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MICROBIAL EXOPOLYSACCHARIDE-BASED
HYDROGELS FOR BURN WOUND HEALING

This review examines innovative approaches to the treatment of burn injuries through the use of
microbial polysaccharides, highlighting their unique properties such as wound infection prevention,
moisture retention, and acceleration of tissue regeneration. The development of novel, natural-based
pharmaceutical formulations in a patient-friendly dosage form is necessitated by the complexity and high
cost of burn treatment, which, in severe cases, may result in fatal outcomes.

An analysis of the pharmaceutical market in Kazakhstan reveals a shortage of multifunctional anti-
burn drugs and a limited utilization of natural-origin active compounds (17.6% natural components,
82.4% synthetic components). Hydrogels, as a dosage form, offer notable advantages due to their unique
physicochemical properties. They maintain a moist wound environment, regulate the release of active
substances, ensure direct contact with the injured area, and act as a protective barrier against infection.

Microbial polysaccharides, owing to their ability to form three-dimensional network structures, are
particularly promising as a foundational material for hydrogels. A detailed examination of the com-
position and properties of hydrogels based on microbial polysaccharides underscores the potential of
biopolymeric compounds in the development of accessible and effective wound-healing formulations.
Special attention is given to pullulan, dextran, alginate, and hyaluronic acid, with a discussion on their
biomedical applications and potential for integration into polymeric composites with enhanced healing
and antimicrobial properties.

Key words: burn wound healing, microbial exopolysaccharide, hydrogels, pullulan, dextran, algi-
nate, hyaluronic acid.
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KyiikTepai emaeyre apHaAFaH MUKPOOTBIK,
NOAMCaxXapUATEP Heri3iHAEri rmaporeabaep

OcCbl LIOAYAA MUKPOOTLIK, MOAMCAXaPUATEPAIH Oiperein KacMeTTepiH namMaAaAaHa OTbIPbIn, KyMiK
>KapakaTTapblH eMAEYAiH WMHHOBaUMSIAbIK, TOCIAAEPI KapacTbipbiAaAbl. ByA KacueTTepre >apaHbiH,
MHMEKUMAAAHYbIH GOAABIPMAY, OHbIH bIAFAAAAHYbIH CaKTay >KOHE pereHepaLms NpoLeCTePiH )KEACAAETY
Kataabl. [aumeHTTep YiiH KOAaMAbl ASPIAIK hopMaaarbl TaOWMFK HEri3aeri XaHa npenapartapAbl
acay KyMiKTEPAI eMAeYy YAEPICiHIH KYPAEAIAIrT MeH >XoFapbl KyHblHa GalAaHbICTbl, OATKEHI aybIp
>KaraanAapaa GyA eAiMre akeayi MyMKiH.

KasakcTaHHbIH  (bapMaLEeBTMKaAbIK,  HapbIFbIH  TaAAay  KOmnYHKUMOHAAAbl  KYMiKKe Kapchbl
npenapaTTapAblH >KeTiCNeyLWiAiriH XXeHe TabuFu Herizaeri 6eACEHAT KOCbIAbICTAPAbIH, TOMEH Maibl3blH
kepceTTi (17,6% — Taburn KOMMOHeHTTep, 82,4% — CUMHTETUKAAbIK, KOMINOHEHTTEP). [MaporeAbaep
ABPIAIK hopMa peTiHAE KOAAAHYFA bIHFAMAbI XXoHe epeKile (PU3NKa-XMMUSIAbIK KacneTTepre ue. Oaap
>KapaHblH, aiHAAACbIHAA bIAFAAABI OpTa CakTayFa, 6EACEHAI 3aTTapAblH OOAIHYIH peTTeyre XXoHe oAapAbl
3aKbIMAAAFAH alMakmeH TikeAeil 6alAaHbICTbIpyFa, MHMEKUMS KO3AEpPiHEeH KOPFaHbIC TOCKAYbIAbIH
»acayra KabiaeTTi.

MUKpPOOBTHIK, MOAMCaXapUATEP YL OALIEMAiI TOPAbl KYPbIAbIMAAP TY3€ aAaAbl, COHAbIKTaH OAap
rMAPOreAbAEep YLIiH NepcrnekTUBTI Heri3 GOAbIN TabblAaAbl. MUKPOOTLIK, MOAMCAXaPUATED HEri3iHAe
>KaCaAFaH IMAPOTeAbAEPAIH Kypambl MeH KacueTTepiH 3epTTey OGMOMOAMMEPAIK KOCbIAbICTapAbIH
KOAXKETIMAI 8pi TMIMAI ABPIAIK hopMarapabl 83ipAeyre aAeyeTTi ekeHiH KepceTeai. byAa woayaa
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AQH, AEKCTPaH, aAbrMHAT XXOHE TMaAYPOH KbILLUKbIAbIHA epeKLie Ha3ap ayAapblAbil, OAAPAbIH, Grome-
AMUMHAABIK, KOAAAHY MYMKIHAIKTEPI MEH >KapaHbl »KasaTblH »KeHe MMKpobKa Kapcbl Kacuertepi Gap
MOAMMEPAIK KOMMO3MUMSIAQP >Kacay XKOAAAPbI TAAKbIAQHADI.

Ty#in ce3aep: KyMikTi eMAey, MUKPOOBTbIK 5K30MOAMCAXapUATED, TMAPOreAbAEP, MYAAYAQH, AEKCT-
paH, aAbIMHAT, TMAAYPOH KbILLKbIAbI.
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MaporeAm Ha 0CHOBe MMKPOOHBIX MOAMCAXapUAOB
AASl A@YEHUSl 0XKOToB

B AaHHOM 0030pe paccMaTpMBalOTC MHHOBALIMOHHbIE MOAXOAbBI K A@YEHMIO OXKOTOBbIX TPaBM C
MCMOAb30BaHMEM MOAMCAXaPUAOB MMKPOOHOTO MPOUCXOXKAEHMS 3a CYUET MX YHUKAAbHbIX CBOWCTB:
npeAoTBpaLleHre MHPULIMPOBAHMS paHbl, €€ YBAA>KHEHME W YCKOPEHUe MpoLLeCcCoB pereHepaumnu. Pas-
paboTKa M CO3AaHME HOBbIX MPEnapaToB Ha MPUPOAHON OCHOBE B YAOOHON AAS MALMEHTOB AeKap-
cTBeHHoM (hopme 06YCAOBAEHO CAOXHOCTbIO M 3aTPATHOCTbIO MPOLECCOB AEYEHMUs 0XKOroB, Crocob-
HbIX MPUBECTU K AETAAbHOMY UCXOAY.

AHaAm3 bapmalieBTMYeCcKoro pbiHka KazaxcraHa mokas3aA HeAOCTAaTOK MHOroyHKLMOHAAbHbIX
NMPOTMBOO>KOrOBbIX MPernapaToB 1 HU3KUI MPOLLEHT MCMOAb30BAHMS aKTUBHbIX COEAMHEHWIA Ha MPUPOA-
HOW ocHoBe (17,6% — NpuUpoAHble KOMIMOHEHTbI, 82,4% — CUHTeTMYeCcKMe KOMIMOHEeHTbI). [maporean,
KakK AeKapCTBeHHast (hopma, SIBASIOTCS YAOOHbBIMM B MPUMEHEHUN 1 0BAAAAIOT YHUKAAbHLIMU (PU3UKO-
XMMUYECKMMI CBOMCTBaMU. OHM CMOCOOHbI COXPAHATb BAAXKHYIO CPEAY BOKPYT paHbl, KOHTPOAMPOBATh
BbICBOOOXKAEHME aKTMBHbIX BELLECTB M 06eCrneumBaTb MX KOHTAKT C TPABMUMPOBAHHOM 30HOI, CO3Aa-
BaTb 6apbep AAS MCTOYHMKOB MHMULIMPOBAHMS pPaHbl.

CrnocoBHOCTb MMKPOOHbIX MOAMCAXapMAOB K 00Pa30BaHMIO TPEXMEPHBIX CETYATbIX CTPYKTYP Ae-
AQeT MX MepcrieKTMBHbIMW areHTamm B KaueCTBe OCHOBbI AASI TMAporeAent. ccaepaoBaHme cocTaBa M
CBOWMCTB TMAPOreAeil Ha OCHOBE MMKPOOHBIX MOAMCAXapUAOB AEMOHCTPUPYET MoTeHUMaA GMOMOAK-
MEPHbIX COEAMHEHMIN AAS CO3AAHUS AOCTYTHbIX M 3(P(EKTUBHBIX AeKapCTBeHHbIX hopm. Ocoboe BHU-
MaHue BbIAO YAEAEHO MYAAYAAHY, AEKCTPaHY, aAbIMHATY U TMAAyPOHOBOM KMCAOTE. BbiAM 06CYy>KAEHbI
NepCrnekTUBbl UX MPUMEHEHNUS B OMOMEAMLIMHE U BO3MOXKHOCTM CO3AAHMS MOAUMEPHbIX KOMMO3UTOB C
3AKMBASHOLLMMM U MPOTMBOMUKPOOHBIMU CBOMCTBAMM.

KAroueBble croBa: AeueHre 0O>KOros, MVIKpO6HbIe 3K30MOAMCaXapnAbl, TMAPOreAn, MyAAyAaH, AeK-

CTpaH, aAbIr'MHaT, TMaAypOHOBad KMCAOTa

Introduction

Burn injuries are severe and common types of
injuries and their treatment remains quite complex
and costly. According to WHO data from 2018,
burn injuries pose a significant threat and are one of
the causes of fatal cases [1]. The consequences of
even small in depth and area burns can lead to func-
tional disorders, affect the quality of life and social
adaptation of victims. One of the modern trends in
the treatment of burns is the use of microbial poly-
mers, the main advantages of which are stability,
non-toxicity, biocompatibility and repeatability [2].

Rapid and timely restoration of the skin for the
treatment of burn injuries is one of the primary ob-
jectives of modern combustiology. Substances of
natural origin are currently attracting great interest
among researchers and clinicians, as some polymer-
ic substances can be used in regenerative medicine
to stimulate reparative processes [3].

Hydrogels are colloidal materials that play a sig-
nificant role in the healing process of burn wounds,
skin ulcers and pressure sores, and can provide relief
to the patient. The unique properties of wound cool-
ing and pain reduction inherent in gel bandages. Hy-
drogel dressings based on microbial polysaccharides
have the following advantages for damaged areas of
the body: mechanical strength along with elasticity
and softness, preventing excessive fluid loss, barrier
to bacterial penetration, ensuring oxygen penetra-
tion to the wound, transparency, which allows to see
the wound, lack of difficulties in treating the wound
with additional drugs, hypoallergenic, anesthesia
and stimulation of regeneration, tight fit to the skin
area without sticking, sterility and ease of use [4].

The investigation of natural polysaccharides as
hydrogels is compelling because of their abundance
in nature, enhanced biocompatibility and biodegrad-
ability. In addition, the various active hydroxyl, car-
boxyl and amino groups present in monosaccharide
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units provide opportunities for derivatisation [5, 6].
This facilitates a variety of crosslinking processes
to form hydrogels and imparts unique characteris-
tics that allow interaction with living organisms [7,
8, 9]. Polysaccharide-based hydrogels can maintain
localised concentrations of bioactive substances
over long periods of time through suitable release
mechanisms including diffusion, swelling, chemical
factors and control of certain environmental stimuli.
This ensures precise and controlled release of drugs
or nutrients, emphasising the inherent advantages of
polysaccharide-based hydrogels as carriers for en-
capsulation of such substances [10, 11]. Moreover,
polysaccharide-based hydrogels exhibit impressive
mechanical properties and biological activity, mak-
ing them effective for cell culture and tissue regen-
eration [12]. As research on polysaccharide-based
hydrogels derived from natural sources continues,
their exceptional biological activity is increasingly
recognised in the scientific community [13].

Analysing the pharmaceutical market in Ka-
zakhstan

In the State Pharmacopoeia of the Republic of
Kazakhstan, the register of the National Centre for
Drug Expertise and the Kazakhstan National Drug
Formulary, burn drugs are not identified as a sepa-
rate category due to the wide variety of mechanisms
of action, which include cooling, wound healing,
antiseptic and analgesic effects. In the Kazakhstan
National Drug Formulary, burn drugs can be found
in three categories of medicines: preparations for the
treatment of wounds and ulcers (preparations pro-
moting tissue regeneration are included), antibiotics
and chemotherapeutic preparations for dermatologi-
cal use (preparations with antibacterial and antisep-
tic effects for burns are included), preparations for

local treatment of joint and muscle pain (gels and
ointments with cooling effect are included, which
are also indicated for burn injuries) [14].

According to the State Pharmacopoeia of the
Republic of Kazakhstan, the active ingredients of
soft medicines are intended to have a protective or
emollient effect. They should have transdermal or
topical effect and be homogeneous. The bases of
topical preparations may be single- or multiphase
and consist of natural or synthetic components. Only
sterile preparations are intended for use on severely
damaged skin or open wounds [15].

Soft medicines include: patches, creams, pastes,
ointments or gels. Plasters are designed to be ap-
plied to the wound and keep the active ingredient in
contact with the skin. Creams are multiphase prepa-
rations consisting of two phases: aqueous and lipo-
philic. Pastes contain solid components in significant
quantities dispersed in the base. Ointments, unlike
creams, include a single-phase base. Ointments are
divided into hydrophobic (with a small amount of
water), water emulsion (with a large amount of wa-
ter and emulsifiers) and hydrophilic (with a water-
miscible base). Gels are liquids with the addition
of gelling agents. The base of lipophilic gels often
consists of fatty oils or paraffin, while the base of
hydrophilic gels includes propylene glycol, glycerin
or water. Silicates, carbomers, cellulose derivatives
or starch are commonly used as gelators [15].

In the register of the ‘National Centre for Exper-
tise of Medicines and Medical Devices’ of Kazakh-
stan, 98 trade names of medicines are classified as
‘gel’, of which 8 are wound-healing. The pharma-
ceutical form ‘ointment’ includes 136 trade names
of medicinal products, of which 9 are wound heal-
ing (Table 1). In the category ‘Medicinal products
of biological origin’ no anti-burn or wound-healing
medicinal products are displayed [16].

Table 1 — Description of medicinal products with wound healing effect according to the register of the National Centre for Expertise

of Medicines and Medical Devices

Trade name of the Dosage
anti-burn/wound- forn% Active compound Pharmacological action
healing drug
D ini ial fi he bl . .
Solcoseryl Gel eproteinized dia ysa.te rom the blood Acceleration of cellular regeneration processes
of healthy dairy calves
Contractubex Gel Sodium heparin, allantoin, onion Anti-inflammatory, ke.ratolytic, antithrombic
extract action
Contubel Gel Sodium heparin, allantoin, onion Anti-inflammatory, ke.ratolytlc, antithrombic
extract action
Fenistil Gel Dimetindene maleate Local anesthetic effect
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Continuation of the table

Tra.de name of the Dosage ) . .
anti-burn/wound- Active compound Pharmacological action
healing drug form
Curiosin Gel Zinc hyaluronate Angiogenesis, accumulation of collagen fibers
Cholisal Gel Choline salicylate Local analgesic and anti-inflammatory effect
Dekstanol Gel Dexketoprofen trometamol Anti-inflammatory effect
Korneregel Gel Dexpanthenol Increased fibroblast proliferation
Deflamol Ointment Vitamins A and D Tonic effect on the epithelium
Levomekol Ointment Methyluracil Anti-inflammatory and antimicrobial effects
Vegaderm Ointment Betametillaost(; ?Iflfzigf:pionate, Anti-inflammatory, antimicrobial action
Methyluracil Ointment Methyluracil Acceleration of cellular regeneration processes
Bepanthen Ointment Dexpanthenol Acceleration of cellular regeneration processes
Sulphargin Ointment Silver sulfadiazine Antimicrobial action
Zinc ointment Ointment Zinc oxide Anti-inflammatory and antiseptic effect
Apiphyt Ointment Polyphyte oil «Kyzyl Mai» Anti-inﬂammat(;g;lz;cl:ilfe;sfifce,c?;ltimicrobial and
Streptocid ointment Ointment Sulfanilamide Antimicrobial action

The active substances of preparations indicat-

amide, silver sulphadiazine, dioxomethyltetrahy-

ed for burn injuries (from the categories of wound
healing, antimicrobial and cooling agents) are silver
sulfathiazole, zinc bacitracin, zinc hyaluronate, zinc
oxide, dexapanthenol, vaseline, furacilin, sulphon-

dropyrimidine (methyluracil), gentamicin sulphate,
choline salicylate, allantoin, sodium heparin, dime-
thindene, mupirocin, dexketoprofen or refined resin
(Figure 1).

= Natural compounds

= Synthetic compounds

= Synthetic analogues of natural compounds

Figure 1 — Types of active ingredients of anti-burn ointments by origin
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Of the listed active compounds, 17.6% are natu-
ral components, 47.1% are exclusively synthetic,
and the remaining part was originally of natural
origin but is currently synthesised artificially in the
pharmaceutical industry [17].

The pharmacological actions of the listed active
compounds include acceleration of regeneration,
bacteriostatic action, anti-inflammatory action, rap-
id skin absorption, softening and moisturising and
normalisation of tissue blood supply through recep-
tor irritation [16].

Due to the fact that most of the used active sub-
stances of wound-healing ointments and gels are not
natural components, makes it promising to create
new drugs on a natural basis.

Polymeric materials are already used in medi-
cine as medical devices that promote wound heal-
ing. Thus polymers act as an alternative to suture
materials due to their adhesive properties, ability to
isolate the wound, hold its edges and prevent bleed-
ing. Polysaccharide polymers (hyaluronic acid, al-
ginate, chitosan and dextrin) are also used to create
wound dressings. Their natural origin and biocom-
patibility prevent inflammatory reactions, some of
them (chitosan) have antimicrobial activity [18].

Hydrogels in the treatment of burn wounds

Important factors during the burn healing period
are the maintenance of a moist environment and the
bacterial barrier, as the injured skin loses its defence
function [19]. Infected skin does not pass through
the healing stage in time due to high bacterial load,
which favours the transition of the wound into a
chronic form [20]. Preventing infections allows the
wound to heal faster, as infectious agents can im-
pede healing and increase treatment time and costs
[21]. Topical treatment reduces the infectious load
without interfering with the body’s internal mecha-
nisms [20].

Internal body functions such as haemostasis,
angiogenesis, and collagen production play a ma-
jor role in the healing process of traumatised skin.
Therefore, it is necessary to create an environment
that supports recovery. Hydrogels, due to their high
water content, slow moisture loss and biocompat-
ibility, serve as an optimal way to provide an envi-
ronment favourable for recovery [22].

Equally important in the healing process to
maintain the environment around the wound surface
is pH, both intracellular and extracellular. Accord-
ingly, the acidity of wound healing preparations
should not be lower than 4 and not higher than 6.
This is the pH of intact skin; after injury, the pH be-
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comes more alkaline, favouring the active develop-
ment of bacteria on the wound surface [23].

Hydrogels are currently of particular interest
in the treatment of burns. Their three-dimensional
structure with its unique properties and layering
ability is an optimal method of combating bacterial
colonisation. Hydrogels maintain a moist environ-
ment for traumatised skin, the dryness of which is
a consequence of burns. Additional compounds
ranging from small molecules to polymers to large
particles can be incorporated into hydrogels to im-
prove their wound healing properties or to add new
properties that promote repair and rapid delivery of
bioactive compounds to the wound [24]. Accord-
ingly, functionality lends itself to pre-design. The
mechanical properties of hydrogels allow them to
be compatible with biological tissues. They leave
the wound moist and, if a dressing is required, if
it is replaced in time, the wound will not be re-in-
jured with damage to the newly formed epithelium
sticking to the bandage due to drying. Hydrogels
are biodegradable, their porous structure resembles
the structure of the extracellular matrix, which
does not prevent cell migration into the injured
skin area [25].

Due to the necessary level of acidity, oxygen,
moisture and antimicrobial properties (polysaccha-
rides themselves or active components included in
the hydrogel on a polysaccharide matrix), the heal-
ing process of burn wounds is accelerated. And the
dosage form in the form of hydrogel will keep the
wound sufficiently hydrated [26, 27].

The widespread use of antibiotics has already
led to drug resistance, making it impossible to use
them to create wound healing ointments with bacte-
riostatic action. The addition of chemically synthe-
sised antimicrobials to wound dressings entails cy-
totoxic effects, which prolongs the healing process.
Consequently, there is a growing need for natural
products [28].

A wide variety of polysaccharide materials, in-
cluding sodium alginate, chitosan, hyaluronic acid,
chondroitin sulfate and carrageenan, have now been
found to have extensive and important applications
in tissue engineering [29]. Among natural polysac-
charides, polysaccharides produced by microorgan-
isms hold particular promise.

Currently, microbial exopolysaccharides find
wide application in various industries from food
production (emulsifiers, thickeners, gelling agents)
to medicine (healing agents) [30, 31, 32]. Their high
hydrophilicity, presence of functional groups and
flexible polymer chain structure account for their
adsorption properties [33, 34].
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Microbial polysaccharides are renewable, bio-
compatible and biodegradable polymers that are
competitive with polysaccharides of plant and ani-
mal origin due to rapid accumulation, non-necessity
of arable land and ease of isolation and purification
[35, 36]. Creating a blend of microbial polysac-
charides with natural polymers (gelatin+pullulan,
chitosan+pullulan) leads to synergistic [35]. The
production of polysaccharides with biological activ-
ity is simple and cheap, which allows their wide-
spread use.

Since polysaccharides are constituents of the
extracellular matrix, hydrogels based on them can
mimic the same function for accelerated healing of
skin lesions [37].

Microbial polysaccharides as the main com-
ponents of anti-burn agents

Despite the wide application of microbial poly-
saccharides in various industries, only a few of
them are used in medicine. In this review, the mi-
crobial polysaccharides that fulfil the requirements
for wound healing hydrogels are: pullulan, dextran,
alginate and hyaluronic acid [38].

Pullulan, a microbial polysaccharide with
unique physicochemical properties is of interest in
pharmacy and biomedicine [39, 40]. Pullulan has
antitumour properties as confirmed by the studies of
Hossam E. Emam et al, where breast cancer cell cul-
ture was exposed to Pullulan-based carbon quantum
dots for 48 hours. The viability of tumour cells was
checked by adding WST-1 (Water-Soluble Tetrazo-
lium-1) reagent. This method is based on the ability
of living cell lines to reduce tetrazolium salt by mi-
tochondrial dehydrogenases to a stained formazan
product. The result of the study was a reduction in

Table 2 — Properties of Pullulan-based wound healing preparations

cancer cell viability from 98.5% at a pullalan con-
centration of 10 pg/ml to 42.1% at a pullalan con-
centration of 100 pug/ml. It is assumed that pullulan
quantum dots also have an antiviral effect by stimu-
lating the production of interferons, which subse-
quently inhibit the development of viral diseases.
Studies have shown that the LD50 of a MERS-CoV
(coronavirus) viral culture was achieved at a pullu-
lan concentration of 4 mg/litre [41].

Due to the possibility of modifying the pullulan
molecule and creating derivatives, the polysaccha-
ride is able to possess additional properties such as
anticoagulant and anti-inflammatory [42]. For ex-
ample, Masoud Hamidi et al. synthesised a sulphated
pullulan derivative and subjected it to caogulometric
tests, which showed the ability of the derivative to
prolong the prothrombotic time by interacting with
positively charged amino acid residues of proteins
of the coagulation cascade with subsequent inhibi-
tion of their activity [36].

Microbial polysaccharides, in addition to having
active properties, are able to stabilise metal nanopar-
ticles (silver, gold, zinc, copper, etc.), thus preserv-
ing the ‘green’ concept of drug delivery to the body.
Pullulan based nanoparticles were tested by Ganduri
et al. by agar diffusion method for antibacterial ac-
tivity against Gram-positive (Staphylococcus aureus
and Bacillus subtilis) and Gram-negative (Serratia
marcescens and Escherichia coli). Pullulan silver
nanoparticles showed a pronounced antibacterial
effect against Bacillus subtilis and Staphylococcus
aureus, but all cultures had clear zones of inhibition
after 24-h incubation. The diameter of the zone of
inhibition was directly proportional to the dose of
nanoparticles added to the wells [43].

The wound healing properties of pullulan-based
dressings and hydrogels are summarised in Table 2.

Medicinal product Properties that promote wound healing Source
Wound dressings based on pullulan and chitosan Hemostatic, antibacterial [44]
Hydrogel based on pectin and carboxymethylpullulan Antimicrobial, highly efficient release of the active [45]
with addition of polyvinylpyrrolidone (povidine)-iodine. ingredient from the hydrogel matrix
Hydrogel based on pullulan and collagen Accelerated wound healing in a mouse model, reduced [46]
scarring

Pullulan and gelatin based hydrogel Anti-inflammatory, angiogenesis-stimulating [47]

Sponge dressings based on succinyl pullulan and Maintenance of moist environment, stimulation of
. . . [48]

carboxymethyl chitosan fibroblast proliferation
Antioxidant, energetic (energy source for fibroblasts),
Pullulan hydrogel without additional agents hygroscopic (dehydration of bacteria and wound fluid), [49]
oxygenation of cells
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The above conclusions based on pullulan stud-
ies allow us to recognise microbial polysaccharides
as universal compounds for use in medicine for the
treatment of burn injuries.

Dextran is an electrically neutral polymer syn-
thesised by bacteria and capable of binding water
[50]. Its molecule consists of a-1,6-linked glucose
monomers and branched o-1,3 chains, which allows
the molecule to exhibit the properties of biocompat-
ibility and biodegradability. The ability of the hy-
droxyl groups of dextran to partially oxidise to al-
dehyde groups affects its adhesive properties. The
oxidised dextran by Schiff base reaction cross-links
with amino groups of skin tissues, spreading even
on uneven skin surface with defects, thus allowing
local controlled release of additional active com-
pounds and promoting wound healing without no-
ticeable scarring [51]. The adhesive prevents wound
infection as it inhibits the ability of bacteria to pen-
etrate deep into the wound tissue [52].

As the wound healing process requires innova-
tive materials that mimic natural tissue and maintain
a moist environment around the wound, the hydro-
gel dosage form is becoming an interesting formula-
tion to study. However, conventional hydrogels lack
mechanical strength, antimicrobial activity and con-
trolled release of active ingredients [53]. The effica-
cy of hydrogel dressings is enhanced by the addition
of dextran due to the strength, swelling and acceler-
ated degradation of the material [54]. Hydrophilic
polymers in dressings are able to absorb significant
amounts of exudate and are suitable for rehydration
of necrotised tissues [55].

Another interesting gel-forming natural poly-
saccharide is alginate. It can be produced not only
from the cell walls of algae, but also from bacterial
strains-producers such as Acetobacter and Pseudo-
monas [56].

It is recognised as a safe, biodegradable and bio-
compatible polymer, which, in addition to tissue en-
gineering and wound care, is used in the cosmetics
industry and in drug delivery systems. The polymer
fulfils the requirements for wound dressing materi-
als due to its high water absorption and porosity,
prolonged release of active compounds [57, 58]. To
create alginate-based pharmaceuticals, manufactur-
ers most often use silver ions as an additive com-
pound to treat wounds of moderate to severe exu-
dation to enhance the antibacterial effect (Coloplast
(Denmark), Hartmann (Germany)) [59].
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Hyaluronic acid is a non-protein compound
having repeating p-1,4-D-glucuronic acid and
B-1,3-N-acetylglucosamine links [60]. In addi-
tion to hyaluronic acid production by animal and
human organs and tissues, it is produced by mi-
croorganisms Streptococcus zooepidemicus, Esch-
erichia coli, and Bacillus subtilis [61]. Hyaluronic
acid, which is part of the extracellular matrix, has
biocompatibility, moisture retention properties,
hygroscopicity and viscoelasticity. It is therefore
involved in various cellular processes: cell prolif-
eration and differentiation, joint lubrication and
hydration balance. A clinical study by Juhasz 1
showed that in 93.3% of 60 patients, the size of
a thermal wound decreased by 50% within 5 days
of topical application of hyaluronic acid with zinc
supplementation [62]. In other experimental stud-
ies, the application of hyaluronic acid demonstrat-
ed accelerated wound healing, improved microvas-
cular elasticity, and moisture retention, creating a
favourable environment for collagen and elastin
synthesis [63].

Conclusion

This review presents the prospects for the use of
microbial polysaccharides in the treatment of burn
wounds. Analyses have shown that microbial poly-
saccharides such as pullulan, dextran, alginate and
hyaluronic acid have high hydrophilicity, biocom-
patibility and antimicrobial properties. Their abil-
ity to inhibit infection, provide accelerated wound
healing and support optimal moisture levels makes
microbial polysaccharides promising components
for the development of anti-burn hydrogels. This
dosage form can reduce the risk of scarring and al-
leviate the patient’s condition. The possibility of
incorporation of additional components into poly-
meric matrices makes polysaccharides universal
carriers of active compounds for their delivery and
timely release.

Despite their significant potential, large-scale
introduction of microbial polysaccharides into
medical practice requires additional research: opti-
misation of production methods and detailed study
of interaction with living tissues. Research in this
direction can contribute to the development of af-
fordable and effective wound healing agents, which
is relevant in the context of increasing resistance of
microorganisms in the modern world.
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