass of the sample after swelling in
water-ethanol solution for 120 min.
Samples dried for 30 min at temperatures of 308 K

and 318 K were also used for the research. Weight of

308

dried samples, respectively, were denoted as my~ and

m;"* . The prepared samples were placed in an alcoholic

solution at room temperature and incubated for
7=30 min, =60 min and T= 120 min. After exposure,

the samples were weighed and the following values were

120
et

m60 Ta m
et

T 308(318)
a, =2 100% (7)
m

et
et

obtained: m™

et

The total content of flavonoids in water-ethanol
plant extracts was determined on the basis of the
formation of a flavonoid-aluminum complex. 0.5 mL of
2 % ethanol AlCl; solution was added to 0.5 mL of extract
solution and maintained for 1 h at room temperature. The
optical density was measured at 420 nm in a cuvette with
a layer thickness of 10 mm on a spectrophotometer
Ulab108UYV. In parallel, the optical density of a standard
quercetin  sample solution was measured on a
spectrophotometer under the same conditions. The yellow
color of the investigated solutions indicated that the
extracts contained flavonoids, the total content of which
was calculated from the concentration of quercetin
(mg- g"), using the equation based on the calibration
curve.

3. Results and Discussion

The prerequisite for the developing technology of
obtaining cosmetic products based on pHEMA-gr-PVP
copolymers and their hydrogels with plant extracts are the
high reactivity of HEMA/PVP compositions and the
implementability of polymerization in the presence of
solvent with the achievement of high porosity of the
polymer matrix, which provides ideal conditions for
sorption of plant extracts. Copolymers of pHEMA-gr-
PVP are characterized by a spatially cross-linked structure
formed by blocks of HEMA grafted on PVP, and contain
hydrophilic groups: hydroxyl and carbonyl HEMA and
carbonyl of pyrrolidone PVP cycle. The number of such
groups in the structure of the copolymer, as well as the
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porosity of the hydrogel, determine its sorption capacity.*’
The porous structure promotes the rapid sorption of the
solvent due to capillary forces, which causes swelling of
pHEMA-gr-PVP copolymers.

The duration of the swelling and drying processes
is one of the main technological parameters of obtaining
hydrogel cosmetic masks saturated with plant extracts.
Swelling time is a technological characteristic that affects
the productivity of the technological process of obtaining
cosmetic masks, namely, the stage of the hydrogel with
plant extracts saturation, which is the longest one. Drying
time is an operational characteristic that determines the
service life of a product.

Fig. 1 shows the change in time of the degree of
water absorption and the degree of drying of pHEMA-gr-
PVP copolymers depending on the formulation of the

- o, 9(H20)/g(p)
o D, 9(H20)/g(p)

o 2 4 & & 10 12
Time, h
Fig. 1. Effect of the original composition on the kinetics of
changes in the degree of swelling a (curves 1-4) and drying D
(curves 1'-4") for pHEMA-gr-PVP copolymers. T =298 K.

Composition formulation of HEMA:PVP, mass parts:
1,1'=90:10; 2,2"'—80:20: 3,3' —70:30; 4, 4" — 60:40

In some cases, the task is to quickly remove
moisture from the hydrogel volume, in others — it is
necessary to ensure the longest possible stay of the
material in the swollen state. The nature of the kinetics of
moisture loss of hydrogel material is similar to the rate of
water sorption, which depends on the PVP content in the
original composition (Fig. 1, curves 1'-4"), namely, on the
content of pores remaining after washing in the hydrogel
volume. If for maximum water absorption, samples with
different composition formulation need 12-24h, then
during drying even at 298 K a significant part of moisture
is lost after 7-8 h.

As the results show (Table 1), with increasing PVP
content in the original composition, water absorption,
swelling coefficient and conditional porosity of the
synthesized pHEMA-gr-PVP copolymers increase as well.
Temperature has an ambiguous influence on the kinetics
of swelling and drying of hydrogels (Fig. 2). At the initial
stages of water sorption, the rate of water absorption
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original composition. Samples with a thickness of
1.3+0.1 mm were used for research. According to
research results, the degree of swelling naturally increases
with increasing PVP content in the original composition,
i.e., with an increasing number of hydrophilic groups in
the copolymer structure (Fig. 1, curves 1-4). In addition,
the degree of swelling depends on the effectiveness of
PVP grafting — non-grafted PVP is washed away during
hydration; this forms cavities and improves the solvent
sorption.”’ The maximum degree of swelling (tmay) of the
samples with different compositions under normal
conditions occurs after 24 h.

Along with the ability to swell, the rate of solvent
release, in this case — water, is an important technological
parameter in the processes of forming products from
hydrogel materials.

-- &, 9(H20)/g(p)
- D, g(H20)/g(p)

0 2 4 6 8 10 12
Time, h

Fig. 2. Effect of temperature on the kinetics of changes in the
degree of swelling (o)) and drying (D) for copolymers
(HEMA:PVP=80:20, mass parts): 1, 1' =298 K;
2,2'-313K; 3,3'-333K;
4,4'-353K

increases with increasing temperature and, naturally, the
duration of the limiting swelling and the limiting degree
of swelling decrease. The energy of macromolecules
physical interaction with solvent molecules is much less
than the energy of macromolecules interaction with each
other. As the temperature increases, the binding of water
decreases due to the increase in the kinetic energy, which
causes the compression of the hydrogel.

Therefore, in the process of obtaining film hyd-

rogel cosmetic products, swelling of the copolymers must
be carried out at room temperature, which will provide the
maximum possible degree of water absorption. During the
drying of swollen hydrogels, the increase in temperature
increases the rate of water loss (Fig. 2, curves 11, 21, 31, 41).
There are two types of water in the copolymer structure —
free and physically bound. During the increasing tempe-
rature, the intensity of drying is affected specifically by
the evaporation rate of free water.
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Table 1. Effect of the original composition formulation on the swelling ability for pHEMA-gr-PVP copolymers

(T=298 K, [FeSO4] = 0.01 %; composition : HHO=1:1)

Composition formulation, mass parts W, % k P, %
HEMA PVP
90 10 48 1.19 53
80 20 52 1.28 66
70 30 63 1.34 76
60 40 69 1.35 84

Notes: W is a water content; k is a swelling coefficient; P is a conditional porosity

It is important from a technological point of view
to study the kinetics of water absorption and drying
depending on the thickness of the hydrogel sample
(Fig. 3). With the knowledge of the dependence of the
change in the kinetics of swelling (drying) per 1 mm of
product thickness, it is possible to calculate in advance the
duration of hydration and drying of products with
different thicknesses.

== 0., 9(H20)/g(p)
- D, g(H20)/g(p)

N Wk W

—

4 6 8 10 | 12
Time, h

Fig. 3. Effect of hydrogel sample thickness on kinetics of change
in degree of swelling () and drying (D) for copolymers
(HEMA:PVP=80:20, mass parts): 1, 1' — 1 mm; 2,2' —2 mm;
3,3 -3mm; 4,4' —4mm

In order to the hydrogel film attain its healing
properties, it is often saturated with medicinal plants
extracts or synthetic drugs solutions. These agents are
dissolved in ethanol or in water-ethanol solutions. It is
important in this regard to establish the technological
conditions for the implementation of the saturation stage.
Extracts are prepared using ethanol of various con-
centrations. Solutions of medicinal substances can also be
of different concentrations. As a result, it is important to
determine how the concentration of alcohol affects the
saturation of the hydrogel. In addition, the sorption of
extracts will be affected by the degree of saturation of the
hydrogel with water. The hydrogel sample may be
equilibrium swollen in water or partially saturated when
dried. Therefore, the conditions of sample preparation

before saturation with ethanol solution are important in
technological terms.

Copolymers of PVP with HEMA are characterized
by different amounts of sorption and osmotic permeabili
for organic substances, depending on their structure.
This value is less than the sorption of water-soluble low
molecular weight inorganic substances. The difference in
the sorption of organic and inorganic substances is due to
the physical binding of organic compounds directly with
the surface of the hydrogel. Thus, when replacing water
with ethanol, not even fully, the degree of hydrogel
swelling increases from 1.2 to 1.6.°' The interaction of
ethanol molecules with macromolecules of the polymer
network is accompanied by the blocking of polar groups
in the polymer units and, consequently, distancing the
chains of the network among each other, which will
naturally promote the increase in the diffusion of ethanol-
dissolved organic compounds in the hydrogel volume,
hence increasing the sorption value.

The water-ethanol mixtures with an alcohol
concentration of 40 % and 70 % were used for the research.
Three types of hydrogel films were used for saturation: 1 —
equilibrium swelled in water; 2 — dried for 30 min at a
temperature of 308 K; 3 — dried for 30 min at a temperature
318 K. The solution temperature of ~291 K for saturation
was maintained the same in all experiments. Saturation was
performed for 30 min, 60 min and 120 min. In all cases, the
amount of absorption of the water-ethanol mixture was
determined in comparison with the equilibrium swelled
samples in water. The average values of the absorption of the
water-ethanol solution according to the results of three
experiments are shown in Fig. 4. These values of absorption
characterize the degree of hydrogels swelling and indicate
their high rate of swelling in alcoholic solutions.

Studies have shown that equilibrium saturated in
water hydrogel additionally absorbs more than 41 wt. %
of ethanol solution, even if a solution with an ethanol low
concentration is used. This is the result of the higher
energy of the alcohol interaction with the matrix, due to
which there is a straightening of the polymer matrix
chains with increasing distance among their individual
fragments. In addition, it should be considered that the
interaction of alcohol molecules with polar groups of the
copolymer such as —C=0 and —OH occurs. As a result of

6
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this interaction, the polar groups are blocked, which
causes the weakening of intermacromolecular physical
bonds in the polymer matrix.

In the case of drying the hydrogel at a temperature
of 318K, there is a decrease in the absorption of the
water-ethanol mixture. Rapid evaporation of water at
elevated temperatures leads to the formation of a dense
surface crust, which becomes less permeable to alcohol
solution. This phenomenon is more pronounced at lower
concentrations of ethanol.

To create hydrogel cosmeceutical masks based on
hydrogel-plant extract complexes, it is necessary to use as
a matrix hydrogel material and ethanol extracts of Arnica
montana and Calendula officinalis biomass with different
concentrations of ethanol. As a result, it is important to
determine how the alcohol concentration affects the
hydrogel saturation.

Biomass of Arnica montana and Calendula
officinalis was obtained by standard methods in vitro on
Murasige-Skuga medium. The composition and ratio of
growth regulators were optimized for maximum biomass
production, namely 1.0 mg / indoleacetic acid (IAA),
0.2 mg / naphthylacetic acid (NAA) and 0.5 mg / kinetyn
for Arnica montana and 3.0 mg / IAA, 0.5 mg / NAA and
0.1 mg / kinetyn for Calendula officinalis (Table 2). The
increase in biomass was 35 g of dry material per 1L of
nutrient medium for 42 days of cultivation for Arnica
montana and 56 g of dry material per 1L of nutrient
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medium for 30 days of cultivation for Calendula
officinalis.

Plant biomass obtained in vitro was used to obtain
water-ethanol extracts. 20 %, 40 %, 70 % and 96 % etha-
nol solutions were used as extractants; biomass: extractant
ratio was 1:10; extraction was carried out by infusion for
7 days at room temperature. The dependence of extract
content in the hydrogel-plant complex and swelling
coefficients on the ethanol concentration are shown in
Table 3.

As can be seen from the results, the absorption of
water-ethanol extracts is higher than the absorption of
water (Table 1, Fig. 4). The extract content and the
coefficient of swelling in water-ethanol extracts are
higher than in studies of copolymers with water.
C.officinalis extract is better absorbed by the pHEMA-
gr-PVP copolymer than 4. montana extract.

Also, from the conducted researches it is possible
to draw a conclusion that the highest content of an extract
in the hydrogel is received when using 70 % of ethanol:
for Arnica montana — 58 %, for Calendula officinalis —
64 %. There are also the highest coefficients of swelling:
for Arnica montana — 1.33, for Calendula officinalis —
1.35. For further studies, 70% water-ethanol plant
extracts were used and the dry material content was deter-
mined, which was 82.63 and 105.27 mg OE/g of dry mass
of flavonoids in terms of quartcetin for C. officinalis
extract and A. montana extract, respectively.

70
1|[] Without drying
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Fig. 4. Dependence of hydrogels swelling degree in the water -ethanol solutions on the swelling conditions
(HEMA : PVP = 80:20, mass parts, drying time tp = 30 min)
Alcohol content in water-ethanol solution: a — 40 %; b —70 %

Table 2. Composition and concentration of phytohormones at the stage of obtaining callus biomass

Objects of research Concentration of phytohormones, mg/L .
NAA 1AA kinetyn
Arnica montana 0.2 1.0 0.5
Calendula officinalis 0.5 3.0 0.1
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Table 3. Dependence of extracts content and swelling coefficients in hydrogel materials on ethanol concentration
and plant species (HEMA : PVP = 80:20 mass parts)
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Sample Plant species Ethanol concentration, % W., % k
1 20 36 1.20
2 Arnica montana 40 42 1.26
3 70 58 1.33
4 96 26 1.12
5 20 48 1.25
g Calendula officinalis ‘7‘8 2421 igg
8 96 32 1.18

Notes: W7, is an extract content; & is a swelling coefficient

Table 4. Diametrical proportions of bacterial and fungal strains lysis zones on extracts and hydrogels saturated

with plant extracts

. Diameter of the zone of growth inhibition, mm
Solutions - - -
E. coli St. aureus A. niger C. tenuis
Extract Calendula officinalis’ 8.5 52 8.0 3.0
pHEMA -gr-PVP/Calendula officinalis” 19.0 17.5 19.2 152
Extract Arnica montana 10.2 17.8 9.5 12.8
pHEMA -gr-PVP/Arnica montana 22.0 28.4 20.0 25.0

" The disk-diffusion method.
The method of wells in the agar medium.

Water-ethanol extracts of Arnica montana and
Calendula officinalis have bactericidal and fungicidal
properties, therefore the obtained hydrogel-extract comp-
lexes were investigated for bactericidal and fungicidal
activity. The bactericidal effect was investigated using the
disk-diffusion method, where hydrogel composites satu-
rated with plant extracts were used as disks. And for
comparison, the bactericidal effect of the same extracts was
determined using the method of wells in an agar medium. It
was established that the obtained complexes are charac-
terized by higher bactericidal activity than the plant extracts
themselves. The zones of growth retardation of cultures of
St. aureus and E. coli bacteria in comparison with the
samples saturated with A. montana extract, are slightly less
noticeable with the C. officinalis extract sample and fungi
C. tenuis. The most detectable effect was observed for
bacteria of the genus St. aureus, with significant areas of
growth retardation (d=284mm for A. montana and
d=17.5 mm for C. officinalis). In comparison, in the study
of extracts that were not included in the complex with the
hydrogel, we obtained only slight growth retardation of
E. coli and St. aureus (for A. montana 70 % extract d =
=10.2 mm and 17.8 mm, respectively, for C. officinalis
70 % extract d = 8.5 mm and 5.2 mm, respectively).

The results of bactericidal and fungicidal activity are
shown in Table 4.

The research results show that the obtained
hydrogel-extract complexes of C. officinalis and A.
montana plants enhance the bactericidal action of the

extracts. It was found that used hydrogel materials have
antibacterial and fungicidal properties; high sensitivity of
microorganisms to the recommended hydrogel materials
based on pHEMA-gr-PVP copolymers and plant extracts
retain in all test-cultural areas. The results obtained in a
comparative study showed that the activity of the
complexes is not inferior, and in some cases exceeds the
activity of the C. officinalis and A. montana extracts.

4. Conclusions

Studies have shown that copolymers of 2-hyd-
roxyethylmethacrylate with polyvinylpyrrolidone by their
structural characteristics, ability to absorb water and water-
ethanol solutions, as well as permeability to low molecular
weight substances, can be used for sorption of plant extracts
and the creation the hydrogel cosmetic film products on
their basis. It was investigated that macroporous polymer
hydrogels based on pHEMA-gr-PVP copolymers are
characterized by high values of equilibrium swelling and
conditional porosity. It was shown that by changing the
ratio of components in the original HEMA/PVP compo-
sition and its solvent content, there is a possibility to change
the porosity of hydrogels, as well as the rate of sorption of
water and water-ethanol solutions.

Saturation of pHEMA-gr-PVP copolymers with
extracts of C. officinalis and A. montana provided the
possibility of obtaining hydrogel materials with
antimicrobial and fungicidal activity, which was confirmed
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by testing with the bacteria Escherichia coli, Staphylo-
coccus aureus and fungi Candida tenuis, Aspergilus niger.
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NOCJKEHHS COPBLIMHOI 3IATHOCTI
KOITOJIIMEPIB IOJIBIHLIITIPOJIIJIOHY SIK
OCHOBH I'I/IPOT'EJIEBUX KOCMETHYHHUX MACOK
3 EKCTPAKTAMHA BIOMACH POCJIMH

Anomauin. Bcmanoenena modicnugicmo SUKOPUCMAaHHs 2i0-
poeeie Ha OCHOBI KONONIMEPIE NOMGIHINIPONIOOHy 3 2-2i0poKci-
EMUIMEMAKPUIAMOM Ol HACUYEHHs. IX POCTUHHUMU eKCIMPAKMAMU.
Ooeporcano  zidpozcenesi mamepianu 3 excmpaxmamu Calendula
officinalis i Arnica montana. Busnaueno copbyitiny 30ammicmo 2iopo-
2enig Wooo OaHUX eKCMpaKmie ma KiHemuky 8uxooy eKCmpaxkmy (3a
¢nasonoioamu). [locniosceno baxmepuyuory ma QyHeiyuory akmug-
HICMb  00epoIcaHux  2iOpoceibHUX MAmepianie 3 eKCmpakmamu
Calendula officinalis i Arnica montana na 6akmepiiinux wmamax
Escherichia coli, Staphylococcus aureus ma epubkogux wmamax
Candida tenuis, Aspergilus niger.

Knrouoei cnosa: ziopoeeni, nonigiHinniponioon, 2-2i0pokci-
eMWIMEMaKkpunam, HAOPSKAHHS, KOCMemuyHi MAcKu, (hragoHoiou,
AHMUOAKMEPIAIbHA AKMUSHICTb, AHMUDYHSATLHA AKMUGHICTD.



