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Chronic wounds are a serious medical condition that takes a minimum of eight weeks up 1o many
years to heal. They can seriously affect the quality of life of patients and may lead to mobility
limitations and depression. The majority of commercial hydrogel wound drcs?'mgs do not have
antimicrobial properties or include active pharmaceutical ingredients. Their use in the treatmen ¢
purulent wounds and burns mostly limited to high-draining properties, soothing and pain relics
rehydration of the wound bed, and facilitation of autolytic debridement. This work aims to develop »
technology for manufacturing novel hydrogel materials with antimicrobial activity for application 2«
a flat sheet-type wound dressings. These products will be useful for treating various skin abrasions
or burns, inflammatory skin diseases and chronic wounds. The use of antimicrobial dressings can
reduce the need for antibiotics and therefore concerns about antibiotic resistance.
Hydrogels are natural or synthetic hydrophilic materials with cross-linked structure, capable of
' holding large amounts of water (up to 1-2 liters of water per 1 g of dry polymer) without complete
. dissolution. The ability of hydrogels to absorb water arises from the presence of hydrophilic
functional groups present in these materials, while their resistance to dissolution arises from cross.
links between network chains. Hydrogels are soft and porous materials, resembling soft biological
tissues. They are able to donate water to dehydrated tissue, while allowing the passage of water vapour
and oxygen to the wound surface. This helps to increase the phagocytic activity of leucocytes and
enzymatic activity of damaged cells. This, in turn, removes necrotic tissue during the autolysis, a
destructive phase of wound healing. Due to this unique combination of physicochemical and
biological properties hydrogel materials have found numerous biomedical applications, including
wound care, contact lenses, hygiene products, drug delivery systems and tissue en gineering [1].These
materials provide moisture to the wound, which promotes granulation, epithelialisation, and autolytic
AW it; they also facilitate reduction of pain. Hydrogel dressings have many advantages over
ointments and creams. In particular, they can provide an active cleansing
effects; they ve*e»xeellent compatibility with a variety of drugs; they
from the wound surface. These properties of hydrogel wound
1y treat abrasions, burns, skin inflammation, ulcers.

shed methods of manufacturing hydrogels for
r of advantages, including the simultancous
stitute of Nuclear Physics (Kazakhstan) uscs
The present project will focus on
ind dressings, which will include
mmercially-available catior_llC
] and wound healing propertics

duced by the Institui¢
Ipyrrolidone (PVP):
ticizing agent. The
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hoto of synthesized hydroge ines i

varied for the Symhesisyofhz);rfllr(\;vgoc:rlic:cirsis'ngs is shown in Figure 1. The following parameters Wer
3 ) 1 2 . . . . - . . t

optimal o i (able 10), gs containing chitosan with antimicrobial activity and with

Figure 1. The photo of synthesized hydrogel wound dressings based on polyvinylpyrrolide% agar,
chitosan and polyethylene glycol as a plasticizing agent. -

Table | - Comgosition of hydro el wound dressings based on Chitosan and Agar.
Composition Chitosan
. E (%) Aigar (%) PEG
el | 1.25-0.05 .25 0.5 7.0
2 1.25-0.10 1525 1.0 7.0
3 1.25-0.15 1625 ) 7.0
4 1.25-0.20 1.25 2.0 7.0
5 1.2:0.0 |82 0.0 7.0
6 2.9-0.0 9.2 0.0 7.0 _
7 | 0.0-1.0 (Aqua Dress) 0.0 1.0 T 1.5

el wound dressings based on %MM{NO}

Table 2 - Composition of hydrog
No Composition PVP (%) PEG (%) AgNO; (%) Dose, kGy
® | Chitosan-Agar (%) el |

1 1.25-0.20, HMW 7.0 15 2 21.80
_.——-—_/_—_.—_--———'—'____—_.—_,_—————_‘-——'——————‘_7—— i

2 1.25-0.20, HMW 7.0 155 _ 17.80
i e -]

3 1.25-0.20, HMW 7.0 1.5 . 13.82 |

4 1.25-0.20, AMW 7.0 55) 10 13.82

% 2 L—___—.__.—__‘-_t__—_-_—___——_-——_—_——f_—(_r—?——’—,
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5 1.25-0.20, HMW 7.0 |15 10 21.80
6 1.25-0.20, HMW 7.0 1L 10 17.80
—‘_\—‘_\ﬂ
7 1.25-0.20, HMW 7.0 1.5 10 13.82
2
8 | 0-1.0 (Aqua Dress) 7.0 1.5 10 21.80

*HMW - High molecular weight of chitosan; AMW — Average molecular weight of chitosan.

For synthesized hydrogel wound dressings the swelling characteristics, mechamcall test and adh;stn
tests and antimicrobial activities have been studied. The data obtained'from swell}ng ChaFaCt(.?r'lstics
analysis showed that the presence of ionic component in the formulation results in better_ablllty of
hydrogels to absorb water what is attractive because it can provide better perfomgnge of hydroge|
dressings. The samples with highest chitosan content are mechanically weak and variation of chitosan
and agar ratio allows selecting optimal formulation content. Thus, new hydrogels can provide better
drainage effect due to the higher swelling degree. Nevertheless, higher content of chitosan in the
hydrogels leads to a decrease in the pH value to 4.5 (for formulations with completely substituted
agar) and pH 5.2 (for formulations with chitosan and agar 1.25-0.20 weight %). These values are
close to the allowable pH range for wound dressings. Institute of Nuclear Physics (INP) produces
hydrogel dressings with typical pHs around 5.5. Another mteresting feature is the possibility to
substitute agar completely or partially - with chitosan as a thickener. It will allow a decrease in the
hydrogel dressing cost because chitosan is cheaper than agar.

Mechanical properties and adhesiveness of the wound dressings to the skin were studied using
Texture Analyzer. The hydrogel wound dressings “Aqua Dress” produced by INP have been used to
compare the properties of newly synthesized chitosan dressings. The mechanical properties of the
“Aqua Dress” dressings showed higher mechanical properties comparing to hydrogel wound
dressings with chitosan. However, synthesized new dressings possess moderate mechanical
properties, which have been improved by addition of AgNOjs in the formulation. Adhesiveness test
showed that new dressings have better adhesiveness to the skin compared to “Aqua Dress” hydrogels
without chitosan.

During the study of antimicrobial properties of dressings the chitosan containing samples did not
show any antimicrobial activity probably because of relatively high pH value and as a result - not
sufficient ionization degree of chitosan functional groups. Addition of AgNOjs in the formulation
provided antimicrobial activity of hydrogels and improving the mechanical properties of wound

dressings because Ag ions form silver nanoparticles, structuring the polymer network and play a role
of additional crosslinking agent.
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