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Healing of infected ulcers and wounds, particularly in older people, is a serious problem in modern surgery. As
a result of many years efforts, we have created an innovative wound care composition that has high absorptive, anti-
inflammatory and wound-healing capabilities and are starting the clinical study of it. The composition, which got a
trade mark Pathelen®, contains nanoscale hydrophilic silica (4-300), hydrophobic silica (Aerosil® R972 Pharma)
and benzalkonium chloride. This work aimed to develop an optimal pathway of industrial production, as well as
methods of quality control of the drug.

The examination of manufacture intermediates and the final product includes bulk density measurement, thermal
analysis, IR spectroscopy, chemical methods of identification, adsorption capacity and microbial contamination
control.

The pathway of manufacture which consists of mechanochemical immobilization of benzalkonium chloride on
hydrophobic silica surface and mixing of obtained semi-product with hydrophilic nanoscale silica is developed.
Thus, a technological method is proposed for combining hydrophilic and hydrophobic nanomaterials in one
preparation. The final product complies to the elaborated quality parameters. In particular, the bulk density is
distributed in a range 50-60 g/L, the adsorption capacity is not less than 140 mg of protein per gram. The absence of
pathogenic microorganisms and fungi was demonstrated; the quantity of non-pathogenic microorganisms meets the
requirements of the European Pharmacopoeia for products in this category.

The results obtained can be useful for the organization a large-scale production of the proposed drug in future.

Keywords: Wound care, adsorption, nanoscale silica, hydrophobic silica, manufacturing process, quality
control

INTRODUCTION (MRSA), which is a serious challenge for
modern medicine in general [3, 4].

The intensity of the regeneration process and
healing of infected ulcers and wounds depends
largely on the speed at which they are cleared
from the pus and necrotic tissues. For this
purpose applique sorption treatment, ie. a
method of wound healing in which a sorbent in
powder or another form is applied to the wound,
can be used. Applique sorption is a kind of
sorption detoxification which accelerates wound
healing and restores the integrity of the skin and
mucous membranes by the removal of microbial
cells, bacterial toxins and toxic metabolites of
wound fluid and wound cavities in direct contact

Healing of infected ulcers and wounds,
particularly in older people, is a serious problem
in modern surgery. Among wounds, diabetic foot
is one of the leading disabling chronic
complications of diabetes which causes from 40
to 60 % of all non-traumatic amputations across
the globe [1, 2]. Clinical practice shows that the
treatment of purulent-inflammatory diseases and
infected wounds by using only antimicrobial
agents does not always lead to the desired result.
Misuse of antibiotics contributes to the
emergence of resistant (hospital) strains of
pathogenic microorganisms, including
methicillin-resistant  Staphylococcus  aureus
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with the surface of the sorptive preparation
[5, 6]. An important therapeutic factor in the first
phase of wound healing is also seen in the
dehydration, i.e., absorption of fluid from the
wound cavity and surrounding tissues.

As sorption preparations for topical
treatment of wounds materials based on activated
carbon, various swelling polymers of synthetic
and natural origin in form of dressings and
sorbents derived from silica and silicon
compounds have been proposed.

Among the carbon preparations for wound
healing Actisorb Plus (Johnson & Johnson) is
particularly well-known, which is an activated
carbon fiber coated with colloidal silver.
Actisorb Plus has a nonspecific antimicrobial
effect due to silver and can absorb pathogenic
metabolites that accumulate in the wound
contents. The preparation is used primarily for
the healing of superficial wounds and skin
defects, such as venous ulcers [7]. However,
activated carbon having nanometer pore size
cannot absorb large protein molecules, which
include bacterial toxins and tissue degradation
products.

Various wound dressings are designed to
keep the wound clean and free from
contamination and also to promote wound
healing, particularly in chronic wounds where
there may be significant tissue loss, e.g.
hydrocolloid dressings, hydrogels, alginate
dressings and others [8, 9].

Hydrophilic highly dispersed silica (particle
size  10-100 nm, specific surface area
Sarea > 295 m?/g) can be used in the first phase of
wound healing. Its detoxifying action is due to
the capability to absorb pathogenic protein
substances (up to 600 mg/g), including microbial
enzymes, endo- and  exotoxins  and
microorganisms. Silica surface is covered with
hydroxyl groups that can bind water molecules,
so it renders a pronounced dehydrating effect on
the tissue, which is important for the removal of
edema as a part of the inflammatory process.
However, silica, due to lack of porous structure,
does not absorb low and middle molecular
weight toxic metabolites. Nanosized silica does
not show direct antimicrobial action, however, it
was found that the sensitivity of pathogenic
organisms to antibiotics increased in its presence
[10].

Also among
polymethylsiloxane

sorbents, the
(PMS) s

hydrophobic
known that
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provides local wound detoxification due to active
sorption of pathogens and low and middle
molecular metabolites. Wound exudate fluid is
“drained” through a capillary net of the
powdered sorbent and organic substances are
absorbed into its granules. PMS can be used for
the applique sorption with antibiotics
immobilized on its surface. Examples of such
drugs are “Imosgent” and “Gentaxan” in which
the PMS surface is modified by gentamicin [11].
However, in the case of hydrophobic materials,
the exudate is not absorbed and spreads rapidly
under the bandage which promotes skin
maceration and activation of the inflammatory
process in the wound [12].

Noteworthy is a combination of hydrophilic
highly dispersed silica and hydrophobic PMS,
providing sorption of a wide range of substances
and pathogenic microorganisms in wounds.
Through a combination of hydrophilic and
hydrophobic sorbents these products can provide
clean wounds through a selective sorption and
draining effect.

This new approach represents the wound
healing compositions “Flotoxan” and
“Metroxan” (Ukrainian patents 32088A and
33629, respectively) which include highly
dispersed silica and PMS in a mixture with a
cationic surface-active substance and
antimicrobial agent. These preparations have a
controlled dehydrating effect which depends on
the ratio  “silica/PMS” and  sufficient
antimicrobial activity, the capability to absorb
and to retain proteins, bacteria and their toxins,
metabolites of middle molecular weight, thus
preventing the resorption of these substances
through the wound surface. The effectiveness of
these compositions has been proven in many
clinical cases in patients with purulent wounds of
various etiology, such as abscess, carbuncle,
phlegmon, felon, trophic ulcer, burns of various
stages, diabetic foot, efc.

Advantages of powder nanocompositions in
comparison to the soft preparations (ointments,
gels, etc.) are presented in Table 1.

The next step was to create the similar
wound care composition for the common market,
in particular for consumers from the European
Union (EU). Because PMS is registered as a
medicinal substance only in Ukraine, we
replaced it with the Silica, hydrophobic colloidal,
which is described in the European
Pharmacopoeia (Eur. Ph.) [14]. Benzalkonium
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chloride (Eur. Ph.) was used as the cationic anhydrous  accordingly to  Eur. Ph.);
surfactant. The modified composition, which has b) hydrophobic silica (Silica, hydrophobic
got the trademark Pathelen®, consists of colloidal) and c) benzalkonium chloride.

a) hydrophilic nanoscale silica (Silica, colloidal

Table 1. Comparison of highly dispersed sorbents and ointments on water-soluble basis in treatment of purulent
wounds in the first phase of wound process [13]

Index Powder sorbents Ointments

Possess high adhesion to the wound  Melt at the temperature of body and

Distributi h f:
istribution on the wound surface surface flow down on the bottom of wound

Irreversibly absorb proteins, toxins,
microorganisms; take in water.
Hydrophobic sorbents do not absorb

Do not absorb toxins and
microorganisms; are diluted by
wound exudation

Adsorption and osmotic properties

exudation
Pharmacokinetic Can act as carriers of immobilized Promote deep penetration of drugs
features drugs into the tissues

The aim of this work is to develop the optimal The following equipment was used to make
pathway for manufacturing as well as the methods the new composite preparation: a ball mill with a
of quality control for newly proposed drug. steel drum with a volume of 100 L, a ribbon type
mixer (volume 150 L, maximum 50 rpm), a
MATERIALS AND METHODS drying cabinet with a volume of 300L
To manufacture Pathelen® the initial (temperature maximum 300 °C), plastic bulk
substances listed in Table 2 were used. containers (20—100 L volume) for semi-products
Other materials involved in the manufacturing and final product storage and conventional

process were distilled water (supplied in bottles) laboratory equipment for chemical analysis.

and 96 % ethanol.

Table 2. Formulation of nanocomposition that corresponds to the middle dehydrating effect

Content,

(m/m %) Document Trade mark Supplier

Ingredient

Kalush Test Experimental

Silica, colloidal 64 Eur. Ph. A-300 Plant

anhydrous of ISC, Ukraine
Silica, hyd'rophoblc 35.9 Eur. Ph. Aerosil® R972 Evonik
colloidal Pharma
Benzalkonium chloride 0.1 Eur. Ph. - Alfa Aesar

ISC — Institute of Surface Chemistry

Chemical, physicochemical and Jena, Germany) and a spectrophotometer Agilent
microbiology methods described in Eur. Ph. Cary 60, USA), respectively.
were used to ensure quality control of prepared A simultaneous study of thermogravimetric
nanocomposition. and differential thermal properties
Spectral studies in the infrared (IR) and (TG/DTG/DTA) of initial substances and final
visible (UV/Vis) range were performed with a product was performed in a static air atmosphere
spectrophotometer Specord MS80 (Carl Zeiss by a derivatograph  Q-1500D  (Paulik,
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Paulik&FErdey, MOM, Hungary) with the
computer data registration. The samples (54.3
mg of benzalkonium chloride / 302+2 mg of
A-300 or Aerosil R972 or Pathelen®) placed into
a corundum crucible were heated at the rate of
10 °C/min from 20 to 1000 °C.

Microbial examination of product was
performed according to the methods given in
general chapters 2.6.12 and 2.6.13 of the Eur. Ph.
The direct plating method using a buffer solution
containing neutralizing agents was applied. The
need for neutralizing agents is due to the
presence in the product of benzalkonium
chloride, which may have a certain antimicrobial
effect, that, in turn, could affect the final test
result. Acceptance criteria for microbiological
quality were established in accordance with
requirements of the Eur. Ph. (5.1.4) as for non-
sterile products for cutaneous use.

RESULTS AND DISCUSSION

Technological Part. Since the preparation
contains hydrophobic silica, it is poorly
moistened with water. Thus, an aim was to
elaborate a way of its hydrophilisation. In this
work, a partial hydrophilisation of Aerosil® R972
Pharma was achieved by immobilization on its
surface of cationic surfactant benzalkonium
chloride. For this purpose, the method of
mechanochemical treatment (or
mechanochemically initiated immobilization)
was used. In this method benzalkonium chloride
is adsorbed on the surface of a carrier material
[15]. A ball mill serves as the most accessible
and productive equipment for this aim. Due to
mechanochemical  treatment  benzalkonium
chloride forms a monomolecular layer on the

surface of the highly dispersed carrier material
particles to give semi-product “Aerosil
R972/benzalkonium chloride”.

The next problem was to obtain a product as
free from microorganisms as possible, perfectly
— sterile. To study the possibility of using the
simplest method — thermal sterilization — we
performed TG/DTG analysis of the starting
compounds (A-300, Aerosil R972, benzalkonium
chloride), the semi-product “Aerosil
R972/benzalkonium chloride” and the final
product (Pathelen®™). The results of these studies
are presented in Fig. 1. As seen, in the
temperature range from 20 to 350 °C, weight
loss is observed on the thermograms of all
samples (except Aerosil R972) with maxima at
~ 100 °C and ~220°C (Figs. 1 b, c). The first
process is related to the loss of adsorbed water
and is observed for the initial A-300 and final
product (Fig. 1 b, curves 3, 4). The second one
reflects the decomposition of benzalkonium
chloride (Fig.1b, curves 2, 4; Fig.1c¢). It is
clearly seen from the DTG curves that water is
removed in the temperature range from 20 to
206 °C, which makes it possible to calculate its
amount from the TG curves (Fig. 1 a, curves 3,
4). So, the amount of removed water is 3.2 and
3.0 wt. % for initial A-300 and Pathelen®,
respectively. Aerosil R972 does not contain
water. The decomposition of benzalkonium
chloride begins at 140 °C and takes place in
several stages with Tmax: 220, 275 and 480 °C
(Fig. 1 ¢). For benzalkonium chloride in
Pathelen®, only one Tmax = 260 °C is observed on
the DTG curve (Fig. 1 b, curve 4).

a C benzalkonium chloride
” O’O-QQJ' b °] 0
2/ -y
1\ 1——ron2 T 02 204
3 2 —— R972 + benzalkonium chloride | € " < L2
2 3 A-300 E < g
= 2- £ 4 @ 40 ®
5, 4 Pathelen® o & =
3 E-044 |[/1——Ro72 = 8
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Fig. 1. TG (@) and DTG (b) curves of Aerosil R972 (/), semi-product “Aerosil R972/benzalkonium chloride” (2),

A-300 (3) and final product (4); TG, DTG curves of benzalkonium chloride (c)

ISSN 2079-1704. Him. Fiz. Tehnol. Povertini. 2022. V. 13. N 2

163



1.1. Gerashchenko, K.O. Stepanyuk, O.M. Chepliaka et al.

Thus, the above results have shown that for
microbial decontamination of the final product
thermal sterilization cannot be used, the mildest
mode of which provides for exposure at 160 °C.
Therefore, we proposed to subject to thermal
sterilization only the initial A-300 (180 °C for
1 h) with maximum compliance of microbial
purity in the production area.

Below is a brief description of the three stage
production process of Pathelen® for a formulation
presented in Table 2. This method is protected by
the relevant patents [16, 17].

The first stage includes the pre-treating
A-300. To get rid of volatile impurities and
sterilization, it is enough to heat A-300 at 180 °C
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chloride” (b) and the final product (¢, d)

The second stage is immobilization of
benzalkonium chloride on the Aerosil R972
particles. Approximately 500 mL of a solution of
benzalkonium chloride in 96 % ethanol in a ratio
of 1:100 are prepared. The required amount of

1200

164

for 60 min. The cooled product is introduced into
a sterile plastic container for bulk materials. This
stage is constantly performed to accumulate
sterilized A-300 “in reserve”.

The IR spectra of initial and heated A-300
are shown at Fig.2a. The absorption band
3750 cm ™' corresponds to the oscillations of free
silanol groups Si—OH. The broad band with a
maximum near 3400 cm™' belongs to various
forms of sorbed water linked by hydrogen bonds.
The band about 1640 cm™' corresponds to the
deformation oscillations of water molecules.
Some weakening of the intensity of a wide band
in the range 3600-3100 cm ' reflects the removal
of physically bound water from the substance.
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IR spectra of the initial A-300 and after heating at 180 °C (a), semi-product “Aerosil R972/benzalkonium

Aerosil R972 is calculated by the formula of
preparation (Table 2) and is placed in a pre-
disinfected drum of the ball mill, then an
alcoholic solution of benzalkonium chloride is
added. The material is mixed at the velocity of
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15rpm for 30 min. The resulting powder is
unloaded into metal boxes and dried at 60—70 °C
until the alcohol is removed.

After drying, the bulk density of the material
is controlled. To perform this, determine the
weight and amount of semi-product in the
cylinder filled to the “50” mark, after shrinkage
for 10 min. The bulk density of the semi-product
“Aerosil R972/benzalkonium chloride” should
be between 230-240 g/L. The resulting semi-
product is introduced into the sterile plastic
container for bulk materials with accumulating it
“in reserve”.

The IR spectrum of the semi-product
“Aerosil R972/benzalkonium chloride” is shown
at Fig. 2 b. In the spectrum of the intermediate
there are absorption bands characteristic of both
Aerosil R972 and benzalkonium chloride. We
can distinguish bands of silanol groups
3750 cm™’  (may indicate their incomplete
replacement), a wide band OH oscillations of
various forms of sorbed water (maximum about
3400 cm™) and deformation oscillations of water
molecules (1640 cm™), intense valence and
weakly intense deformation vibrations of the
groups —CH3 and —CH,, which are present in
benzalkonium chloride and on the surface of
Aerosil R972.

In the third stage the final product is
obtained. Before the first loading of the mixer its
space is disinfected. The amount of A-300 to be
mixed with the intermediate obtained in stage 2
is calculated based on the load of 1/3 of the
mixer volume. The calculated amount of A-300
prepared in stage 1 is placed in a mixer and
stirred for 10 min. Then the required amount of
semi-product obtained in stage 2 is added and
stirred for 10—12 min. After that, not earlier than
after 10 min the bulk density of the two samples

Nanoscale Silica
(A-300) after
sterilization

Hydrophobic Silica -o-.
S

b i

Benzalkonium Chloride
as surfactant

(Agrosil R 972 Pharma)

Ball mill

—0:

taken from the lower and upper layers of the
composition, respectively, is determined. If a
significant difference is found in the values
obtained, stirring is continued until both values
are in the range of 50—-60 g/L. The final product
(Pathelen®) is placed in sterile plastic container
for bulk materials and the batch number is
marked.

The IR spectrum of the final product is
shown at Fig. 2 c. There are present all the major
absorption bands as in the semi-product
(Fig. 2 b), changing only their intensity. An
increase in the intensity of the silanol groups
Si-OH and a simultaneous decrease in the
intensity of C—H oscillations is associated with
an increase in the content of starting A-300 in
the final product.

In this way, another problem was solved,
which consisted in the non-uniformity of the
composition at various points of its volume after
mixing. This problem is aggravated by a
significant difference in the bulk density of the
components, A-300 (40-50 g/L) and the semi-
product “Aerosil R972/benzalkonium chloride”
(230240 g/L). In industry, this problem is
solved, for example, by granulation of one of the
components. In our case, we used a simpler
technological principle, namely, preliminary
fluffing of A-300. To found the exact value of
the bulk density, you must have a standard
sample — a composition weighing 2.0 g, made
from precise weighed portions of the

components by intensive shaking in a 60 mL
vial. The reference indexes for bulk density and
sorption capacity for each individual batch of
product depend on the indices of the initial
A-300.

The entire drug manufacturing process is
shown schematically in Fig. 3.

Final product —
preparation for wound
care Pathelen®

[ ] °o®
Aerosil particles with
immobilized surfactant

Fig. 3. The scheme of manufacturing process of hydrophilic/hydrophobic composition based on the nanoscale silica

ISSN 2079-1704. Him. Fiz. Tehnol. Povertini. 2022. V. 13. N 2

165



1.1. Gerashchenko, K.O. Stepanyuk, O.M. Chepliaka et al.

Quality Control. Quality parameters are
adapted to the requirements of Eur. Ph. Some
parameters can be corrected later during re-tests
of industrial batches of the product.

Accordingly to the visual examination,
Pathelen® is a light, fine, amorphous powder,
which transforms to a pseudo-liquid state after a
sharp shaking of the vial half-filled with the drug
(an air layer between the particles remains for
some time, disrupting their adhesion). When
shaked with water, it is not fully moistened.

Identification procedure of preparation
includes three tests (A, B, C).

Test A is a reaction of silicates accordingly
to the Eur. Ph. (2.3.1).

In the Test B, to 0.2 g of the preparation
SmL of 1M solution of sodium hydroxide is
added and shaken until homogenous suspension
is formed. The suspension is heated on a boiling
water bath for 5 min and cooled. Then 0.1 mL of
a 0.05 % solution of bromophenol blue and 5 mL
of chloroform are added, shaken vigorously for
1 min and leaved for 15 min; the chloroform

layer turns blue (benzalkonium chloride). A
blank experiment is carried out.

Accordingly to the Test C, the IR spectrum
obtained in thin plates (size 28x5 mm, weighing
20-25 mg, prepared by pressing with a force of
2000 kg/cm?) in the range of 4000-400 cm™
shows a full correspondence to the IR spectrum
of standard sample of preparation (Fig. 2 d).

Besides direct identification tests, some
additional examinations are performed. Thus,
bulk density which is determined as described in
the technological part is normally 50-60 g/L and
strongly depends on bulk density of initial A-300.
The weight loss by calcination should not exceed
6.0 % for which 0.2000 g of the drug is heated in
a platinum crucible at 900+50 °C for 2 h with a
cooling in a desiccator before weighing. The loss
of weight during calcination can be determined

by thermal analysis as described in the
technological part.
The microbial contamination of the

preparation must comply the criteria given in the
Table 3.

Table 3. Results of microbiology test of Pathelen® in comparison with the criteria adopted for products of this class

Acceptance criteria
for microbial quality

Microorganisms

Results of test

accordingly Batch # 1 Batch # 2
to Eur. Ph. (5.1.4)
Total aerobic microbial count )
(TAMC) 10 CFU/g 55 15
Total combined yeast/mould 1
count (TYMC) 10" CFU/g 10 Less than 10

Staphylococcus aureus

Absentinl g

Absentinl g Absentinl g

Pseudomonas aeruginosa

Absentinl g

Absentinl g Absentinl g

CFU — colonia forming units

The adsorption capacity must be not less
than 140 mg of protein per 1 g of the drug. To
0.6 g of gelatin (Eur. Ph.) in a volumetric flask
with a volume of 100 mL add 60 mL of water,
after 30 min heat at 60-70 °C, cool and dilute
with water to 100.0 mL (standard solution
containing 6.0 mg/mL of gelatin, is used freshly
prepared). To 0.08 g of the drug in test-tube add
10.0 mL of standard solution of gelatin, close the
stopper and shake for 1 h. Centrifuge for 20 min
and filter. Then 4.0 mL of biuret reagent (Eur.
Ph.) add in three test-tubes each containing
1.0 mL of water (blank experiment), 1.0 mL of
the filtrate (examined solution) and 1.0 mL of

166

the standard solution (solution for comparison).
The solutions are stirred after each addition and,
after exactly 30 min, the absorbance at
540-560 nm is measured against the blank.

The amount of adsorbed gelatin in
milligrams per 1 gram of the drug is calculated
by the formula:

(4, — A)-60

Ay-m
where Ao — absorbance of the solution for
comparison; 4 — absorbance of the examined

solution, m — mass of the preparation to be
examined in grams.
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It has been found that there is a correlation
close to linear between the adsorption capacity
of the composition and its bulk density. Fig. 4
shows the results of measurements of these
indices for various batches of the final product,
including non-standard ones, obtained during the
optimization of the manufacturing process. As
can be seen, samples with low adsorption
capacity have an overestimated bulk density,
which, in turn, is a consequence of the increased

content of the dense semi-product “Aerosil
R972/benzalkonium chloride” that does not
adsorb proteins. Thus, bulk density control is
considered as an express method to check the
quality of a composition preparing. Of course, it
is necessary to have a standard sample prepared
using A-300 involved in the manufacture of this
one batch of product (preparation of a standard
sample is described in the technological part).

250 -
o
(o))
£ 200 -
=
& 150 -
g -
[u]
(&)
5 100
S
2
S 50
o
<
O T T T T 1
30 40 50 60 70 80 90

Bulk density, g/l

Fig. 4. Linear correlation (R = 0.87) between adsorption capacity and bulk density for various samples of the final
product. The leftmost point on a straight line belongs to the A-300

The presented quality control methods are
intended for testing the drug in bulk. In case of
its manufacturing as a finely packaged drug,
additional requirements are set for containers and
the uniformity of the content and mass of the
drug in a container unit.

CONCLUSIONS

In contrast to the topical application of
antibiotic ointments, there is sorption treatment
of infected wounds, especially in elderly patients
with incurable ulcers on the background of
diabetes. We have substantiated the method of
wound cleaning with the auxiliary composition
of two highly dispersed silicon-containing
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sorbents, one of which has hydrophilic properties
and the other — hydrophobic. Pathelen®
preparation, which has been created specifically
for EU consumers, includes hydrophilic A-300,
hydrophobic Aerosil® R972 Pharma and the
cationic surfactant benzalkonium chloride. The
original technology of manufacturing an
innovative drug based on the mechanochemical
process and methods of quality control have
been developed.
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Jlikysanms iH@IikogaHux eupasox i pan, 0cooaUE0 y JMHIX 100etl, CMAHOBUMb CEPUO3HY npobiemy Yy CyYacHil
Xipypeii. B pe3ynomami Oazcamopiuux 3ycuib Mu CMEOPUIU MA NOYUHAEMO KIiHiYHe BUBYEHHA IHHOBAYINIHOT
KOMRO3UYii 0111 UKY8AHHS PAH, WO MAE SUCOKI A0COPOYIUHI, NPOMU3ANAILHI MA PAHO3A20I06ANIbHI GILACMUBOCTL.
Komnosuyia, sxa ompumana naszsy Pathelen® micmumv nanoposmipnuii ziopoghinonuti kpemmesem (A-300),
2iopogpobnuii kpemmesem (Aerosil® R972 Pharma) ma xnopud 6emsanxouito. Memoio pobomu € onpayosanns
ONMUMANILHOT MEXHONOZI] NPOMUCTO08020 BUPOOHUYMSEA, A MAKONC MEMOOi6 KORMPOIO AKOCMI Npenapamy.

s eusuenHss HaniBNPOOYKMie GUPOOHUYMEA MA KIHYe8020 NPOOYKmy OYI0 3aIy4eHO GUMIPIOGAHHS HACUNHOL
eycmunu, mepmiyHuti auaniz, I49-cnekmpockoniio, Ximiyni memoou ideHmudhikayii, GusHaueHHs aocopOyiliHol
AKMUBHOCMI MAa MIKpPOOION02TUHI OOCTIONHCEHH L.

Pospobneno cnocib6 eupobnuymea Pathelen®, saxuii noaseac y mexanoximiuniti immobinizayii xaopudy
OEH3ANKOHII0 HA NOBEPXHI 2I0POPOOHO20 KpeMHe3eMy Ma 3MIULYBAHHS OMPUMAHO20 HANIBNPOOYKMY 3 2I0pOpinbHumM
HAHOPO3MIPHUM KpeMmHe3eMOM. Takum YyuHoM, 3anpOnOHO8AHO MEXHONOSTUHUL MemOoo OJisk NOEOHAHHSL 2I0POPiTbHUX
ma 2iopoghobHux Hanomamepianie 6 o0Homy npenapami. Kinyesuii npodyxm 6ionogioae 6cmaHo81eHUM NOKAZHUKAM
saxocmi. 3okpema, Hacunna eycmuna cmanosums 50—60 2/1, adcopbyitina akmuenicmo — He menwe 140 me binka na
epam npenapamy. [[o6edeHo Gi0CYymMHICMb NAMOSEHHUX MIKPOOP2AHI3MIE ma epudKie, KIIbKICMb Henamo2eHHUx
MIKpOoOpeanizmis 6ionogioae sumozam €sgponeticokoi @apmaronei 015 npooykmis yiei kame2opii.

Ompumani pe3ynomamu Moxicyms Oymu KOpUCHUMU Ol Opeanizayii y mMatoymmubomy wupoKoMacuimaonozo
BUPOOHUYMBA 3aNPONOHOBAHOZ0 NPENAPATNY.

Knruosi cnosa: nikysanns pas, adcopoyis, HAHOPO3MIPHULL KpeMHe3eM, 2I0podoOHULI KpeMHeseM, GUPOOHUYUT
npoyec, KOHMpPOJb AKOCMI
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