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Abstract

This paper examines the prospects of using polyvinyl alcohol as a unique binding filler, ideally suited
for the creation of cutting-edge test materials and wound dressings. The conditions for obtaining
polymeric medical films based on polyvinyl alcohol were revealed, as well as the investigation of certain
physicochemical properties of the resulting films. The optimal polymer concentration in the solution
used for film formation was determined. A composition that incorporates a cross-linking agent and a
plasticizer was selected, providing the films with water resistance, elasticity, softness, and flexibility.
Water absorption, swelling, and elasticity were assessed for a wide range of film compositions. The
potential application of these developed films as long- lasting wound dressings was demonstrated.
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Introduction

Polymers have long been used in modern medical practice with considerable
success. Their primary application lies in creating new forms of pharmaceuticals, such as
microcapsules, hemostatic sponges, and medical films for various purposes. The simplicity
and high technological nature of films allow their use not only as pharmaceutical agents but
also as wound dressing materials [1,2]. In 1970, polymer films were officially introduced as
a substitute for fast-dissolving tablets [3]. In the wound dressing market, an entire group of
“medicinal films” has been identified, justifying the relevance of their use and the interest
in improving this form of pharmaceutical release [4]. Ophthalmological and antiadhesion
medicinal films are particularly popular [5], and their use as wound dressings is considered
promising [6]. Such wound dressings are biodegradable, eliminating the need for additional
surgeries,and in cases where an active substance is included in the polymer matrix, a controlled
and gradual release of the pharmaceutical agent into the human body occurs [7,8]. As aresult,
the use of such coatings significantly simplifies postoperative wound care, contributing to the
successful completion of surgical procedures. Currently, numerous polymer drug films have
been developed, which possess various effects: Antimicrobial, Antiviral, Ammunomodulatory,
etc. [9]. Heparin, dipyridamole, diclofenac, levofloxacin, and others are introduced as active
pharmaceutical ingredients in such films [10,11].

Polymer indicator films with pH-indicative properties have also gained considerable
recognition [12,13]. Films of this nature can be used for diagnosing pathological (and
other) processes accompanied by changes in the pH of biological fluids. The possibility of
using PolyVinyl Alcohol (PVA) as the sole polymer for creating medical coatings is due
to its availability, low cost, and non-toxicity. Furthermore, PVA is permitted for use in the
medical and food industries [14]. In the literature, there are sporadic studies dedicated to
the application of PVA for the creation of medical coatings, both individually [15,16] and in
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combination with other polymers [17-19]. However, an in-depth
study of the dependence of the properties of film coatings based
on PVA on their composition has not been found in the literature
sources. One of the objectives of this research is to create a universal
set of matrices based on PVA with varying solubility to develop a
wide range of therapeutic and diagnostic film coatings.

Materials and Methods

In this study, we used the following materials: PolyVinyl Alcohol
(PVA) - Alfa Aesar CAS Number: 9002-89-5: low viscosity (Mw
10,000-26,000), medium viscosity (Mw 57,000-66,000), and high
viscosity (Mw 88,000-97,000); GlutarAldehyde (GA)-CAS: 111-30-
8; Glyoxal (trimer dihydrate) crystalline-CAS: 4405-13-4; Glycerin-
CAS: 56-81-5; PolyEthylene Glycol 400 (PEG-400)-CAS: 25322-68-
3.

Preparation of film coatings

A 3% aqueous solution of PVA was mixed with a cross-
linking agent, either glutaraldehyde or glyoxal, and a plasticizer,
either glycerin or PEG-400. The resulting solution was degassed
in a vacuum desiccator DN 250 at a pressure of 15-20kPa for 20
minutes. The solution was poured into glass molds to achieve a
layer thickness of 7mm. The material was dried in a drying oven,
gradually increasing the temperature from 30 to 80 °C. Films with a
thickness of 32 to 35 micrometers were obtained.

Methods for investigating the structure and properties
of film coatings

Elasticity was determined according to GOST - 6806-73 using
a set of cylindrical rods with diameters of 5, 6, 8, 10, 12, 15, 16,
20, and 25mm, as well as flat rods with rounded tops and a
rounding diameter of 1, 2, 3, 4mm. The polymer film was placed on
a larger diameter rod (25mm), tightly pressed, and smoothly bent
around the object. After bending, the film was examined under a
microscope for the presence of fractures and cracks. If no defects
were found, the film was bent sequentially from larger diameter
rods to smaller ones until defects were detected. To determine the
swelling, samples of circular shape and equal size (#25mm) were
filled with 20ml of distilled water. After specific intervals of time
(from 10 to 300 seconds), the sample was removed from the water,
excess moisture was removed, and the diameter of the film material
was measured. Linear swelling was determined using the formula:

D, -D
H="2""1.100% (1
D

1
Where H is the swelling, %; D, is the diameter of the swollen
sample, mm; D, is the diameter of the original sample, mm.

To determine water absorption, film samples weighing (0.1-
0.2g) were placed in a limited volume of distilled water (30ml).
Every 30 seconds, the sample was removed from the water, excess
moisture was removed, and it was weighed on ShinkoDenshi HT-
120CE analytical balances. Water absorption was determined using
the formula:

m, —m
B=——":100%
m, (2)

Where m, is the mass of the initial polymer film, m, is the mass
of the polymer film after the test.

The residual content of glutaraldehyde in the film was
determined by gas chromatography with flame-ionization detection
and quantitative evaluation using the absolute calibration method
on a “Crystal-2000M” chromatograph. The column used was a
quartz, capillary HP-5 (30m/0.32mm/0.25um), with a nitrogen
flow rate (carrier gas) of 1.5ml/min, hydrogen flow rate of 20mL/
min, and air flow rate of 200mL/min. The evaporator temperature
was 190 °C, the detector temperature was 220 °C, and the column
temperature was 180 °C. The methanol extract, obtained by
treating the film sample with ten times its volume of methanol, was
subjected to the study.

Result and Discussion

Since PVA is widely used in creating various forms of
pharmaceutical preparations, it seems quite promising to use this
polymer to obtain film coatings based on it. PVA has excellent film-
forming properties; however, its application is impossible without
using plasticizers and cross-linking agents in its composition. Films
obtained without the additional introduction of modifiers were
brittle, inelastic, and quickly dissolved in water, which does not
meet the requirements for medical films.

Film modification

Medical films, as pharmaceutical dosage forms, should
primarily be elastic, strong, smooth, transparent, and slowly
soluble in biological fluids [20]. To impart elasticity to the polymer
film, a plasticizer is included, chosen from glycerin and PEG-400.
Controlled solubility is provided by the introduction of a cross-
linking agent (cross-linker) [21], such as glyoxal and glutaraldehyde
[22-24]. During the conducted research, it was found that the
inclusion of glycerin and PEG-400 in the polymer matrix increased
the elasticity of the resulting polymer film. However, glycerin was
more effective in imparting softness, flexibility, and elasticity.
With an equal amount of plasticizer (10% of the polymer mass),
the films containing glycerin exhibited greater elasticity. Elasticity
assessment was carried out in accordance with GOST-6806-73.
During the bending process, films containing PEG-400 developed
microcracks and defects visible under a microscope. Films
containing glycerin did not have such flaws. To choose the optimal
amount of glycerin, a series of films was produced, each of which
was controlled according to GOST 6806-73. The test results are
presented in Table 1. At a glycerin content of 50% in the polymer
matrix, flexible and elastic films were obtained that could withstand
up to 50 bends around a rod with a diameter of 1mm without
visually discernible defects.

The most common cross-linkers for many polymers, including
PVA, are glutaraldehyde and glyoxal. The study of cross-linked films
showed that the introduction of glyoxal gives the films additional
rigidity and does not provide the required cross-linking quality
[25]. The test results are presented in Table 2.
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Table 1: Results of elasticity determination.

Amount of Glycerin (%) Relative to the Mass of the Polymer

PVA 0 10 20 30 50
Maximum Allowable Diameter (mm) of the Rod before Damage to the Film Coating According to GOST 6806-73
Low Viscosity 20 10 6 2 Less Than 1
Medium Viscosity 25 10 6 3 Less Than 1
High Viscosity 25 10 6 3 Less Than 1

Table 2: Characteristics of films using different cross-linkers and containing 30% glycerin. *The cross-linking agent was
added to the polymer matrix in an amount of 5% by weight of the polymer.

PVA Cross-Linking Agent* | Time of Complete Dissolution, min Diameter (mm) of the Rocég(t;;l_l;;amage According to GOST

Glutaraldehyde 20 2

Low Viscosity
Glyoxal 17 4
Glutaraldehyde 22 3

Medium Viscosity

Glyoxal 19 5
Glutaraldehyde 25 3

High Viscosity
Glyoxal 21 5

Water absorption and swelling

It is evident that by varying the amount of cross-linking agent,
it is possible to change the main operational characteristics of
the film coatings, including water absorption and swelling. These
properties will determine the scope of application of these coatings
for wound surfaces of different etiologies and, therefore, there is an
opportunity to reduce the risk of various wound complications. The
effect of the amount of cross-linking agent on the water absorption
of films made of PVA with different viscosity is presented in Figures

B, %

100

1-3.Itcanbe clearly seen that the quality of the polymer film depends
directly on its composition. The higher the crosslinking agent
content in the polymer matrix, the longer the dissolution time of
the film and the less hygroscopic it is. This variation in composition
makes it possible to produce coatings for wound surfaces with
varying degrees of exudation. Another important characteristic of a
wound coating is its degree of swelling or swellability. It determines
the ability of the active substance contained in the film to migrate
to the lesion site. The effect of the amount of crosslinker on film
swelling is shown in Figures 4-6.

100 150

t.c

Figure 1: Water absorption of low viscosity PVA films with different GA contents: 1-2.5% GA; 2-5% GA; 3-10% GA;
4-15% GA; 5-20% GA; 6-25% GA; 7-30% GA.
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Figure 2: Water absorption of medium viscosity PVA films with different GA contents: 1-10% GA; 2-20% GA; 3-30%
GA.
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Figure 3: Water absorption of PVA high viscosity films with different GA contents: 1-10% GA; 2-20% GA; 3-30% GA.
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Figure 4: Dependencies of film swelling on time. Polymer: PVA low viscosity, GA content: 1-2.5%; 2-5%; 3-10%;
4-15%; 5-20%; 6-25%; 7-30%.
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Figure 5: Dependence of film swelling on time. Polymer: PVA medium viscosity, GA content: 1-10% GA; 2-20% GA,;
3-30% GA.
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Figure 6: Dependence of film swelling on time. Polymer: PVA high viscosity, GA content: 1-10% GA; 2-20% GA;3-
30% GA.

In summary, it appears promising to use polymeric matrices
based on PVA as a depot for drug delivery. This is relevant both for
postoperative wounds requiring hemostatic support and for other
wounds contaminated with microorganisms where continuous
antiseptic therapy is important [26]. Therefore, depending on the
depth and severity of the wound process, it is possible to ensure
the necessary rate of deposition of the active substance in the
focus of the lesion. Swelling is precisely the indicator of the rate
of prolonged release of the active substance, and the adjustable
parameters here are the average molecular weight of the polymer
used and the amount of cross-linking agent. The higher the content
of glutaraldehyde in the polymer composition and the higher the
viscosity of the initial polymer, the slower the swelling process
of the polymer film and the more long-lasting the depot of the
active substance will be. One of the main parameters for medical
films is their safety. Therefore, all introduced cross- linking agent
in the matrix should be consumed in the reaction or removed
during drying. Gas chromatography method was used to evaluate
the residual amount of GA in the film. It has been shown that
when GA is added to the film in an amount exceeding 15% of the
polymer weight, the amount of unreacted aldehyde can reach 5-7%
of the initial amount. Therefore, to ensure the completeness of
the reaction, subsequent use of GA as a cross-linker was carried
out in an acidic environment. Hydrochloric acid was used in this
study as a catalyst for the PVA cross-linking process. A composition
based on high viscosity PVS with 5% GA addition was chosen for
further investigations. The variable parameter was the content
of hydrochloric acid. The obtained series of films was studied
for swelling. The research results are presented in Figure 7. The
presented results clearly demonstrate the role of acid in the cross-

linking process. It can be seen that HCI acts not only as a catalyst
for the cross-linking process with glutaraldehyde, but also as a
reagent that independently reduces the solubility of PVA. This is
evidenced by the gradual decrease in the swelling of the films with
increasing concentration of HCI in the initial polymer solution. It is
possible that the decrease in solubility in this case is realized due to
intramolecular and intermolecular dehydration of PVA.

H, %

50

40

30

20

10

0 100 200 300

t,c

Figure 7: Swelling of polymer films with different
ratios of acid and GA: 1-without acid; 2-1:0.5; 3-1:0.8;
4-1:1.0; 5-1:1.2; 6-1:1.5; 7-1:2.0.
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Conclusion

The results of this study demonstrate the potential use of readily
available and safe polymers such as polyvinyl alcohol as a matrix
for the creation of medical coatings. The selected compositions of
polymer compositions provide high elasticity, softness, smoothness,
and transparency of the obtained films. By varying the amount
of cross-linking agent, coatings with different degrees of water
absorption and swelling were created, which determine the final
properties and application range of these products in medicine.
In the future, based on the developed formulations, it is planned
to create and study drug films with active ingredients, as well as
indicator films.
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