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Abstract: The article presents experimental studies on the evaluation of the physico-chemical
properties of the new mesh implant "Niprocel". A mesh prosthesis with a composite coating was
developed for use in herniology in allogernioplasty of ventral hernias. This series of experiments is
a mandatory preclinical study. It has been established that the polypropylene mesh meets the
requirements for medical implants in terms of: bioinertness, biocompatibility, adhesion, strength,
hemostatic effect, as well as the possibility of sterilization without disturbing the structure and
properties.
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1. Introduction

In modern herniology, the issue of choosing the type of mesh implant remains rele-
vant. The material used should provide both skeletal properties for the anterior abdominal
wall and a low risk of developing specific prosthetic complications [1, 2, 3]. It is in this
aspect that the development of new materials continues, which must meet the required
physico-chemical and biological properties. Reaction to a foreign body is the main risk
factor for the development and progression of prosthetic complications [4], [5]. The cas-
cade of possible events may include the formation of long-term recurrent seromas in the
area of the prosthesis, wound suppuration, the development of prosthetic fistulas, wrin-
kling or detachment of the mesh implant [6]. All these complications can lead to a recur-
rence of a ventral hernia with paraprosthetic hernial gates and (or) significantly reduce the
quality of life of patients during the treatment of these problems with an increase in the
cost of postoperative rehabilitation [7]. At the same time, the variant of the performed plas-
tic surgery is not of little importance, namely the location of the mesh prosthesis relative
to the aponeurosis.

Different schools have different views on this issue, since the choice of allogerno-
plasty option is influenced by the anatomical features of the hernial defect, the condition
of the musculoaponeurotic skeleton of the anterior abdominal wall, and factors such as the
type of mesh prosthesis used and the level of qualification of the surgeon. In this aspect,
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the quality of the prosthesis plays an important role for herniology, and therefore work in
terms of improving prosthetic materials continues and is actively discussed [8-12].

An indisputably fundamental point for practical healthcare in any country is the cost
of treating patients with ventral hernias, including the cost of the mesh prosthesis itself,
especially since the number of such patients does not tend to decrease. Accordingly, an
urgent direction for domestic surgery is to optimize the choice of a mesh prosthesis and a
type of plastic surgery in terms of reducing the risk of postoperative complications due to
the development of a new implant that is not inferior in its properties to foreign analogues.

2. Materials and Methods

The study is based on the study of the physico-chemical properties of the first do-
mestic mesh prosthesis for use in surgery of ventral hernias. According to modern require-
ments for the development of new medical devices, certain experimental studies are re-
quired to introduce them into clinical practice. Upon receipt of positive results of this anal-
ysis, the product can be recommended for production, sale and use in clinical surgery.

A group of scientists from the “Republic specialized scientific and practical medical
center of surgery named after academician V.Vakhidov” and the Khorezm Regional Mul-
tidisciplinary Medical Center developed a new composite coating for a mesh prosthesis,
which, with the support of Turon Silk Pharm LLC (Republic of Uzbekistan), was used to
create the first domestic mesh implant "Niprocel" for use in herniology in allogernioplasty
of ventral hernias.

Active ingredients of the Niprocel implant with composite coating:
— Polypropylene thread;

— Sodium carboxymethylcellulose (Sodium salt of cellulose glycolic acid, CMC, So-
dium Carboxyl methyl cellulose) purified);

—  Oxidized viscose;
—  Calcium chloride "kh/ch";

— Mass obtained from a soluble fraction of collagen in distilled water according to
GOST 6709;

— Medical glycerin;
—  Methylene blue (blue).

According to the tasks set, the primary research is aimed at describing the character-
istics, as well as studying the physico-chemical, biological and bacteriological properties
of the new domestic mesh implant "Niprocel".

3. Results and Discussion

According to the developed technology, studies were conducted on the purification
and production of highly purified Na-CMC samples from its technical grades. Viscose fi-
ber is extracted by processing natural vegetable cellulose and is considered a modification
of cellulose fiber called hydrate cellulose. In our study, the native state of both fibers was
assessed using a stereomicroscope (MSP-2 LOMO).

At the same time, the viscose fiber is visually defect-free, smooth, transparent, and
the fiber thickness is the same. Cotton cellulose fiber consists of many small fibers and is
not smooth. The thickness varies along the length of the thread and varies unevenly.

Production of oxidized viscose by hydrolytic cleavage of viscose in a solution of so-
dium hypochlorite, powdered viscose with a yield of 50% was obtained. The resulting
powdered viscose was further oxidized and bleached with a solution of 4% aqueous hy-
drogen peroxide solution at various temperatures for 30 minutes. Then the resulting mass
was thoroughly washed with water, dehydrated with acetone and dried at a temperature
of 80 °C for 2 hours.
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When studying the effect of oxidants (oxidizer - 12% sodium hypochlorite solution)
on the breakage of the fibers that make up the composite coating, it was found that the
breakage of the viscose fiber increases over time, and the effort spent on breaking decreases.
compared to cellulose fiber. The results are presented in the Table 1 and in Figure 1.

Under the influence of oxidants, both fibers changed in different ways. Cotton cellu-
lose showed high resistance, the degree of fiber breakage decreased by only 1.5 times in 4
hours. The viscose fiber lost strength 3 times in 3 hours, completely disintegrated by 4
o'clock.

Table 1. The effect of oxidants (12% sodium hypochlorite solution) on fiber breakage

Initial
Fiber adhesion 30 60 90 2 3 i | 5 10 15 20
strength minutes minutes minutes hours hours hours hours hours hours hours
(Pa)
Cellulose
512 498 495 490 427 366 303 292 241 194 101
(gauze)
Viscose 114 97 85 74 52 28 complete breakdown of the fiber
600
500
400
300
200
100
0
The 30min - 60min 90min 2 hours 3hours 4hours 5hours 10 hours 15 hours 20 4acos

original

=o—Cellulose Viscose

Figure 1. The change in the fiber rupture index over time under the action of an oxidizer
(sodium hypochlorite 12%)

As aresult of the tests, it was found that the adhesive ability of the viscose composite
material is equal to 961 pascal (Pa). In the visual and stereomicroscopic evaluation of the
new composite coating, as mentioned above, when examining the cross-section of a viscose
composite film under a microscope, it can be seen that the fibers are located in the middle
of the composite film and they form a single whole with other components. The process of
preparing and constructing a viscose composite film took an average of 25 hours. A sample
of the composite mesh is shown in Figure 2.
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component polymer coating. StM 10x4

To create a composite coating, the physico-chemical characteristics of viscose fiber
and cellulose fiber (medical gauze) were checked and an experimental and morphological
assessment was given.

The main physico-chemical characteristics of the Niprocel composite mesh:

1) Physical examinations: The adhesion of the composite material. At the same time,
the rules of practice for calculating the adhesive ability of a composite material
were developed. The results obtained were calculated using the following for-
mula: adhesive strength (F): F= mg. Here m is the mass, g is the acceleration of
gravity of 9.8 m2/s. Then the stickiness was calculated: F/S. Ra (Pascal) was chosen
as the unit of measurement.

2) Chemical Research: In this study, we analyzed the effect of oxidants on the rate
of fiber rupture. The strength of fibers tested with oxidants was evaluated over
time. A 12% solution of sodium hypochlorite was used for the study. Equal
amounts of viscose and cellulose (gauze) fibers were taken, a solution of sodium
hypochlorite was added to them and the degree of breakage was measured. The
tensile strength was measured first every 30 minutes to 2 hours, then every 1 hour
to 5 hours, and then every 5 hours. The results were studied in the form of a com-
parative table.

The main medical requirements for the polymer material were: adhesion strength,
tensile strength, hemostatic activity. Studies have found that the adhesion required for
medical purposes should ensure a tight fit to the wound surface, which ultimately pro-
vides an instant hemostatic effect. Comparative studies of the adhesion of the obtained
Niprocel implant with analogues are shown in Figure 3. A comparative assessment of the
adhesiveness of other polymer materials has shown that the adhesion of the Niprocel im-
plant is comparable to No. aCMC, however, the latter is of little use for hemostasis pur-
poses, since it dissolves quite quickly on a wet surface.
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Figure 3. Investigation of the adhesion of the composite mesh. High adhesion of Niprocel
in the range of 0.0076+0.00016 n/cm?

According to comparative studies, it has been established that Niprocel has a suffi-
ciently high strength, which fully meets the requirements for implants of this kind. The
study of the tensile strength of a composite mesh: Niprocel-tensile strength in the range of
290 - 480 kGf/cm?2.

Assessment of the hemostatic activity of the composite mesh in vitro. APTT (acti-
vated partial thromboplastin time) is a basic technique for studying hemostasis, gives an
idea of the state of factors of the internal pathway of activation of X factor (YIII, IX, XI). In
control plasma samples, the APTT was 38.3+2.3 seconds. In the presence of Na-Ca-CMC
film, APTT shortened by 2.1 times; in the presence of oxidized cellulose, it did not signifi-
cantly change (p>0.05), and in the presence of Niprocel, it shortened by 1.9 times compared
with the control. The results indicate activation of factors of the internal mechanism of
blood coagulation, adsorption and inactivation of factors in the presence of a film (Table
2).

Table 2. Evaluation of the hemostatic activity of the implant
Prothrombin Blood clotting
No Type of research APTT, s Fibrinogen, mg
time, s time, min
1 Control, P1 38,3+2,3 14,2+0,8 3800+12 9,8+0,6
2 Film, R2 18,2 +1,7 4,5+0,2 3500+43 6,4+0,4
3 Niprocel, P3 20,1 +0,8 6,1+ 0,4 3700£32 2,4+0,6
4 P1:2 <0,05 <0,05 >0,05 <0,05
5 P1:3 <0,05 <0,05 >0,05 <0,05
6 P23 >0,05 <0,05 >0,05 <0,05

Prothrombin time allows you to evaluate the factors of the prothrombin complex —
I, Y, YII, X. In control plasma samples, the prothrombin time was 14.2+0.8s. In the presence
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of the Na-Ca-CMC film, APTT shortened by 3.1 times, in the presence of Niprocel - by 2.8
times, in the presence of oxidized cellulose - it did not significantly change.

The fibrinogen content with the addition of film, oxidized cellulose and Niprocel did
not significantly differ from that in the control plasma. The obtained results of ARTT short-
ening together with prothrombin time indicate activation of blood clotting in general, both
by internal (with the participation of YIII IX XI factors) and by external mechanism (with
the participation of YII factor) with activation of the entire prothrombinase complex (II, V,
X). The effect of the film may be due to the presence of calcium ions — IV plasma factor
involved in all phases of coagulation hemostasis. Niprocel also contains bound calcium,
which causes the effect of increased blood clotting.

In the presence of a polymer, the blood clotting time according to Lee-White was
shortened by 2.1 times relative to the control, which was 2.4 + 0.6 minutes; in the presence
of a film, it was shortened. The results indicate the activation of blood clotting in the pres-
ence of oxidized cellulose due to the transition of plasma to a gel-like state, which is prob-
ably due to the physico-chemical properties of oxidized cellulose. At the same time, oxi-
dized cellulose does not have an activating effect on plasma coagulation factors.

12

10

N

Niprocel Carboxymethyl-viscose Oxidized viscose powder

Figure 4. Evaluation of hemostasis of the implant. High hemostatic activity of the Niprocel
mesh (2.4+0.6 min)

The results obtained indicate an increase in the coagulation process of donor blood
in vitro in the presence of a polycompositional polymer based on cellulose derivatives,
possibly due to the activation of factors involved in both the external and internal path-
ways of coagulation hemostasis. The presence of similar properties in the Niprocel poly-
mer opens up the prospect of its use as a hemostatic implant in surgery.

Thus, the conducted studies have shown that in the presence of a polycompositional
polymer based on Niprocel cellulose derivatives, the total coagulation activity of whole
blood in vitro increases, which indicates the presence of hemostatic properties in this im-
plant.
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4. Conclusion

Taking into account the experience of creating mesh implants, it can be concluded
that the most effective of them are represented by polypropylene filaments. Their main
disadvantage is the lack of adhesion to the tissues of the body, the high risk of infection
between the nodes of the grid. Broad-spectrum antibiotics are added to such implants to
impart antimicrobial properties, however, the growth of resistance of microorganisms sig-
nificantly limits the effectiveness of such antimicrobial coatings.

To solve the tasks set: to enhance the adhesion of the mesh to tissues, to provide a
hemostatic effect, as well as to impart antimicrobial activity, we have developed a compo-
site coating on a polypropylene mesh. Studies of the physico-chemical composition have
shown the compatibility of these ingredients, the simplicity of the method of applying the
composite coating, as well as the possibility of providing a multifunctional effect on sur-
rounding tissues and microbes.

The coating created from a polycomposite polymer material has the ability to bio-
degradate in a certain period of time, gives the mesh implant new properties: it enhances
the adhesion of the mesh to tissues, which allows to significantly prevent corrugation and
deformation of the implant on the surface of tissues. Hemostatic properties make it possi-
ble to prevent the accumulation of hematomas and seromas in the area of mesh implanta-
tion. The inclusion of methylene blue in the coating, in addition to its own antimicrobial
effect, will allow for photodynamic effects, which significantly increases antimicrobial ac-
tivity, even against antibiotic-resistant strains of microorganisms. The neutral pH of the
composite coating reduces the risk of increased aseptic inflammation in the wound.

According to research data, the developed implant has characteristics comparable to
foreign analogues in terms of bioinertness, shelf life, and is characterized by greater hemo-
static activity, adhesion, and relative cheapness of the technological process. The above
allows us to start “in vivo” research to evaluate the effectiveness of the implant.

Polypropylene mesh meets the requirements for medical implants in terms of: bioin-
ertness, biocompatibility, adhesion, strength, hemostatic effect, as well as the possibility of
sterilization without disturbing the structure and properties. The commercial availability
of products is due to the fact that local raw materials are used in production.
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