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Abstract

Background: The aim of our research was to study the effectiveness of the potentiation of reparative processes in soft tissues
using high-pressure oxygen insufflations of the sorbent (S-HPOI) in the experiment.

Methods and Results: The study included 150 Wistar rats that were divided into 5 groups: four control groups and one
experimental group. Each group included 30 animals. The identical soft tissue wounds were simulated in animals of all groups.
No additional interventions were carried out in the animals of the control group (CG) 1; high-pressure oxygen and air insuffiation
of wounds were applied in animals of CG2 and CG3, respectively; sorbent applications were performed for wound treatment in
animals of CG4. The technique of S-HPOI was applied in animals of the experimental group (EG). The results of the experiment
were assessed immediately after the simulation procedure, and on Days 1, 3, 5, 7, and 14 after wound simulation.

The use of the sorbent applications and S-HPOI contributed to a significant acceleration of reparative processes by 1.1-
1.3 and 1.2-1.5 times, respectively, compared with the results obtained in animals of CG1.The use of high-pressure oxygen has
practically no benefits in wound treatment compared to similar intervention using air jet.

Conclusion: On the whole, S-HPOI resulted in the maximum reduction in the area of soft tissue wounds: by 74.0% in 3 days,
by 99.5% in 10 days compared to the initial findings. (International Journal of Biomedicine. 2020;10(3):247-250.)
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Introduction

Currently, there is no decrease in the number of patients
with soft tissue wounds; this might result from the fact that
there is an increase in the number of patients with injuries,
neoplasms, ulcers, and comorbid pathology.!*® About 1.5% of
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the population and up to 10% of patients in surgical hospitals
suffer from long-term treated wounds, and their treatment is
often not only very complicated, but also dramatic.!’ Novel
materials, techniques and devices are constantly being
introduced into surgical practice to advance clinical outcomes
of this group of patients, but their effectiveness is still not
adequate. Effects based on the use of oxygen therapy and
sorbents that potentiate the repair of tissue defects have proven
appropriate in various areas of medicine."”

The aim of our research was to study the effectiveness
of the potentiation of reparative processes in soft tissues using
S-HPOI in the experiment.
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Materials and Methods

The study was performed at the Department of General
Surgery, Voronezh State Medical University named after N.
N. Burdenko. A special device was designed to implement the
S-HPOI technique. This device consisted of a spray nozzle, a
sorbent container, and a mixing chamber (Fig.1). S-HPOI in
the wound therapy was applied from the distance of 10-15cm,
at an angle of 30-45° daily for 7 days (until the defect was
closed). The study included 150 Wistar rats that were divided
into 5 groups: four control groups and one experimental group.
Each group included 30 animals.

“
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Fig. 1. Scheme of the device for the S-HPOI technique.

1—body, 2 — connecting pipe, 3 — spray nozzle, 4 — container

for a medication, 5 — connecting cover, 6 — fixing screw, 7
— mixing chamber, 10 — inner part of the connecting cover,
11 — pivot link, 12 — system of silicone tubes.

The identical soft tissue wounds were simulated in
animals of all groups. No additional interventions were
carried out in the animals of the control group (CG) 1; high-
pressure oxygen and air insufflation of wounds were applied
in animals of CG2 and CG3, respectively; sorbent applications
were performed for wound treatment in animals of CG4.
The technique of S-HPOI was applied in animals of the
experimental group (EG).

All animals included in the study were anesthetized
by Zoletil-100. The wounds were simulated under aseptic
conditions by excision in the area of the withers on the pattern
of soft tissues with superficial fascia. The surgical field had
been previously carefully shaved and treated with antiseptic
solutions. The defect was washed with a 0.9% sodium chloride
solution and covered with a sterile dressing.

The results of the experiment were assessed immediately
after the simulation procedure, and on Days 1, 3, 5, 7, and 14
after wound simulation. The assessment included the animals’
condition, the dynamics of symptoms of inflammation
(soreness, swelling, hyperemia, hyperthermia, and exudation),
the intensity of regeneration processes (the presence of
granulations, epithelization, etc.), metrics (size and dynamics
of the area of the defect), and morphological and statistical
research methods.

Work on the animals was done in compliance with the
principles of the Helsinki Declaration on the humane treatment
of animals, stated in normative documents of the European
community(86/609/EU), Manual on Experimental (Preclinical)
Study of New Pharmacological Substances, and “Good
laboratory practice” (MHRF Order No. 708H of 23.08.2010).

Statistical ~analysis was performed using the
Statistica 6.1 software package (Stat-Soft Inc., USA). The
normality of distribution of continuous variables was
tested by the Kolmogorov-Smirnov test with the Lilliefors
correction and Shapiro-Wilk test. For descriptive analysis,
results are presented as meantstandard deviation (SD). For
data with normal distribution, inter-group comparisons were
performed using Student’s t-test. Mann-Whitney U test and
Wilcoxon criterion were used to compare means of variables
not normally distributed. A probability value of P<0.05 was
considered statistically significant.

Results and Discussion

Edema of paravual tissues was the most pronounced in
animals of CG1 and it was improved on average in 3.26+0.27
days; edema of paravual tissues was the least pronounced in
animals of EG, and its elimination was registered in 2.47+0.32
days after the defect was performed. In animals of CG2,
CG3, and CG4, the studied parameter constituted 2.86+0.41,
2.76+0.35, and 2.72+0.27 days, respectively (Table 1).

Table 1.

The relief of local signs of inflammation in the groups included in
the study

Time, days
Group
Edema Hyperemia | Wound discharge!
CGl1 3.26+£0.27 2.78+0.46 3.55+0.36
CG2 2.86+0.41 2.67+0.54 2.75+0.36
CG3 2.76+0.35 2.63+0.39 2.75+0.36*
CG4 2.72+0.27* 2.51+0.35 2.67+0.30*
EG 2.47+0.32* 2.27+0.30 2.42+0.38*

Note: ' — towards minuscule discharge; * P<0.05 in comparison with
CGl

Hyperemia in the wound area was retained mostly in
animals of CG1 - up to 2.78+0.46 days. Hyperemia in the
wound area was cured most rapidly in animals of EG - up
to 2.27+0.30 days. The use of high-pressure oxygen and air
insufflations of wounds arrested hyperemia in 2.67+0.54 and
2.63+0.39 days, respectively, and sorbent applications in
2.51£0.35 days.

After wound simulation without treatment (CG1), the
wound discharge disappeared, on average, in 3.55+0.36 days;
after use of oxygen and air insufflations - in 2.75+0.36 days;
after use of sorbent applications - in 2.67+0 30 days.

There were no significant differences between groups in
the wound area after simulation, and the wound area averaged
134.3£13.3 mm?(Table 2).

In animals of CGI, the studied parameter steadily
decreased during the entire observation period, compared to
the initial size, by 37.6%, 60.8%, 77.6%, and 86.9% on Days
1, 3, 7, and 10 after wound simulation, respectively. In CG2
and CG3, the wound area was eliminated by 39.5% and 40.8%



D. V. Archipov et al. / International Journal of Biomedicine 10(3) (2020) 247-250 249

on Day 1, 66.3% and 68, 2% on Day 3, 83.5% and 84.6%
on Day 7, and 92.9% and 93.6% on Day 10, respectively,

Table 3.
Dynamics of optical density of RNA and SH-groups, RU

compared with the findings obtained before treatment. Sorbent - -
applications in animals of CG4 resulted in a reduction in size Group Day after wound simulation
of the defect by 39.0%, 71.6%, 88.4%, and 98.2% on Days 1, 1 3 7 10
3,7, and !0, respectively. S-HPOI in EG animals resulted in Optical density of RNA
the reduction of the wound area by 42.7%, 74.0%, 90.3% and
. . * * *

99.5% on Days 1, 3, 7, and 10, respectively, compared with cal 0.24+0.01 | 0.26+0.01 0.30+0.01* | 0.31+0.02
the sizes obtained immediately after wound simulation. CG2 0.25+0.01 | 0.27+0.01* | 0.31£0.02* | 0.32+0.02

CG3 0.25+0.01 0.27+£0.01* | 0.32+0.01*" 10.32+0.01*"
Table 2. CG4 0.26+0.01 0.28+0.01* | 0.32+0.02*%" | 0.33+0.02
Dynamics of changes in the wound area, mm’ EG 0.26:0.01 | 027+0.01 | 0.32+£0.02 | 0.34+0.02

Day after wound simulation Optical density of SH-groups
Group|  pay of CGl1 0.26£0.01 | 0.26£0.01 | 0.28+0.02 | 0.27+0.01
y 0 . . . . . . . :
simulation Day 1 Day 3 Day 7 Day 10

CG2 0.26+0.02 0.26+0.01 0.29+0.01 0.27+0.01
CGI1 [132.9+13.787.1+£8.58*| 50.5£5.9% | 22.4+£3.2% |11.3+1.4*

CG3 0.27+0.02 0.27+0.02 0.29+0.01 0.28+0.02
CG2 |133.3+£12.9|84.6£8.7* | 43.6+£6.2* | 16.5£3.8* |6.1£1.4*"

CG4 0.28+0.02 0.28+0.02 0.31+0.02 0.29+0.02
CG3 [135.4+12.1|84.2+8.5% | 41.8£5.4* | 15.7+£3.4%"|5.6x1.0%"

EG 0.28+0.02 0.28+0.02 0.34+0.02 0.29+0.02

CG4 |134.1£13.1|85.9+8.4* |37.0+4.9%" | 11.7+£3.3%|1.6+0.7*"

EG |[135.6+14.5|81.6+8.1* [34.243.6%"| 9.942.5%210.5+0.7*"

Note: *- P<0.05 in comparison with Day of simulation; ™ -P<0.05 in
comparison with CG1

When studying the RNA level, we detected
chromatophilic substances having different intensities most
pronounced in the growth layers of the skin in animals of
CGl1 on Day 1 of the study; that fact indicated higher activity
of metabolic processes in this area (Table 3). On Day 3, the
severity of chromatophilic substances became more intense in
the deep layers of the epidermis; in some cases, the basophilic
material was located perinuclear. The OD (in relative units
[RU]) of RNA in the epithelium on Days 1 and 3 was equal to
0.24+0.01RU and 0.26+0.01RU; on Days 7 and 10, we found
a further growth of the studied indicator to 0.30+0.01RU
and 0.31+£0.01RU. The maximum number of SH-groups in
animals of CG1 was determined in the deeper layers of the
paravual epidermis. The OD of SH-groups in the growth
layers was 0.26+0.01RU, 0.26+0.01RU, 0.28+0.02RU, and
0.2740.01RU on Days 1, 3, 7, and 10, respectively.

In CG2, on Day 1 after the procedure, HPOI resulted
in moderate basophilia with a more pronounced reaction
within the growth layer; and the OD parameters for RNA and
SH-groups were equal to 0.25+0.01RU and 0.26+0.02RU,
respectively. On Day 3 after the procedure, metabolic
activity was activated together with re-epithelialization of
the wound area and was accompanied by stabilization of the
studied parameters at the level equal to 0.27+0.01RU and
0.26+0.01RU. On Day 7, the epidermis recovery resulted
in an increase in the OD of RNA up to 0.31+0.02RU. SH-
groups in the indicated period were determined in the upper
layers and amounted to 0.29+0.01RU, which could indicate
the activation of keratinization of the epithelium. On Day 10,
the OD of RNA and SH-groups constituted 0.32+0.02RU and
0.27+0.01RU, respectively.

Note: *— P<0.05 in comparison with Day 1; ~-P<0.05 in comparison
with CG1

In CG3, on Day 1 after intervention, the OD of RNA and
SH-groups was 0.25+0.01RU and 0.27+0.02RU, respectively.
On Day 3, the OD of RNA increased to 0.27+0.01RU, and
the SH-group level was stabilized at 0.27+0.02RU together
with the increased metabolic activity. On Days 7 and 10, the
restoration of damaged RNA was observed with an increase
in the OD of RNA up to 0.32+0.01RU and 0.32+0.01RU, SH-
groups - up to 0.29+0.01RU and 0.28+0.02RU, respectively.

In CG4, on Day 1 after sorbent applications, the OD of
RNA and SH-groups was 0.26+0.01RU and 0.28+0.02RU,
respectively. The growth in the SH-group level in this case
demonstrates increased metabolism and increased soft
tissue regeneration. On Day 3, the OD of RNA was equal
to 0.28+0.01RU; at the same time, the OD of SH-groups
remained at the initial level. On Days 7 and 10, the wound was
filled with the formed epidermis and the OD of RNA reached
0.3240.02RU and 0.33+0.02RU, and the SH-group level -
0.3140.02RU and 0.29+0.02RU, respectively.

Similar dynamics of the changes in metabolic processes
was registered in animals of EG after S-HPOI: the growth of
RNA and SH-groups as the defect was further epidermized
and the epidermis differentiated; these processes subsequently
decreased as stratification processes completed. On the
indicated days, the RNA level constituted 0.26+0.01RU,
0.2740.01RU, 0.32+0.02RU and 0.34+0.02RU, and for SH-
groups: 0.28+0.02RU, 0.28+0.02RU, 0.34+0.02RU, and
0.28+0.02RU.

In conclusion, we can state the following:

- The use of high-pressure oxygen has practically no
benefits in wound treatment compared to similar intervention
using air jet.

- The use of the sorbent applications and S-HPOI
contributed to a significant acceleration of reparative processes
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by 1.1-1.3 and 1.2-1.5 times, respectively, compared with the
results obtained in animals of CG1. On the whole, S-HPOI
resulted in the maximum reduction in the area of soft tissue
wounds: by 74.0% in 3 days, by 99.5% in 10 days compared
to the initial findings.

- A higher reparative activity when using the sorbent is
supported by parameters of the level of RNA and SH-groups,
compared to findings obtained in the animals of other groups
where sorbent was not applied.
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