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Introduction
Hydrophilic polymers are of special interest for application in medicine due to their biocompatibility and ability to absorb water. 

One of the most ancient and at the same time the most popular polymer is poly (vinyl alcohol) (PVA). 

The main objective of the presented study was elaboration of macromolecular polymeric matrices on the basis of PVA provided for wound protection as wound dressing containing therapeutic substances (TS) designated as therapeutic systems. At the same time therapeutic systems can be used as drug delivery systems. Therefore, extraction of TS from polymeric matrices was evaluated and analyzed. 
Therapeutic systems should provide temporary physiologic wound covering and control of the intensive inflammatory reactions characteristic for open wound as well as degree of protection from mechanical trauma, vapor permeability characteristics similar to skin, and a barrier to bacteria [1]. To provide necessary treatment different TS were used – antiseptic, antibacterial substances and substances for local anesthesia, in same cases, for better results, therapeutic substances were used simultaneously. 
Materials and methods
PVA matrices

Partially crystalline PVA with molecular mass 130 kDa, melting temperature 225,8oC and glass transition temperature – 76,6oC (according to DSC method) was used for investigation. 

The choice of PVA is determined by its ability to form polymer matrices from water solution, which facilitates incorporation of TS as most of them are soluble in water and at the same time excluding the use of organic solvent in the process of film forming. In order to ensure the necessary elasticity and controllable stress – strain behavior of material PVA was plasticized with glycerol as one of the most suitable PVA plasticizer [2, 3]. PVA water solution (10 – 15 wt. %) plasticized with glycerol and containing TS was chosen as the base material for working out polymeric matrices for antiseptic therapeutic systems. Some polymeric matrices were filled with hydrophilic starch to control release rate of TS.
Therapeutic substances
 Some kind of TS - antiseptic, antibacterial substances and substances for local anesthesia –
 such as water or alcohol solutions of Furacilinium, Viride nitens, Dioxidinum, Lidocainum, Iodine were used. 

Content of TS in polymer coatings intended for clinical investigation was chosen from literature data regarding to TS incorporation as well as in accordance with permissible single and day dose. Concentration of incorporated TS in PVA polymer systems are in the range 0.2 to 0.8 wt. %, for substances for local anesthesia – 0.4 to 0.8 wt. % [4, 5].
Preparation of antiseptic therapeutic systems

For preparation of antiseptic therapeutic systems, medical gauze is fixed on the silicate glass and wetted with water, after that the polymer solution containing TS is applied. Applicator with controllable gap is used to provide required thickness of coating. Medical gauze with polymer coating is dried in the air. To provide full evaporation of solvent material is dried in vacuum at the end of the process. Prepared therapeutic systems are packed in polyethylene (PE) bags and sterilized.

Sterilization of antiseptic therapeutic systems
Sterilization by steam and γ–radiation is used for product sterilization in medicine, pharmacy and food industry [6]. The most frequently used method is sterilization by γ-radiation. 

Sterilization process of polymeric matrices was studied by use of 60Co γ–radiation (25 kGy) which has several essential advantages: sterilization occurs in absolutely isolated and impermeable packing excluding repeated pollution; another radiation advantage is ability to get to any place of the material and destroy vegetating organisms; control of the process is simple and reliable measuring the dose of radiation in order to provide the necessary minimum [7]. 

Three types of samples were investigated:

· non sterilized;

· sterilized by steam (autoclaved in a special package “Biobag - 30” for 15 minutes, at the temperature 121oC);

· sterilized by γ–radiation (25 kGy).

Determination of TS extraction

Experiments on extraction of TS were carried out by ultra violet one ray spectrophotometer UV mini 1240 SHIMADZU with two light sources which allowed appreciate changes in optical density (absorbance):

· incandescence lamp or halogen lamp which provides radiation range from 350 to 900 nm;

· Deuterium lamp which supplies radiation from 200 to 350 nm.

During the investigation both lamps functioned alternately, so it was possible to evaluate changes of optical density in time at corresponding wavelength in zone range of ultraviolet-visible (UV-VIS) absorption spectrum. 

Results and discussion
In order to evaluate extraction of TS from polymeric matrices, wavelength of UV-VIS spectra for some TS was selected (Fig.1, Fig.2). 
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Figure 1.
Selection of UV-VIS spectra wavelength (nm) for determination of Viride nitens release kinetics in 0,9% NaCl water solution.
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Figure 2.
UV wavelength selection for determination of Iodine release kinetics in 0,9% NaCl water solution.
Correlation between optical density and selected wavelength in time was determined for TS containing 0,9% NaCl water solution (Fig.3). 
The concentration of TS in solution can be estimated from solution optical density changes at the chosen wavelength (Fig. 3).
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Figure 3. Correlation between optical density and content of TS at selected UV wavelength.
Sterility testing of polymeric matrices was examined (Institute of Microbiology and Biotechnology) and showed that the necessary sterility of all samples sterilized by radiation and steam was ensured. 
The common number of the viable bacteria - dominant colony forming units (CFU) was obtained from the test surfaces rinsed in saline solution (Table 1). The selective agar culture mediums were used:

a) “R2A Agar” alternative medium (code CM 906, “OXOID”) for enumeration of heterotrophic bacteria;

b) “NB agar culture medium” (code CM 3, “OXOID”) recommended for determination of wide spectrum of micro-organisms;

c) “Malt culture medium” similar to “Malt Extract Agar” culture medium (code CM 59, “OXOID”) recommended for determination of yeast and mould.
Table 1
                Number of micro-organisms in the dilutions (CFU/ cm2)
	Samples
	CFU/ cm2  on the agar culture medium

	No. 
	Composition*
	Method of sterilization 
	R2A
	NB
	Malt A

	1. 2
	PVA-FD
	-
	1E+03
	0
	1E+01

	2. 3
	PVA-FL
	-
	1E+03
	0
	0

	3. 5
	PVA-FD
	steam
	1E+01
	0
	0

	4. 6
	PVA-FL
	steam
	0
	1E+01
	0

	5. 7
	PVA-F
	γ-radiation
	1E+01
	0
	0

	6. 8
	PVA-S
	γ-radiation
	0
	0
	0

	7. 15
	PVA+ 30% glycerol
	γ--radiation
	1E+01
	0
	0


* F - Furacilinium; L - Lidocainum; D - Dioxydinum; S – starch.
Number of micro-organisms on the surfaces of investigated materials is very low even for non-sterilized samples.    
The influence of ionized radiation onto polymer materials may be of two kinds. Possible reactions in polymer: increasing of molecular mass – cross-linking or destruction of the chains and as a result - decrease of molecular mass. If polymer is resistant to radiation, no essential changes in molecular mass are observed. 

PVA radiation by γ –rays in the air, at the room temperature, causes destruction of polymers main chain, but at the higher temperature – cross-linking. Similar process is observed radiating PVA by ultra violet radiation in the presence of a sensibilizator. In comparison with the chemical method, structuring is more advantageous for obtaining PVA materials used in medicine. The reason for this is because no essential changes in polymer chemical structure take place and, depending on the dose of radiation, it is possible to reach, for instance, a desirable degree of cross-linking [8]. 

Cross-linking reactions are characteristic of PVA and TS extraction of spatial structures is hindered. So, γ-radiation hindered Furacilinium extraction intensity from PVA polymer systems approximately 2 times. Experimental data testify that incorporation of starch and increasing content of TS hastens extraction of TS (Fig.4).
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Figure 4.
Correlation between optical density and TS releasing from radiated and non-radiated antiseptic wound dressings in 0,9% NaCl water solution.
Identical coherence is observed incorporating several therapeutic substances simultaneously (Furacilinium + Dioxydinum) in PVA polymer matrices. γ-radiation treatment of samples hindered extraction of Furacilinium and Dioxydinum mixture from PVA polymer systems almost by half comparing with untreated therapeutic systems (Fig.5).
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Figure 5.
γ–radiation influence on optical density changes of PVA polymer systems containing TS (Furacilinium + Dioxydinum) at 227 nm.

Simultaneous antimicrobial/ antiseptic combination of therapeutic substances and local anesthesia aids has predictable application providing comfort to patients with deep, large burn. 

Different materials may be used for burn wounds protection but assessment of wound must be done before choosing them. Some conditions are important for burn treatment: preservation of undamaged epithelium cells, prevention of infection, and promotion of spontaneous epithelisation.

It is expectable that PVA antiseptic wound dressings will promote quicker and entire implementation of all three conditions and assure decrease of patient pain during the change of dressings.

The clinical investigations of elaborated PVA based therapeutic systems are realized at Latvian State Burn Center.

Conclusions
1. Therapeutic substances (TS - antibacterial, antiseptic and substances for local anesthesia) containing macromolecular polymeric matrices on the basis of PVA were elaborated. Simultaneous incorporation of antimicrobial/ antiseptic TS and local anaesthesia aids in PVA matrices is possible.
2. It was established that extraction of TS from polymer matrices was essentially influenced by initial content of TS. Incorporation of starch in PVA polymer system hastens TS extraction 2 times but γ-radiation was found to hinder Furacilinium release from PVA polymer systems 2 times. Identical coherence is observed also for PVA polymer systems containing several TS (Furacilinium + Dioxidinum) simultaneously. 
3. It was ascertained that sufficient sterility of antiseptic therapeutic systems has been provided by γ-radiation (25 kGy) and by steam sterilization. Low content of microorganisms was observed for TS containing samples even without sterilization.
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J. Greidāne, A. Dzene, N. Loginova, V. Tupureina, M. Dzenis, L. Savenkova. Makromolekulāras terapeitiskās sistēmas.
Darbā pētīta terapeitisko sistēmu izveidošana, izmantojot ārstnieciskas vielas (ĀV) saturošas polivinilspirta matricas. Izstrādāta šādu antiseptisko terapeitisko sistēmu izgatavošanas tehnoloģija un pārbaudīta to sterilitāte Latvijas Universitātes Mikrobioloģijas un biotehnoloģijas institūtā. ĀV izdalīšanās kinētika pētīta ar ultravioletās spektroskopijas metodi.
J. Greidāne, A. Dzene, N. Loginova, V. Tupureina, M. Dzenis, L. Savenkova. Macromolecular Therapeutic Systems.
The main objective of the presented study was elaboration of macromolecular polymeric matrices on the basis of poly (vinyl alcohol) containing therapeutic substances (TS) designated as therapeutic systems. The technology of antiseptic therapeutic system preparation was developed. Sterilized antiseptic therapeutic systems were examined at the Institute of Microbiology and Biotechnology of Latvian University. TS extractions kinetics was carried out by ultra violet (UV) one ray spectrophotometer.

И. Грейдане, А. Дзене, Н. Логинова, В. Тупурейна, М.Дзенис, Л. Савенкова. Макромолекулярные терапевтические системы.
Исследована возможность изготовления макромолекулярных полимерных матриц на базе поливинилового спирта, содержащих лекарственные вещества (ЛВ), предназначенных для использования в качестве терапевтических систем. Разработана технология изготовления вышеуказанных антисeптических терапевтических систем, и в Институте Микробиологии и биотехнологии Латвийского университета  проверена их стерильность. Кинетика выделения ЛВ определена методом ультрафиолетовой спектроскопии.
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