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Abstract

The purpose of this research work was the creation of a safe and effective wound healing drug, in the multicomponent
polysaccharide base of which the fibroblast growth factor is integrated in the optimal concentration.

Materials and Methods: The present work was carried out in three stages. In Stage 1, the essential formula of a wound healing
drug was created. In order to optimize the composition of the base formula, studies were conducted with various concentrations of
structure-forming polysaccharides. In Stage 2, we performed technical tests of the gel composition of the medical product on hMSCs
culture, and determined the optimal concentration of the growth factor, which was added to the base formula developed at Stage 1
in different concentrations. In Stage 3, an experimental safety study of the developed gel composition, including growth factors, was
performed on laboratory animals. In an experimental safety study (subchronic toxicity) on a wound model, sexually mature male rats
and Wistar females of the same age (8—9 months) were used. In all animals, 2 wounds of standard size were modeled on the back. Taking
into account the weight and gender, rats were distributed evenly into two experimental groups. Group 1 included rats we treated with
a polysaccharide gel based on polymers. This polysaccharide gel included thFGF-b. Group 2 was used as control (without treatment).

Results: The laboratory, histological and gravimetric studies of the internal organs and wounds of the animals in the
experimental and control groups did not reveal any regular pathomorphological changes indicating the presence of the general
toxicological properties of the studied products. This indicates the safety in vivo of the product being developed.

Conclusion: The studies conducted in vitro and in vivo allow us to proceed with studies determining the effectiveness of
the developed wound healing medical product on laboratory animals. (International Journal of Biomedicine. 2019;9(3):247-250.)
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Introduction prevalence in the world population of cardiovascular diseases,
diabetes mellitus, obesity, and metabolic syndrome, the

The problem of wound healing in any medical specialty hard-to-cure chronic wounds even more worsen the global
related to surgery is always important. Given the increasing problem, which is associated with significant economic

costs.!"¥ Therefore, to provide healing of acute and chronic

, . . - wounds, ever new medicines and medical devices are
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successes, the task of developing tools for fast and high-quality
epithelization of acute and chronic wounds remains vital.

The purpose of this research work was the creation of a
safe and effective wound healing drug, in the multicomponent
polysaccharide base of which the fibroblast growth factor is
integrated in the optimal concentration.

Materials and Methods

The present work was carried out in three stages. In
Stage 1, the essential formula of a wound healing drug was
created. In order to optimize the composition of the base
formula, studies were conducted with various concentrations
of structure-forming polysaccharides. The concentration
of pectin (Sigma Aldrich) was selected in the range of 0 to
5 g/l with an increment of 0.5 g/l. The concentration of the
substance alginate (Sigma Aldrich) was selected in the range of
0to 1 g/l with an increment of 0.1 g/l. The concentration of the
substance chitosan (Sigma Aldrich) was selected in the range
of 0 to 1g/1 with an increment of 0.1 g/l. The concentration of
agar-agar (Roeper) was selected in the range of 0 to 1 g/l with
an increment of 0.1 g/1, carboxymethyl cellulose in the range of
1 to 12 g/l with an increment of 1g/1. The various components
of the base framework of the gel (except the growth factors)
were introduced into water in different proportions and mixed.
The solution was sedimented, then sterilized. The resulting gel
was analyzed for uniformity and viscosity, then stored in a
refrigerator at +4°C. All samples were analyzed every day
for 7 days for the formation of sediment, heterogeneities in
consistency, viscosity, and color. The samples that showed
the best results were mixed with each other (and then with
the growth factor), after which they were also analyzed for
the presence of heterogeneities in the composition, structure,
color and other characteristics. As a result of the experiments,
we determined the optimal range of concentrations of active
substances for the essential formula of a wound healing drug,
including the following active ingredients: pectin (0.5-1.0
g/l), agar-agar (0.5-1.0 g/l), alginate (0.1-0.5 g/I), chitosan
(0.1 g/l), and water-soluble cellulose derivatives (including
carboxymethyl cellulose, cellosize) (10-12 g/1). Subsequently,
the gel was first analyzed for the presence of specific
biological activity in the culture of the human mesenchymal
stem cells (hMSCs) isolated from the pulp of a human tooth.
The presence of activity was measured by specific tests that
determine the degree of stimulation of cells to proliferate: an
increase in the level of mitochondrial activity as an indicator
of energy metabolism inside the cell, the Live/Dead test.

In Stage 2, we performed technical tests of the gel
composition of the medical product on hMSCs culture, and
determined the optimal concentration of the growth factor,
which was added to the base formula developed at Stage 1
in different concentrations from 50 g/l to 1000 g/l. We used
fibroblast growth factor (rhFGF-b) (Paneco, Russia). This
growth factor was introduced into the gel base by mixing on a
magnetic stirrer in different concentrations, after being diluted
in normal saline (NaCl 0.9%). Five concentrations of rhFGF-b
were studied: 50, 100, 250, 500, and 1000 ng/ml. The control
was a gel composition without thFGF-b (0 ng/ml).

In the stage of technical testing, we used methods
that allowed us to provide a comprehensive qualitative and
quantitative analysis of the biological activity of the obtained
therapeutic composition and of the characteristics of the cell
culture and their activity when introduced into the culture
of a medical product. We evaluated the levels of free lactate
dehydrogenase (LDH) and dehydrogenase activity (MTT
test), analyzed the morphological characteristics of the nuclear
apparatus with nuclear staining using the Hoechst 33342 DNA-
binding dye, and assessed the degree of drug influence on cell
proliferation in culture, the level of mitochondrial activity, and
the analysis of the active cytoskeleton. To assess the ratio of
living and dead cells in the culture, the L-7007 LIVE/DEAD
BacLight Bacterial Viability Kit (Invitrogen), the so-called Live/
Dead test, was used. Morphology and fluorescence staining were
monitored using an LSM-510 inverted microscope (Carl Zeiss).

Cytotoxicity analysis was performed on the line of
hMSCs isolated from the pulp of the teeth. Cells were plated
in 96-well plates at a density of 40,000 cells/cm* in DMEM/
F12 medium (1:1) supplemented with 5% fetal calf serum
and 100 IU/ml of penicillin/streptomycin and cultured under
5% CO, at a temperature of 37°C. The gel composition was
applied after adhesion of the culture to plastic.

In Stage 3, an experimental safety study of the developed
gel composition, including growth factors, was performed on
laboratory animals. Experiment was performed in accordance
with the Guide for the Care and Use of Laboratory Animals
(The institute of Laboratory Animal Resources, 1996).

In an experimental safety study (subchronic toxicity) on
a wound model, sexually mature male rats and Wistar females
of the same age (8-9 months) were used. In all animals, 2
wounds of standard size (wound radius 1.0 cm; depth to the
fascia) were modeled on the back at the same distance to
the right and left of the spine and at the same distance from
each other. Taking into account the weight and gender, we
distributed the rats evenly into two experimental groups. Group
1 included rats we treated with a polysaccharide gel based on
polymers. This polysaccharide gel included rhFGF-b. The gel
was applied daily one time per day starting from day zero for 7
days; the test product was used in each animal immediately on
2 wounds. Group 2 was used as control (without treatment).

On Day 8 of the experiment, in rats under ether anesthesia,
blood samples were taken from the cavity of the right ventricle for
laboratory tests (clinical blood test [the content of hemoglobin,
red blood cells, white blood cells and platelets] and biochemical
blood test [total protein, urea, creatinine, glucose, AST and
ALT]). The rats were euthanized for pathomorphological studies
by closed intrathoracic transection of the great vessels and the
heart, resulting in rapid exsanguination; then the absolute and
relative mass of organs was determined. Organs and tissues
or their parts were fixed in a 10% formalin solution. Finally,
we performed a histological examination of the heart, brain,
thymus, liver, kidneys, lungs, mesenteric lymph nodes, stomach,
and small and large intestines in the rats of both groups with a
description of the histological structure of the internal organs.

Statistical analysis was performed using statistical
software package SPSS version 23.0 (SPSS Inc, Chicago, IL).
The results are presented as M(mean)+SD(standard deviation.
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The Mann-Whitney U Test was used to compare the differences
between the two independent groups. A probability value of
P<0.05 was considered statistically significant.

Results

The analysis of the biological activity of the gel
compositions modified with thFGF-b at different concentrations
(50, 100, 250, 500 and 1000 ng/ml) revealed their high degree
of biocompatibility.

A study of cytotoxicity using different methods showed
the safety of the gel composition. Thus, there was no significant
increase in the level of free LDH when gel compositions were
introduced in all test incubation periods (24, 48, and 72 hours),
which indicates that the gel composition components did no
damage to the bilayer cell membranes. The analysis of the
number of apoptotic cells in the MSC culture during 24, 48,
and 72 hours did not reveal a significant increase in all tested
samples and in all incubation periods with gel compositions.
The cells had a fibroblast-characteristic extension along
the type of the leading edge and no significant increase in
propidium positive stained cells. A comprehensive analysis of
the morphological characteristics of the cell nuclear apparatus
also did not reveal changes (condensation, degradation,
chromatin fragmentation) during incubation with the modified
gel compositions for up to 72 hours. This confirms the absence
of a genotoxic effect. In addition, safety was confirmed by the
absence of a destructive effect on the actin cytoskeleton of
hMSCs when they were incubated with a gel composition
after 3 days in all studied concentrations of rhFGF-b.

The next step was to determine the optimal concentration
of thFGF-b. A significant increase in the level of dehydrogenase
activity was established during 3 days of cultivation at the
rhFGF-b concentrations of 500 and 1000 ng/ml (Fig.1). In
addition, a significant increase in the proliferative activity of
hMSCs was detected at rhFGF-b concentrations of 500ng/ml
and 1000 ng/ml. On Day 3 of cultivation, a significant increase
in the number of cells in the culture was recorded. This
suggests that the cells have the optimal microenvironment
and maximum closed to vivo conditions (Fig.2). The absence
of a significant increase in proliferative activity at lower
concentrations can be attributed to the distribution of rhFGF-b
in the gel composition and its diffusion to cells.

Thus, the tests performed allowed us to determine the
optimal concentration of thFGF-b at 500-1000 ng/ml, which
in the polysaccharide gel composition—the basis of wound
healing agents—showed the best properties. Because of the
absence of significant cell changes at hFGF-b concentrations
of 500 ng/ml and 1000 ng/ml, given the high cost of growth
factors, it was decided that a concentration of 500 ng/ml is
most preferred.

The next step was an experimental study on laboratory
animals, dedicated to the assessment of subtoxic toxicity
of the product being developed. The results of laboratory
testing showed no statistical differences in groups for various
indicators. The results of gravimetric studies showed that the
masses of the liver, kidneys, heart, brain, thymus, and lungs
did not differ in both groups (Table 1).
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Fig. 1. Analysis of the level of dehydrogenase activity of
hMSCs after incubation with a gel composition modified with

rhFGF-b for 24, 48 and 72 hours.
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Fig. 2. Proliferation of hMSCs in the presence of a
polysaccharide gel modified with rhFGF-b on Day 3 of
cultivation.

Table 1. The results of laboratory testing and gravimetric studies on
Day 8 of the experiment

Indicator Group 2 Group 1 P-value
Hemoglobin (g/1) 137.8+4.7 | 132.0£2.0 >0.05
Red blood cells (x10'%/1) | 6.88+0.23 | 6.66+0.20 >0.05
White blood cells (x10°/1)| 11.3+2.5 12.842.5 >0.05

Platelets (x10%1)
Total protein (g/1)

822.2+43.6 | 800.8+47.0 >0.05
65.8+1.3 66.4£1.5 >0.05
13.79+1.17 | 14.21£1.01 >0.05

Glucose (mmol/l)

Urea (mmol/l) 6.6+0.3 6.2+0.3 >0.05
Creatinine (mmol/l) 50.4+1.9 48.0+1.7 >0.05
AST (mmol/l) 48.6£5.1 47.6+2.8 >0.05
Liver weight (mg/g) 35.3+£2.2 36.5£0.9 >0.05
Kidney weight (mg/g) 7.3+0.3 8.1+£0.3 >0.05
Heart weight (mg/g) 3.7+0.2 4.1£0.4 >0.05
Brain weight (mg/g) 6.4+0.3 5.7+0.5 >0.05
Thymus weight (mg/g) 1.0+0.2 1.1+0.1 >0.05
Lung weight (mg/g) 8.3+1.4 8.5+0.6 >0.05

A histological examination of the heart, brain, thymus,
mesenteric lymph nodes, stomach, and small and large
intestines in rats of the two groups did not reveal the presence
of any pathomorphological changes.
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Discussion

Thus, on the basis of the technical tests in vitro, a gel-
like essential formula of a wound healing medical product was
created that meets modern requirements. To improve the effect
of wound healing, fibroblast growth factor was integrated into
it and its optimal concentration was determined. At the same
time, all used samples met safety requirements; cytotoxicity
was not found. Between different research methods, a
correlation of indicators was observed, that is, all indicators
increase or decrease simultancously.

The results of experimental studies have demonstrated
the safety of the developed multicomponent gel composition
based on natural and synthetic polymers, which includes
active substances stimulating the regenerative properties of
cells, namely the fibroblast growth factor. The laboratory,
histological and gravimetric studies of the internal organs
and wounds of the animals in the experimental and control
groups did not reveal any regular pathomorphological changes
indicating the presence of the general toxicological properties
of the studied products. This indicates the safety in vivo of the
product being developed.

The studies conducted in vitro and in vivo allow us
to proceed with studies determining the effectiveness of the
developed wound healing medical product on laboratory
animals.
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