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ABSTRACT

Introduction: Materials for modern wound-management are a
very broad and heterogeneous group. One of the most important
representatives is natural materials, or more precisely polysaccha-
rides isolated from various plants and animals. With the increasing
resistance of pathogens to established antimicrobial agents,
there is also an attempt to discover new mechanisms of the
effects of these materials. Gum karaya (GK) is a very promising
representative of the natural polysaccharides group and, since
it is obtained from Sterculia urens as resin, it is also possible to
assume its certain antimicrobial activity.

Material and methodology: The antimicrobial potential of GK
and chitosan (Ch) has been tested on several preselected strains
to match the real epidemiological situation of the agents of
infectious complications in the field of burned wounds. Tested
strains included representatives of gram-positive and gram-ne-
gative bacteria as well as selected yeasts. Methicillin susceptible
Staphylococcus aureus CCM 4223 (ATCC 29213), methicillin
resistant Staphylococcus aureus CCM 4750 (ATCC 43300),
Klebsiella pneumoniae CCM 4985 (ATCC 700603), Candida al-
bicans CCM 8261 (ATCC 90028), Pseudomonas aeruginosa CCM
3955 (ATCC 27853) were obtained from the Czech Collection of
Microorganisms. Pseudomonas aeruginosa FF 1, Pseudomonas
aeruginosa FF 2 and Pseudomonas aeruginosa FF 3 (all multi-
-resistant clinical strains), Staphylococcus epidermidis A 013,
Staphylococcus epidermidis A 117, and Candida parapsilosis BC
11 were obtained from the Collection of Microorganisms at the
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Uvod: Materidly pro moderni wound-management dnes predsta-
vuji velmi Sirokou a heterogenni skupinu. Jednim z nejvyznam-
néjsich predstaviteld této skupiny jsou prirodni materialy, nebo
presnéji polysacharidy izolované z rliznych rostlin a Zivocicht. Pri
narUstajici rezistenci patogent k zavedenym antimikrobidlnim
latkam je zaroven snaha o objevovani novych mechanismé Gcinku
téchto materiall. Gum karaya (GK) predstavuje velmi nadéjného
zastupce skupiny prirodnich polysacharidd, a protoze je ziskavana
ze stromu Sterculia urens jako pryskyrice, da se predpokladat také
jeji urcita antimikrobidlni aktivita.

Material a metodika: AntimikrobidIni potencial GK jsme testovali
na nékolika predem vybranych kmenech tak, aby korespondovaly
s redlnou epidemiologickou situaci pdvodcl infekénich kompli-
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St. Anne’s University Hospital, Brno. Antimicrobial tests were
performed using the disk diffusion test methodology.

Another set of antimicrobial tests was obtained by measuring
the growth curves.

Results: Bacteriostatic activity testing showed 1% GK concen-
tration and both 1% and 0.5% chitosan concentration effective
against all pathogens tested. The combination of GKSQ/Ch50 in
concentrations of 1% and 0.5% had similar or better effect. Lower
concentrations of the combined material are poorly effective
against tested strains. Bactericidal activity testing has not produ-
ced positive results, except for Candida spp., where only a partial
effect of GKSO/Ch50 was observed at 1% concentration.

In the growth curve test, the efficiency of both GK alone and
chitosan was found to be significantly higher in gram-positive
bacteria compared to gram-negative ones. In the case of this
experiment, only a one-tenth concentration was used compared
to the disk diffusion test concentration. This results correspond
with the data from the bacteriostatic activity testing.
Conclusion: This is the first publication that attempts to com-
prehensively define the potential for GK antimicrobial activity
and also the possible potentiation of this activity with the use
of chitosan. Further experiments are needed to extend the anti-
microbial efficiency to gram-negative bacteria.
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kaci v oblasti oSetfovani popalenin. Mezi testovanymi kmeny
byli zastupci jak grampozivitniho i gramnegativniho spektra
bakterii, tak kvasinky. Meticillin citlivy Staphylococcus aureus
CCM 4223 (ATCC 29213), meticillin rezistentni Staphylococcus
aureus CCM 4750 (ATCC 43300), Klebsiella pneumoniae CCM
4985 (ATCC 700603), Candida albicans CCM 8261 (ATCC 90028),
Pseudomonas aeruginosa CCM 3955 (ATCC 27853) byly ziskany
z Ceské kolekce mikroorganismél. Pseudomonas aeruginosa FF
1, Pseudomonas aeruginosa FF 2 a Pseudomonas aeruginosa FF
3 (vSechny multirezistentni kmeny) byly ziskany z kolekce mik-
roorganismU Fakultni nemocnice u svaté Anny. Antimikrobidlni
testovani bylo provedeno pomoci diskového difuzniho testu. Dalsi
sada antimikrobidlnich testl byla provedena za pomoci méreni
rlstovych krivek.

Vysledky: V rdmci testovani bakteriostatické aktivity se ukazala
1% koncentrace GK a také 1% a 0,5% koncentrace chitosanu (Ch)
jako efektivni vici véem testovanym patogentim. Podobnou
efektivitu si ddle uchovala i kombinace GKSO/ChSO v koncentraci



1% a 0,5%. Nizsi koncentrace kombinovaného materialu byly
pouze velmi slabé efektivni vici testovanym kmenlm Candlida
albicans. Testovani baktericidni aktivity ovsem nepfineslo pozitivni
vysledky, mimo kandid, u kterych byl zaznamenan pouze ¢astecny
efekt GK,./Ch,, pfi 1% koncentraci.

Testovani pomoci rlstovych kiivek se ukazalo, Ze efektivita jak
samotné GK, tak také chitosanu byla vyrazné vyssi u gram-
pozitivnich bakterii v porovnani s bakteriemi gramnegativnimi.
V pripadé tohoto experimentu byla pouzita pouze desetinova
koncentrace v porovnani s koncentraci u diskového difuzniho
testu. Tyto vysledky koresponduji s daty ziskanymi pfi testovani
bakteriostatické aktivity.

INTRODUCTION

Today’s modern times are a great challenge for the
advanced application of biopolymer materials in the cli-
nical medicine field. The demand for new technological
solutions is increasing along with higher demands on
treatment quality. The vision of current clinical prac-
tice in the treatment of chronic skin defects and acute
wounds caused by high energy, such as mechanical
trauma or burn trauma, is not only a matter of patien's
survival but also an improvement in the quality of their
life [1].

There are a number of natural polymers which are well
researched and improved (hyaluronic acid, cellulose,
starch, chitosan). On the other hand, there are poly-
saccharides that are not well researched because they
have only been discovered and described recently. Gum
Karaya (CK) is an example of not so well-known natu-
ral polysaccharide with a wide spectrum of utilisation
mainly as food supplement and recently as wound
healing coverings [2].

Surgical infection is a major player in delayed wound
healing and belongs among the most frequent com-
plications in daily clinical practice. In the modern
concept of wound healing, emphasis is now placed on
the maximum possible antiseptic efficiency across the
spectrum of potential pathogens, and not only from
bacterial representatives [3].

In this paper, results of invitro testing exhibit potential
antimicrobial effect of novel hydrogels based on natural
polysaccharide CK are presented.

Theoretical background

The present study is an attempt to prepare the no-
vel Gum Karaya-chitosan (GK-Ch) hydrogels (natural
component) based on polyvinyl alcohol (PVA) polymer
matrix (synthetic component) crosslinked by citric
acid (CA).

CK is a natural gum exudate of Sterculia urens, a tree
native to India and belongs to the Sterculiaceae family.
The wider applications of GK are due to its unique
features such as high swelling and water retention
capacity, high viscosity properties, inherent nature
of anti-microbial activity, abundant availability and
lower price [4]. It is also evidenced from literature
that GK was used as a laxative due to its high swell-
ing ability and formation of discontinuous mucilage.
CK has found many applications in pharmaceutical
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Zavér: Jedna se o prvni publikaci, kterd se pokousi komplexné
definovat potencial v antimikrobidlni aktivité GK a také mozné
potenciace této aktivity pomoci chitosanu. V oblasti gramnega-
tivniho spektra je ovsem potieba dalsich experimentd zejména
s vy$si koncentraci GK.

KLICOVA SLOVA
Guma karaya - hydrogel - antimikrobialni aktivita -
hojeni ran - popaleniny
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formulations such as tablets, emulsions, ointments
or any other sustained released or controlled released
formulations [5].

The chemical composition of GK (Sterculia gum) varies
a little between the exploited tree species. The gum is
calcium and magnesium salt, with a central chain of
D-galactose, L-thamnose and D-galacturonic acid units
with some side chains containing D-glucuronic acid. It
contains uronic acid residues and acetyl groups. Due to
the presence of these acetyl groups, natural GK is insol-
uble and only swells. The solubility of GK increased after
alkali treatment due to the elimination of acetyl groups,
when multivalent ions (Ca?*, Mg?) were exchanged by
monovalent ions (Na*, K*) [2].

Chitosan is a cationic heteropolysaccharide and is ob-
tained by alkaline deacetylation of chitin. Chitosan
is a copolymer of N-acetyl-D-glucosamine and
D-glucosamine consisting of linear B-1,4-linked units.
Both the content and sequence of these units will de-
termine the physico-chemical and biological properties
of the polymer [6].

Our initial in vitro tests demonstrated absolute cell
non-toxicity of GK on mouse 3T3 fibroblasts and very
low material adhesion to newly created neoepithel
(Figure 1).

ANTIMICROBIAL ACTIVITY TESTING

Strains, media and antimicrobial substances
Methicillin susceptible Staphylococcus aureus CCM 4223
(ATCC 29213), methicillin resistant Staphylococcus aureus
CCM 4750 (ATCC 43300), Klebsiella pneumoniae CCM 4985
(ATCC700603), Candida albicans CCM 8261 (ATCC 90028),
Pseudomonas aeruginosa CCM 3955 (ATCC 27853) were ob-
tained from the Czech Collection of Microorganisms.
Pseudomonas aeruginosa FF 1, Pseudomonas aeruginosa FF 2 and
Pseudomonas aeruginosa FF 3 (all multi-resistant clinical
strains), Staphylococcus epidermidis A 013, Staphylococcus epi-
dermidis A 117, and Candida parapsilosis BC 11 were obtained
from the Collection of Microorganisms at St. Anne’s
University Hospital, Brno.

Blood agar was prepared from Columbia blood agar base
(Oxoid, UK) and 5% v/v sterile defibrinated sheep blood
and used for disk diffusion tests. Brain Heart Infusion
(Oxoid, UK) was used for growth curves measurement.
Normal saline was used to dilute bacterial inoculum and
antimicrobial substances.
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Gum Karaya (commercial grade) deacetylated according
to [7] and low viscosity chitosan (degree of deacetylation
>75%) were purchased from Sigma-Aldrich. Deacetylated
GK (1% w/v), chitosan (1% w/v) and mixture CK,,/Ch,, (1%
+ 1% w/v) were tested for their antimicrobial proper-
ties. GK (1% w/v) and chitosan (1% w/v) were prepared
by diluting the original GK (2% w/v in 0.1 M HCI) and
chitosan 2% w/v in 0.1 M HCl) samples with saline. A
concentration gradient of antimicrobial substances was
obtained by the serial dilution with saline. The final
concentration gradient used: 1%, 0.5%, 0.25%, 0.125%
and 0.0625% (all samples % w/v). Saline was used as a
growth control.

Disk diffusion tests

Antimicrobial test were performed using disk diffusion
test methodology. Briefly, a bacterial inoculum was
prepared in saline to the density of a McFarland 0.5 tur-
bidity standard from overnight culture on blood agar.
Blood agar plates were inoculated with the bacterial
inoculum by swabbing.

When bacteriostatic activity was tested, a 10 pl drop of
the antimicrobial substance was placed on the blood

Table 1. Bacteriostatic activity results using the disk diffusion test

agar surface 15 minutes after inoculation and then
the plates were placed in a temperature of 37 °C for
24 hours. When bactericidal activity had been tested,
the inoculated blood agar plates were first placed in
a temperature of 37 °C for 24 hours. Then a 10 pl drop
of antimicrobial substance was placed on the surface
and the plates were placed in a temperature of 37 °C for
a further 24 hours.

The samples were evaluated on a scale of 0 to 3 (0 for
total inhibition, no colonies inside the inhibition zone;
1 for substantial inhibition, < 10 colonies inside the
inhibition zone; 2 for weak inhibition, > 10 colonies
inside the inhibition zone; 3 for no visible inhibition
zone).

Growth curves

Another set of antimicrobial tests were obtained by
measuring growth curves at OD600 nm. Briefly, a
bacterial inoculum was prepared in saline to the den-
sity of a McFarland 0.5 turbidity standard from over-
night culture on blood agar. Working inoculum was
prepared by diluting bacterial inoculum ten times in
brain heart infusion (Oxoid, UK). 90 ul of the working

i-;';g i;ég E;:: CAAL 8261 PSAEFF1 PSAEFF2 PSAEFF3 ;g';:
GK (1%) 1 0 0 1 0 0 0 0
GK (0.5 %) 2 2 2 2 1 1 1 1
GK (0.25 %) 3 3 3 3 3 3 3 3
GK (0.125 %) 3 3 3 3 3 3 3 3
GK (0.0625 %) 3 3 3 3 3 3 3 3
Growth control 3 3 3 3 3 3 3 3
Ch (1%) 0 0 1 0 0 0 1 0
Ch (0.5 %) 0 1 1 0 1 1 2 1
Ch (0.25 %) 1 1 2 1 2 2 2 2
Ch (0.125 %) 2 2 3 2 3 3 3 3
Ch (0.0625 %) 2 3 3 2 3 3 3 3
Growth control 3 3 3 3 3 3 3 3
GK/Ch (1%) 0 0 1 0 0 0 0 0
GK/Ch (0.5 %) 0 0 1 0 0 0 1 0
GK/Ch (0.25 %) 1 1 2 0 1 1 1 1
GK/Ch (0.125 %) 2 2 3 1 2 2 2 1
GK/Ch (0.0625 %) 3 3 3 2 3 2 3 2
Growth control 3 3 3 3 3 3 3 3

GK - Gum Karaya; Ch - chitosan; GK/Ch - Gum Karaya and chitosan mixture.

STAU 4223 - Staphylococcus aureus CCM 4223, STAU 4750 - Staphylococcus aureus CCM 4750, KLPN 4985 - Klebsiella pneumoniae

CCM 4985, CAAL 8261 - Candida albicans CCM 8261, PSAE 3955 - Pseudomonas aeruginosa CCM 3955, PSAE FF 1 - Pseudomonas aerugi-
nosa FF 1, PSAE FF 2 - Pseudomonas aeruginosa FF 2, PSAE FF 3 - Pseudomonas aeruginosa FF 3.

0 - total inhibition, no colonies inside the inhibition zone; 1 - substantial inhibition, <10 colonies inside the inhibition zone; 2 - weak inhibi-
tion, > 10 colonies inside the inhibition zone; 3 - no visible inhibition zone.
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inoculum and 10 pl of the antimicrobial substance
were pipetted into the 384-well plate with non-treated
surface (Nunc, Denmark) and sealed with a sealing
tape (Nunc, Denmark). Therefore, the concentration
gradient of the antimicrobial substance is ten times
lower than the one used in the disk diffusion test.
Then 20-hours cultivation at 37 °C with shaking took
place. Optical Density (OD) was measured every five
minutes at OD600 nm with Infinite® M200 PRO Reader
(Tecan, Switzerland). The samples were evaluated on
a scale of 0 to 3 (0 for total inhibition, i.e. no changes
in optical density; 1 for substantial inhibition, i.e.
optical density rises after 12 hours or more; 2 for weak
inhibition, i.e. optical density rises more than two
hours later than the control samples; 3 for no visible
inhibition, i.e. optical density corresponds with the
control samples).

All tests were performed at least three times in triplicate.

PUVODNI PRACE

RESULTS

Antimicrobial activity of GK, chitosan and GK/Ch

The bacteriostatic activity results using the disk diffu-
sion test are summarised in Table 1. CK at 1% concentra-
tion completely or substantially inhibited the growth of
all tested microbial strains. GK at 0.5% concentration
substantially or weakly inhibited the growth of all test-
ed microbial strains. Lower CK concentrations failed to
inhibit the growth. Chitosanat1 % and 0.5 % concentra-
tions completely or substantially inhibited the growth of
all tested microbial strains. Chitosan at 0.25% substan-
tially or weakly inhibited the growth of all tested micro-
bial strains. Lower chitosan concentrations did not inhi-
bit growth, except from staphylococcal and candida
strains, which showed weak growth inhibition. GK,,/
Ch,, mixture at 1% and 0.5% concentration completely
or substantially inhibited the growth of all tested mi-
crobial strains. GK, /Ch, mixture at 0.25% substantially
or weakly inhibited the growth of all tested microbial

Fig. 1 Viability of mouse 3T3 fibroblasts under a fluorescence microscope and a peel-off test of hydrogel adhesion to keratinocytes

STAU 4223

/
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C+

GK/2 ch/2

Fig. 2 Optical density (OD) measurement dynamics within 20 hours
in Staphylococcus aureus CCM 4223 strain

Curves (C+ control, GK/2 Gum Karaya in double dilution, Ch/2
chitosan in double dilution, GK+Ch Gum Karaya and chitosan
mixture).
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Fig. 3 Optical density (OD) measurement dynamics within 20 hours
in Staphylococcus epidermidis A 013 strain
Curves (C+ control, GK/2 Gum Karaya in double dilution, Ch/2

chitosan in double dilution, GK+Ch Gum Karaya and chitosan
mixture).
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strains. Lower GK,,/Ch,, mixture concentrations affec-
ted mostly the candida growth. The rest of the tested
microbial strains were inhibited weakly or not at all
(see Table1).

The bactericidal activity results using disk diffusion
tests have not shown any positive results, with the
exception of the candida strain, which showed weak
growth inhibition in GK,,/Ch,, mixture at 1 % concen-
tration (data not shown).

The growth inhibition was also tested using growth
curves (final antimicrobial concentrations were ten
times lower than in the disk diffusion test).

In the case of gram-positive bacteria (Staphylococcus au-
reus, Staphylococcus epidermidis), a mild inhibitory growth
effect of GK alone was demonstrated, which was defined
not only with a flatter growth curve compared to the
control, but also compared to different GK concentra-
tions. The best values were obtained with mixture of
Gum Karaya and chitosan (Figures 2, 3).

KLPN 4985

1,4

oD

0 2 4 6 8 10 12 14 16 18 20

hours

c+ GK/2 ch/2 GK+Ch

Fig. 4 Optical density (OD) measurement dynamics within 20 hours
in Klebsiella pneumoniae CCM 4985 strain

Curves (C+ control, GK/2 Gum Karaya in double dilution, Ch/2

chitosan in double dilution, GK+Ch Gum Karaya and chitosan

mixture).
PSAE FF1
2,5
2
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—
g 1
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0
0 2 4 6 8 10 12 14 16 18 20
0,5
hours
c+ GK/2 ch/2 GK+Ch

Fig. 5 Optical density (OD) measurement dynamics within 20 hours
in Pseudomonas aeruginosa FF1 strain

Curves (C+ control, GK/2 Gum Karaya in double dilution, Ch/2
chitosan in double dilution, GK+Ch Gum Karaya and chitosan
mixture).
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Virtually no inhibition was observed in gram-negative
bacteria when comparing the OD change dynamics
within 20 hours (Figures 4, 5). OD was increased imme-
diately after time 0 of experiment (especially in Klebsiella
pneumoniae CCM 4985 strain). Better dynamics of OD
was observed in all tested Pseudomonas aeruginosa strains
(FF1, FF2, FF3, 3955). Within 5 hours of starting the OD

CAAL 8261
045
04
035
03
0,25 —
o 02
© 015
01
0,05
0
005 9 2 4 6 8 10 12 14 16 18 20
0,1
hours
c+ GK/2 ch/2 GK+Ch

Fig. 6 Optical density (OD) measurement dynamics within 20 hours
in Candida albicans CCM 8261 strain

Curves (C+ control, GK/2 Gum Karaya in double dilution, Ch/2
chitosan in double dilution, GK+Ch Gum Karaya and chitosan
mixture).

CAPABC11

oD
)
B
G

hours

GK+Ch

C+

GK/2 ch/2

Fig. 7 Optical density (OD) measurement dynamics within 20 hours
in Candida parapsilosis BC 11 strain

Curves (C+ control, GK/2 Gum Karaya in double dilution, Ch/2
chitosan in double dilution, GK+Ch Gum Karaya and chitosan
mixture).

measurement, the effect on inhibition of pseudomonas
growth, the CK-Ch combination in particular, was no-
ticeable; however, after this time an abrupt increase
in OD occurred, which continued until the end of the
experiment, i.e. up to 20 hours (Figure 4).

Very promising results were observed within a test of
yeasts (Candida albicans CCM 8261, Candida parapsilosis BC
11). The initial drop of OD values are caused by the chito-
san solubility in the cultivation medium and should not
be mistaken with an antimicrobial effect. The growth
inhibition was observed in GK- mixture in both patho-
gens (Figures 6, 7).



DISCUSSION

Recently, there has been an increased urgent focus
on developing novel techniques to deliver drugs more
effectively and efficiently. The ideal pharmacokinetic
profile can be achieved with the use of polymer based
drug delivery devices. A number of polymer-based drug
delivery devices and carriers have been proposed for
efficient therapy. Among all these drug delivery devices,
hydrogels, specifically based on polysaccharides, have
attracted considerable attention as excellent candidate
for controlled release of therapeutic agents [8].
Hydrogels are three-dimensional polymeric networks
quickly swell by imbibing a large amount of water
or biological fluids and can de-swell in response to
changes in their surroundings. These changes can be
induced by changing the surrounding temperature,
PH, ionic strength or electro stimulus. Polysaccharide
based hydrogels keep moist environment and stimulates
faster moist wound healing [9, 10]. Healing under the
hydrogel dressing’s wet environment has some advan-
tages, which include suitable environment for skin cell
growth (stimulates keratinocytes proliferation), faster
healing rate, absorbing wound exudates, protection
from bacterial infection, hydrating necrotic tissue,
possibility of peeling off without any damage or easier
to change the dressing [11].

Hydrogels based on CK are not reported much in lite-
rature and GK’s potential as a drug delivery system has
not been explored very much [4]. Nevertheless after
successful toxicological, teratological and mutagenic
tests, GK has been declared as Generally Recognised As
Safe (GRAS) by the Food and Drug Administration (FDA).
The materials based on GK may also include drugs, such
as aceclofenac, nimodipine, famotidine, tetracycline
hydrochloride, indomethacin e.g. This fact points to
the further use of GK as a drug delivery system [12].
Infectious complications currently represent a domi-
nant share in burn patients’ mortality and morbidity.
The most common compartment for the development
of infection in this highly specific group of patients is
burned regions (skin and soft tissue infections, SSTIs)
[13]. A variety of potentially pathogenic microorganisms
(PPMs) are used in the etiology of infectious complica-
tions. Their representation is highly variable and lar-
gely depends on the nature of a skin defect, as well as
the location where (in which workplace and in which
part of the world) the microbiological surveillance was
performed [14, 15]. Still, the most successful PPMs in
the case of SSTIs development in burn patients are
Staphylococcus aureus and Pseudomonas aeruginosa [16, 17].
There was an increase in the resistance of individual
PPMs to various antimicrobial agents especially in the
last decade [18, 19]. The only way to ensure good effici-
ency in fighting PPMs in burned regions in the future
is the development and implication of new materials
in wound-management with a promising antimicro-
bial effect. Controlling the development of infectious
complications is a key factor in progression within the
wound healing phase.

When developing new materials, we are increasingly
focusing on fully natural or biosynthetic materials.
Material engineering helps us define custom-made
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products. The most important parameter studied in
these materials is its natural antimicrobial capacity. A
completely different mechanism of effect on individual
PPMs than the one currently in use is optimal.
Materials that do not contain a component with an
antimicrobial effect are practically unused in wound-
-management today. Silver (colloidal, nanocrystalline
form) is widespread, and so are other products known
from natural sources such as honey [20, 21]. Antiseptic
representatives (octenidine dihydrochloride) or antibio-
tics [22] are also widespread in materials. Antimicrobial
activity in other natural materials is also studied inten-
sively. Typical examples are catechins (epigallocatechin
gallate, EGCg, the main constituent of tea catechins)
[23]. A study by Yoda et al. points to the fact that the
antibacterial activity of EGCg is determined to a certain
extent by the structure of the bacterial cell wall and
the different affinities of EGCg to the cell wall not just
to staphylococci but also to gram-negative rods [24].
(EGCgis the main polyphenol isolated from green tea.)
Friedman et al. tested EGCg against strains of Bacillus
cereus [25]. They concluded that the efficiency of the indi-
vidual representatives of EGCg (-)-gallocatechin-3-galla-
te, (-)-epigallocatechin-3-gallate, (-)-catechin-3-gallate,
etc. showed antimicrobial activities at nanomolar le-
vels. High efficiency of ECCg against multi-resistant
bacteria strains (Pseudomonas aeruginosa) was also gradu-
ally demonstrated [26]. The investigation results clearly
predict the use of EGCg in wound-management.

An increased effort has been made regarding testing
the antimicrobial capacity of different natural polymers
particularly over the past two decades. Most of these
polymers contain substances that belong to the group
of plants derived natural antimicrobials [27].

The main substances with antimicrobial activity that
are isolated from plants are phenolic compounds (fla-
vonoids, non-flavonoids), saponins, thiosulfinates,
glucosinolates, aldehydes, alcohols, terpenes, poly-
phenols, etc. [28]. Although these substances have
potential antimicrobial activity against bacteria, yeasts
and fungi, it is generally believed that plant-derived
natural antimicrobials exhibit better inhibitory activity
against gram-positive than gram-negative bacteria.
Antimicrobial activity is very often associated with the
high antioxidant activity of these products [29].

A study by Torquato et al. was published in 2004, inclu-
ding the evaluation of antimicrobial activity of Cashew
Tree Gum [30]. It is a product of Anacardium occidentale, a
widespread plant in Brazil [31]. Polysaccharide chains of
cashew tree gum are from the group of arabinogalactans
with different side chains (glucuronic and galacturonic
acid residues). An investigation into the antimicrobial
activity of cashew tree gum was carried out primarily
because it was found that the production of this gum
is stimulated by bacteria and fungi [32]. This work
followed in the promising results of Marques et al., who
pointed to the fact that cashew tree gum had an inhibi-
tory effect on the growth of various bacteria, even fungi
[33]. Unfortunately, in the study by Torquato et al.,
antimicrobial activity was only found in Sacharomyces
cerevisiae, no other activity was observed in other PPMs
(Staphylococcus aureus, Escherichia coli and Kluyveromyces
merxianus, Bacillus cereus, Salmonella typhimurium, Listeria
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monocytogenes, etc.) and, for example, an increase in
biomass was found in Staphylococcus aureus strains with
increased cashew gum concentration [30]. One possible
explanation for the completely different results is a
different approach to the material purification.
Another representative of the natural hydrogels group
that was tested for antimicrobial activity is guar gum
[34]. Guar gum is a galactomannan, obtained from
Cyamopsistetragonolobus. This material is widely used to-
day, and just like GK, it belongs to GRAS [35]. A study by
Tauseef et al. on the pharmaceutical and pharmacologi-
cal profile of guar gum was published in 2011 [36]. It also
discusses the potential of this material’s antimicrobial
activity. Methanolic fraction of saponin with extract of
guar meal has antibacterial potential against strains of
Salmonella typhimurium and Escherichial coli [37].

In his work Al Alawi et al. compares the antimicrobial
and cytotoxic activity of Gum acacia (The Gum Arabic)
[38]. It is obtained by extracting two species of acacia
from the Sub-Saharan Africa, Acaia Senegal and Acaia
seyal. Comparison material was obtained from Sudan
and Oman Gum acaia. The most important substances
from this gum (Hexane, Chloroform, Ethyl acetate,
Butanol) were gradually extracted, and were subjected
to antimicrobial and cytotoxic activity. Significant
cytotoxic activity was not found in any extracts from
both acacia species. The largest antimicrobial activity
was observed in all chloroform concentrations (2, 1,
0.5, 0.25 mg/ml) extracted from Sudanese Gum acacia
against Klebsiella pneumoniae. In contrast, minimal an-
timicrobial activity was demonstrated in n-butanol
extract against Staphylococcus aureus. The antimicrobial
activity of other substances is significantly affected by
the concentration.

Chitosan is a non-toxic, biocompatible and biodegra-
dable natural polymer with low immunogenicity, anti-
microbial action and antioxidant capacity [39]. Another
undisputed advantage is its support of phase wound
healing. This leads to the use of chitosan as a material
for wound dressing applications [40].

The most common source of chitosan for medicinal and
non-medicinal applications is an exoskeleton of marine
organisms (e.g. crustacean shells, crawfish and squids)
[41]. Chitosan produced with insects or fungi is now
also commercially available. Like GK, chitosan is also
approved by the FDA as a GRAS [42].

The first mention of the antimicrobial action of chito-
san and chitosan oligomers was in the 1980s [43, 44].
However, the mechanism of chitosan action against
bacteria has not yet been fully described (chitosan has
a different activity against gram-positive and gram-
-negative bacteria). One of the most commonly accep-
ted explanations is that chitosan contains positively
charged amino groups that interact with negatively
charged microbial cell membranes, leading to fenestra-
tions with subsequent leakage of intracellular bacterial
components extracellularly. The antifungal effect of
chitosan has been described in various yeasts (Candida
albicans, non-albicans candida). In their study, Jeon et
al. point to the fact that the antibacterial activity of
chitosan and its oligomers is not only highly depen-
dent on the pathogen but also on the molecular mass
[45]. Similar results were achieved by No et al. [46]. In
both studies, a clear conclusion was reached that the
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chitosan antimicrobial activity alone is higher than
that of chitosan oligomers. However, in general, chi-
tosan exhibits higher antimicrobial activity against
gram-positive cocci than gram-negative rods. Chitosan
efficiency against bacteria can be further enhanced at
a lower pH.

The chitosan actual molecular mass also contributes to
its antimibacterial activity. No et al. tested both gram-
-positive bacteria (Listeria monocytogenes, Bacillus cereus,
Bacillus megaterium, Staphylococcus aureus, Lactobacillus spp.)
and gram-negative bacteria (Escherichia coli, Pseudomonas
fluorescens, Salmonella typhimurium, Vibrio parahaemolyticus).
The tested molecular mass of chitosan was from 28 kDa
to 1671 kDa. Most of the strains tested had a correla-
tion between the molecular mass of chitosan and its
antibacterial efficacy. A study was published in 2010,
describing physical and mechanical properties together
with the antimicrobial potential of the composite film
containing chitosan along with guar gum [47]. Guar
gum is a galactomannan (a water-soluble polysaccha-
ride) obtained from the Indian cluster bean, Cyamopsis
tetragonoloba [48]. Antimicrobial activity was tested
against strains of Staphylococcus aureus and Escherichia
coli. Itis an interesting fact based on the study that the
antimicrobial activity was observed, in particular up
to the concentrations of 15-25% (v/v). Another increase
in concentration reduced the antimicrobial activity of
the test film.

CONCLUSION

Many publications confirm the antimicrobial properties
of various natural polysaccharides or chitosan. No work
has been published yet to address the specific antimicro-
bial problem of CK. Since it is a material whereby its
wide potential use is now primarily focused on wound-
-management of acute and chronic wounds, the data
we found is very encouraging for future investigations
as well are clinical applications.

The fact that this chitosan-enriched material exhibits
synergistic properties in antibacterial capacity is also an
important finding, especially when it comes to gram-
-positive bacteria strains. An effect on the inhibition
growth curve of test pathogens was not detected in
gram-negative bacteria; therefore, this area would
require further intervention in terms of increased CK
and chitosan concentrations.
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