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Biological properties of a novel coladerm-beta glucan membrane.
In vitro assessment using human fibroblasts

Sona Jantova?, Dusan Bakos®, Lucia Birosova?®, Patrik Matejov?

Aim. The purpose of this study was to prepare a coladerm-beta glucan membrane (CBGM) and to evaluate its biocom-
patibility, cytotoxicity, antimicrobial activity, genotoxicity and mutagenicity.

Methods. The biocompatibility of the membrane was studied on the base of cell adhesion and colonization of human
fibroblasts on the biomaterial surface by light microscopy. The MTT test and LDH level determination in the culture
medium removed from the control and cells treated on the membrane, were used for viability and cytotoxic evalua-
tions. Flow cytometry and gel electrophoresis were used for analysis of cell cycle and death. The antimicrobial activity
of CBGM was tested using the qualitative dilution method. Ames bacteria gene mutation test and Comet assay were
used for mutagenic and genotoxic studies.

Results. MTT and LDH tests confirmed that CBGM is a non-toxic biomaterial. Flow cytometry and gel electrophoresis
demonstrated that the membrane did not affect the cell cycle and did not induce either necrotic or apoptotic cell death.
CBGM exhibited antibacterial activity against G- bacteria E. sakazakii, S. marcescens, E. coli and agains G* sporogenic
bacteria B. cereus. No antifungal activity was detected. The membrane did not induce mutagenicity in the bacterial
reverse mutation test in Salmonella Typhimurium strains. Similarly, the comet assay showed that the tested fibroblast
cells growing with/without the membrane did not show any statistically significant DNA damage.

Conclusions. The CBGM has good biocompatibility, no cytotoxicity/genotoxicity/mutagenicity and it can be included
as a potential scaffold for tissue engineering.
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INTRODUCTION ing is currently an exciting area for the applications of
such membranes. Chemically modified collagen-based
The scale of synthetically prepared biomaterials used  scaffolds with programmable biodegradability are among
in clinical practice as tissue substitutes is broad. It is gen-  the progressive biomaterials being used as a substitute for
erally preferred to improve their surface properties for bet-  buccal mucosa, skin, cartilage, etc. (ref.?).
ter cell adhesion and colonization. In tissue engineering, Beta-glucans are polysaccharides consisting of a glu-
3D scaffolds are developed to support cells, promoting  cose residue jointed by beta linkage® and manifest a broad
their differentiation and proliferation towards the forma-  spectrum of biological activities: antimicrobial, anti-infec-
tion of new regenerative tissue. Different materials have tive, anti-inflammatory, anti-arthritis, antihypertension,
been proposed for use in scaffolds processing, particularly  chemoprotective, antitumor, and immunostimulatory
biodegradable polymers. activity*¢. They are taken as herbal medicines, to prevent
Collagen as the most abundant protein in the body is  and treat cancer, lower cholesterol, for human immuno-
also the most investigated for biomedical applications!.  deficiency virus (HIV), and diabetes, and to increase
This is due to its excellent biocompatibility, biodegrad- the immune system function. B-glucans are also used as
ability and low antigenicity. Collagen in biomaterials, medicine for colds (common cold), flu (influenza), HIN1
provides mechanical stability and structural guidance for  (swine) flu, allergies, hepatitis, Lyme disease, asthma, ear
cells, as well as facilitates the cell attachment. Collagen-  infections, aging, ulcerative colitis and Crohn's disease,
based materials have found various applications in the fibromyalgia, rheumatoid arthritis, and multiple sclero-
biomedical fields particularly in skin tissue engineering.  sis’. Some fungal glucans, e.g. lentinon and schizophyllan,
The complex membranes based on collagen, prepared are already used clinically for cancer therapy in Japan’.
with natural and biodegradable synthetic polymers, have =~ Mushroom polysaccharides prevent oncogenesis, show
many applications not only as skin replacements but also  direct antitumor activity against various allogeneic and
as a support for toxicity testing. However, tissue engineer-  syngeneic tumors, and prevent tumor metastasis'®!.
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Moreover, some authors have also reported potential ef-
fects of beta-glucans on photodynamic therapy. Natural
products containing beta-glucans have been used for
thousands of years for the benefits of human health, but
beta-glucans were only identified as active components
recently. Studies also showed that beta-glucans have great
potential for the treatment of diabetes. Beta-glucan such
as zymosan has been shown to be beneficial in wound
healing. It may increase collagen synthesis'2.

Beta-glucans are found in the cell wall of yeast, fungi
and pathogenic bacteria and they are also produced by a
variety of plants.

The biological activities of beta glucan isolated from
Pleurotus ostreatus is 3 -(1,3/1,6)-D glucan (pleuran)
have been reported®'*'®. The effects of Pleurotus ostrea-
tus administration on a cancer outbreak and activities of
macrophages and lymphocytes in mice treated with car-
cinogen N-butyl-N-butanolnitrosoamine were described by
Kurashige et al.””. Nosalova et al.”* demonstrated a pos-
sible role of beta-glucan isolated from Pleurotus ostreatus
in a treatment of ulcerative colitis. Bobek and Galbavy'®
reported the effect of pleuran on the antioxidant status of
the organism and on dimethylhydrazine-induced precan-
cerous lesions in rat colon. The results of Majtan et al.™
indicated that pleuran is a potent keratinocyte stimula-

Fig. 1.
lagen fiber (b), collagen fiber ambient p-glucan granule (¢). A beta glucan pacticle is indicated by the arrow.

tor of prometalloproteinase 9 release, which implies its
application in dermatological therapies. Pleuran from
Pleurotus ostreatus may participate in physiological pro-
cesses related to the metabolism of fats in the human
body". Rovensky et al.'® evaluated the effect of beta-
glucan-PO (beta glucan isolated from Pleurotus ostreatu)
on the prophylactic treatment of adjuvant arthritis with
methotrexate in rats. The authors demonstrated that beta-
glucan-PO reduced arthritis development in rats and had
additional beneficial effects to methotrexate treatment.
Bergendiova et al.® found that water insoluble pleuran sig-
nificantly reduced the incidence of upper respiratory tract
infections (URTI) symptoms and increased the number
of NK cells. In addition, pleuran significantly improved
the phagocytosis process. The authors suggested that pleu-
ran, supplementation may have the capacity to attenuate
immune changes and decrease URTI symptoms in inten-
sively training athletes®.

In previous work" a membrane based on atelocollagen
complex with hyaluronan and chemically modified with
starch dialdehyde derivatives (coladerm) was prepared
and tested on cytotoxicity. Testing with human embry-
onic fibroblasts B-HNF-2 showed the non-toxicity of the
coladerm membrane (collagen-hyaluronan membrane)
(ref.?°). Moreover, the membrane had suitable structural
and biological properties for such clinical application as
substituting buccal mucosa after surgical ablation of ma-
lignant tissues from the oral cavity>?"-%3.

The aim of this study was to prepare a coladerm-beta
glucan membrane (collagen-hyaluronan-beta glucan mem-
brane, CBGM) and to evaluate its biocompatibility, cytotox-
icity, antimicrobial activity, genotoxicity and mutagenicity.

MATERIALS AND METHODS

Preparation of coladerm-beta glucan membrane

The samples of the CBGM (Fig. 1) were prepared
using atelocollagen Hypro-Sorb® (Hypro, Zlin, Czech
Republic). 1.5 g of atelocollagen was desintegrated in
50 mL of deionized water and subsequently 10 mL 0.05 M

Coladerm-beta glucan membrane structure: light microscopy - macrostructure (a), Scanning electron microscop - col-
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acetic acid was added to the mixture. Sodium hyaluronan
(MW 180 000, CNP, Usti nad Orlici, Czech Republic)
in an amount of 0.12 g was dissolved during 2-3 h in 10
mL of deionized water added to collagen suspension and
mixed together. After that, 2.3 mL of 1.3% (w/w) solution
of starch dialdehyde was added with subsequent mixing.
Finally, 0.5 g of micronized beta glucan with particles
size 5-10 um (NATURES, Slovak republic) was added to
the mixture. The homogeneous mixture was dosed with
the syringe (20-25 mL) to the Teflon forms and dried in
an oven at 37 °C during 2-3 days. After drying, the mem-
brane was cut into squares 1 cm?in size and sterilized by
y-irradiation using the dose 25 kGy (ref.?*).

Starch dialdehyde preparation

After mixing 16.2 g of maize starch with 100 mL of
deionized water, the solution of 23.5 g sodium periodate
in 300 mL of deionized water was dropping over one
hour into this white suspension. After the suspension
was mixed at a temperature 25 °C during next 18 h and
filtered by throughout washing of a filtrate six times with
50 mL of deionized water. Finally, the modified starch
was rinsed by 100 mL of acetone and dried at 40 °C for
24 h. Starch aldehyde solution was prepared by dissolving
the product in NaHCO, saturated solution to reach the
concentration of 1.3% (w/w).

Other chemicals

Dulbecco’s Modified Eagles Medium (DMEM),
fetal bovine serum (FBS), trypsin and antibiotics were
purchased from Biocom Company (Bratislava, Slovak
republic). Trypan blue and all other chemicals used were
purchased from Sigma Chemicals (St. Louis, MO, USA).

In vitro cell culture tests

Nonmalignant diploid human foreskin fibroblasts
VHI10 were obtained from D. Slamenova (Cancer
Research Institute Bratislava, Slovak Academy of
Sciences, Slovak republic), human neonatal diploid cell
line B-HNF-1 was obtained from the collection of the
Institute of medical biology, genetics and clinical genetics
(Comenius University in Bratislava, Slovakia) and were
grown (starting inoculum 1 x 105 VH10 cells/mL and 5
x 10* B-HNF-1 cells/mL) in DMEM supplemented with
10% (v/v) FBS, penicillin G (100 mg/L), streptomycin
(100 mg/L) and kanamycine (100 mg/L) at 37 °C in hu-
midified 6% CO, and 94% air atmosphere. Before a con-
fluent monolayer was formed, the cells were harvested
from the culture surface by incubation with a trypsin solu-
tion (0.25%). When a suitable cell concentration had been
reached, the suspension was used for the experiments.
The cells were at the time in the exponential phase of
growth. All experiments were performed in Petri dishes
(@ 60 mm). Cell viability was determined by the Trypan
blue exclusion test.

Light microscopy
After trypsinization and dispersing in culture medium,
a cell suspension of density of 2 x 10° (VH10 ) and 1 x
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105 (B-HNF-1) cells/mL was prepared. Sterile coladerm-
-glucan membranes were placed on the bottom of the Petri
dishes and treated with 0.5 mL of the cell suspension.
After 1 h, the culture medium (4.5 mL) was added and
cells were cultured for 2, 3, 6 and 7 days at 37 °C in
a humidified atmosphere containing 5% (v/v) CO,. After
treating, the membranes were examined under a light
microscope (Meopta, Slovak republic) and photographed.
The cells cultured without CBGM were used as a control.

MTT test

Cell viability was evaluated using 3-(4,5-dimethyl(thia-
zol-2-y1)-2,5-diphenyltetrazolium bromide) (MTT), the re-
agent which measures the metabolic activity of cells®.
The stock solution of MTT (5 mg/mL) was prepared in
phosphate-buffered saline (PBS) and stored in the dark
at 4 °C. A 100 pL aliquot of a dilution prepared in unsup-
plemented culture medium (1 mg/mL final) was filtered
(0.22 um) and added to the cells growing with/without
CBGM. After 3 h of incubation the supernatant was re-
moved. Formazan crystals in viable cells were dissolved
in ethanol (96% v/v) and absorbance was measured by
the MULTISKAN® FC microplate photometer (Thermo
Scientific, USA) at 540 nm.

Lactate dehydrogenase (LDH) quantification

LDH release is an important and frequently applied
test for cellular membrane permeabilization and severe
irreversible cell damage. The amount of released LDH
was measured according to Bergmeier®.

After incubation periods, the medium was aspirated
from each sample together with the control and stored
on ice. Then, the standard solutions for samples with re-
leased LDH was prepared (containing 100 mM Tris-HCl
buffer, pH 7.1, 15 mM of NADH and 1.0 M of pyruvate
sodium salt) as well as the standard solution of the total
LDH (the same composition but plus 10%. solution of
Triton-X-100). The standard solutions were incubated at
31 °C for 5-10 min before the measurement. Oxidation of
NADH was measured by the photometer MULTISKAN®
FC (Thermo Scientific, USA) at 340 nm. Absorbance
decreased linearly with time over 60 s of measurement? .

Cell cycle analysis

Flow cytometry was used for the cell cycle analysis
of the control and the membranes treated VH10 and
B-HNEF-1 cells. Cells at the amount of 0.5 x 10° growing
96 h in/without presence of the CBGM were harvested
and washed twice in PBS. Cells were exposed to 0.1%
Triton X-100 in PBS supplemented with RNA-ase (50
ug/mL) during 25 min at 37 °C. Afterwards, DNA was
stained with propidium iodide (50 ug/mL) for 15 min at 4
°C. The samples were analyzed by the Coulter Epics XL
(Beckman Coulter Company, USA) flow cytometer using
DNA Cell Cycle Analysis Software distributed by Phoenix
Flow Systems - MultiCycle AV for Windows. Minimally
10000 cells per sample were analyzed at a flow rate of
200 cells/s. Excitation was measured at 488 nm using
argon laser.
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Agarose gel electrophoresis

VH10 and B-HNF-1 cells growing 96 h with/without
the CBGM were harvested, washed in PBS and lysed in
100 ul of the solution containing 10 mM of Tris, 10 mM
of EDTA and 0.5% (w/w) of Triton X-100 supplemented
with proteinase K (1 mg/mL). Samples were then incu-
bated at 37 °C for 1 h and heated at 70 °C for 10 min
A repeated incubation at 37 °C during 1 h followed after
adding RNA-ase (200 ug/mL). The samples were subjec-
ted to electrophoresis at 40 V for 3 hin 2% (w/w) agarose
gel complemented with EtBr (1 ug/mL). Separated DNA
fragments were visualized using the UV transilluminator
(254 nm, Ultra-Lum Electronic UV Transilluminator,
USA).

Comet assay

The procedure of Singh et al.?® was used with minor
changes suggested by Slamenova et al.? and Gabelova et
al.*, A base layer of normal melting point (NMP) agarose
(100 ul of 0.75% wt.) in PBS buffer (Ca? - and Mg?* - free)
was placed on microscope slides. Human fibroblast VH10
and B-HNF-1 cells were grown with/without the CBGM
for 24 h. Both membrane-treated and control cells were
suspended in low melting-point (LMP) agarose (0.75%
w/w). The aliquot of 85 uL of LMP agarose, containing 2
x 10 cells, was spread on the base layer. Triplicate slides
were prepared per sample. After solidifying of agarose, the
slides were placed into the lysis mixture (composed of 2.5
M NaCl, 100 mM Na,EDTA, 10 mM Tris-HCI, pH 10.0
and freshly added 1% Triton X-100) at 4 °C. The slides
were then transferred to the electrophoresis box with al-
kaline solution (300 mM NaOH, 1 mM Na EDTA, pH >
13) and kept in this solution for 40 min at 4 °C to unwind
DNA strands. The voltage 25V (300 mA) was applied for
30 min The slides were removed, neutralized by 2 x 10
min washing in Tris-HCI (0.4 M, pH = 7.5) and stained
with 20 pL ethidium bromide (10 ug/mL of EtBr). Stained
nucleoids were evaluated with the Zeiss Jenalumar fluo-
rescence microscope (magnification 200x). For each sam-
ple 100 comets were scored by the computerized image
analysis (Komet 5.5 Europe, Kineting Imaging, Liverpool,
UK) to determine DNA in the tail, linearly related to the
frequency of DNA strand breaks?.

In vitro microbial tests

Microbial strains Staphylococcus aureus CCM 3953,
Staphylococcus epidermidis CCM 4418, Streptococcus
pyogenes CCM 4425, Bacillus cereus CCM 2010,
Escherichia coli CCM 3988, Enterobacter sakazakii CCM
3461, Serratia marcescens CCM 303, Proteus sp. CCM
1799, Saccharomyces cerevisiae CCM 8191, Candida al-
bicans CCM 8186 (obtained from Czech Collection
of Microorganisms, Masaryk University, Brno, Czech
Republic), Alternaria alternata, Aspergillus niger,
Penicilium purpurogenum, Rhizopus oryzae (Collection
of Microorganisms of Department of Biochemistry and
Microbiology, Faculty of Chemical and Food Technology
STU, Bratislava, Slovak republic), Microsporum gyp-
seum, Trichophyton interdigitale (Laboratory of Medical
Mycology, Postgraduate Medical Institute, Bratislava,
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Slovak republic) were used for antibacterial respectively an-
tifungal assay. Bacterial strains Sa/monella Typhimurium
TA 98 (CCM 3811) and TA100 (CCM 3812) (obtained
from Czech Collection of Microorganisms, Masaryk
University, Brno, Czech Republic) were used in bacterial
mutagenicity tests. Subcultures were prepared separately
in Petri dishes containing appropriate agar medium and
incubated at 30 °C for 48 h (bacteria, yeasts) and at 25
°C for 96 h (filamentous fungi).

Antimicrobial assay

The antimicrobial activity of CBGM was tested using
the qualitative method according to Bodajla et al.’' with
a small modification. The membrane was put on agar
plates in Petri dishes inoculated with bacteria or with sus-
pensions of spores of filamentous fungi. The plates with
bacteria were incubated for 20 h at 37 °C and examined
for zones of inhibition. Filamentous fungi and yeast were
incubated at 25 °C and the plates with Rhizopus oryzae,
Saccharomyces cerevisiae and Candida albicans were ex-
amined after 20 h, with Aspergillus niger and Penicilium
purpurogenum after 48 h and with Alternaria alternata,
Microsporum gypseum and Trichophyton interdigitale after
64 h.

Bacterial mutagenicity test

Bacterial strains Sa/monella Typhimurium TA100
and TA98 which are sensitive to a broad spectrum of
chemical compounds were cultivated on nutrient agar.
The overnight culture was prepared in nutrient broth 16
h before the experiment. The plate-incorporation meth-
od according to Maron and Ames>? without metabolic
activation was used. To 2 mL of melted top agar with
50 uM of L-histidine-biotin, 0.1 mL of a cell suspension
(overnight cultivation at 37 °C, approximate cell density
2-5 x 108 cells/mL) and (homogenized) membrane were
added. The mixture was poured onto a minimal glucose
agar plate and incubated for 48 h at 37 °C and the num-
ber of histidine-independent revertants was counted. The
data points represent at least three separate experiments.
A positive response was defined as a reproducible, two-
fold increase in revertants with dose-response relation-
ship.

Statistical analysis

The assays were performed in triplicate and the data
were expressed as means * standard deviations (SD).
The one-way ANOVA combined with a Student-Newman-
Keuls (SNK) post hoc test was used to determine the level
of significance: P<0.05 (for cell cycle analysis and comet
assay) and ***P<0.001 (for Ames test).

RESULTS

Fibroblast adhesion, proliferation and cytotoxicity

The ability of VH10 cells to adhere on the surface of
the newly prepared CBGM (Fig. 1) after 1, 2, 3, 6 and 7
days is demonstrated in Fig. 2. After 1, 2 and 3 days of cul-
tivation, cells did not adhere sufficiently on the membrane
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Fig. 2. The ability of VH10 cells to adhere and divide on the coladerm-beta glucan membrane surface after 1 (a), 2 (b), 3 (c), 6
(d) and 7 (e) days of cultivation. The membrane without VH10 cells was used as a control (f). Adhered cells are indicated by the

arrows. Magnification: 160x.

surface (Fig. 2 a, b, ¢). On the other hand, an increased
number of adhered cells were found after 6 and 7 days
of the cultivation (Fig. 2 d, ¢). The cells grew adhered
on the membrane surface and porous and colonized the
heterogeneous surface in all directions.

Cell viability and cytotoxicity of the CBGM were
monitored by the MTT test and by the LDH level deter-
mination in the culture medium removed from the control
and cells treated on the membrane. The cells growing
without the CBGM were used as a control. The viability
of VH10 cells culturing with/without the CBGM was mea-
sured over 4 days. No significant difference in cell viability
or growth was found during the whole culturing period.
VHI10 cells at the membrane grew at almost the same
extent as the control cells growing without the CBGM.

Fig. 3 demonstrates the effect of the CBGM on LDH
release in VH10 and B-HNF-1 cells after 4 days of the
cultivation. The percentage of LDH release was deter-
mined as the ratio of the released amount of LDH to
the total LDH amount. As seen in Fig. 4, no increase in
LDH released was found in comparison to the control in
either cell line used. These results correlate with those of
the experiments of viability/cytotoxicity assessment by
the MTT test.

Analysis of cell cycle and apoptotic death of the VH10
and B-HNF-1 cells

In order to investigate the effect of CBGM on cell
cycle profile of cell lines VH10 and B-HNF-1, the cells
were exposed to biomaterial and after 4 days the cell cycle
profile was analyzed using flow cytometry. As shown in
Table 1 less change in cell cycle was found and a decrease
in cell number in S and G2/M phases (34.4% and 39.7%
for VH10 cells; 20% and 12.4% for B-HNF-1 cells) was
observed.

Further the ability of the CBGM to induce apoptosis
we studied. Induction of apoptotic death of control and
membrane-treated VH10 and B-HNF-1 cells was exami-
ned after 4 days of incubation using agarose gel electro-
phoresis (Fig. 4). Apoptotic cells form apoptotic DNA
fragment in agarose gel. As seen from figure, no apoptotic
DNA fragmentation was detected.

Antibacterial and antifungal assay

Antimicrobial activity of CBGM monitored on the
bacteria, yeast and filamentous fungi models using the
diffusion method is shown in Table 2. Best antibacterial
activity was determined against G bacteria and against
G* sporogenic bacteria B. cereus. No antifungal activity
was detected.
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Table 1. Percentage values of cells in subG0, GO/G1, S and G2/M phases determined by flow-cytometric analysis of
control (cells without membrane) and treated VH10 and B-HNF-1 cells (cells with membrane). Results are ex-
pressed as mean * SD (the differences are statistically significant).

Cell cycle phases Sub-G, G,/G, S G,/M
VHI10 cells
% control cells in phases 1.94+0.08 84.51+5.12 7.52+0.52 7.98+0.34
% treated cells in phases 0.56x0.02 90.28+4.01 4.93£0.16 4.79+0.21
B-HNF-1 cells
% control cells in phases 1.52+0.09 88.12+£5.03 6.81+0.26 5.08+0.38
% treated cells in phases 0.62+0.03 87.39+5.75 5.45+0.50 4.45+.19
N=3, P<0.05 was considered statistically significant.
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Fig. 3. Percentage of LDH release from VH10 and B-HNF-1 cells in/without pres-
ence of coladerm-beta glucan membrane.
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Fig. 4. Detection of apoptotic DNA fragmentation in human fibroblast cells treated
with coladerm-beta glucan membrane for 4 days. a - VH10 cells without membrane
(negative control); b - VH10 cells with membrane (b); ¢ - positive control (the cells
treated with 6 uM cisplatin for 24 h); d - B-HNF-1 cells without membrane (negative

control); e - B-HNF-1 cells with membrane.

Genotoxic studies

The results of monitoring the potential of the
CBGM to induce mutations in the bacterial strains S.
Typhimurium TA98 and TA100 are given in Table 3. As
seen, the tested membrane did not induce growth of re-
vertants. No mutagenic activity was observed.
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The effects of the CBGM on DNA damage in VH10
and B-HNF-1 cells monitored by Comet assay after 24 h
of influence are illustrated in Fig. 5 and 6. From the fig-
ures, tested cells growing with/without the CBGM showed
no statistically significant DNA damage. No comet tails
were found.
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Table 2. Antimicrobial effect of coladerm-beta glucan
membrane.

Inhibition zone
of membrane (mm)

Tested bacteria and fungi

Proteus sp. CCM 1799 NI
E. sakazakii CCM 3461 15
S. marcescens CCM 303 12
E. coli CCM 3988 13
S. epidermidis CCM 4418 NI
S. pyogenes CCM 4425 NI
B. cereus CCM 2010 15
S. aureus CCM 3953 NI
A. niger NI
P. purpurogenum NI
R. oryzae NI
A. alternata NI
M. gypseum NI
T interdigitale NI
S. cerevisiae CCM 8191 NI
C. albicans CCM 8186 NI

NI - no inhibition

Fig. 5. Coladerm-beta glucan membrane effect on the level of
DNA damage in VH10 and B-HNF-1 cells after 24 h of treat-
ment. Cells growing without the membrane were used as a nega-
tive kontrol, P<0.05 was considered statistically significant.
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Table 3. Mutagenic effect of the coladerm-beta glucan
membrane on Salmonella Typhimurium TA98 and

TA100 using the Ames test.
TA98 TA100
M? M?
Without membrane 17,7+£3,1 142+6,6
Membrane 20+1,7 146+31,8
Positive control 445+34,5%** 1384+59%**

DISCUSSION

In our previous work, the coladerm membrane was
used as a matrix consisting of a complex of type I ate-
locollagen and hyaluronan'. The cytotoxicity studies of
coladerm membrane confirmed that the membrane is
non-toxic with suitable structural and biological proper-
ties for different clinical application. Beta-glucans mani-
fests a broad spectrum of biological activities® and they
are found in the cell wall of yeasts, fungi and pathogenic
bacteria and also produced by a variety of plants.

In this study, beta glucan (pleuran isolated from
Pleurotus ostreatus), which has a positive effect on wound
healing, was added to the previous composition of the
coladerm. The aim was to create a suitable covering for
topic applications with increased healing activity.

Coladerm-beta glucan membrane was produced from
a polyelectrolyte complex of atelocollagen and hyaluronan
and beta-glucan. The structure of newly prepared bioma-
terial is shown in Fig. 1. The complex membrane has a
characteristic bubble-like macrostructure after drying
which ensures its high cohesiveness also due to chemi-
cal cross-linking by dialdehydic starch derivatives. The
chemical cross-linking of the membrane by dialdehydic
starch derivatives reduces its biodegradability and provi-
des mechanical firmness, which enables saturation.

However, as biomaterials can pose low, medium or
high potential risk to human safety, the biological safety
assessment of potential medical biomaterials is the first
step before other trials. One of the recommended and ap-
propriate biological assessments consists of in vitro evalu-
ation of biocompatibility, cytotoxicity and genotoxicity/
mutagenicity. Biological testing involves a large number
of qualitative and quantitative methods that use different
cells growing in vitro*?*33,

Therefore, in this study biocompatibility, cytotoxicity,
genotoxicity and antimicrobial activity of newly prepared
membrane biomaterial were evaluated. The biocompat-
ibility of the CBGM was studied on the base of cell adhe-
sion and colonization of human fibroblast cultures on
the biomaterial surface by light microscopy. The MTT
test and LDH level determination in the culture medium
removed from the control and cells treated on the mem-
brane were used for viability and cytotoxic evaluations.
Flow cytometry and gel electrophoresis were used for
analysing the cell cycle and death. Comet assay was used
for genotoxic study.
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The biocompatibility studies showed that VH10
cells colonize the coladerm-beta glucan membrane well.
A majority of growing cells exhibited typical fibroblast
morphology with an elongated and polygonal shape. The
ability of human fibroblast cells BHNF-1 to adhere and
divide on the membrane surface was also investigated by
transmission electron microscope?. The cells adhered and
proliferated on the membrane and their morphology was
unchanged compared to control. These results demon-
strate that the membrane is biocompatible biomaterial.

The results from cytotoxic studies (MTT and LDH
tests) indicated that the CBGM show no cytotoxicity.
No significant difference in cell viability or growth was
found. LDH test showed that fibroblast cells VH10 and
B-HNF-1 did not significantly damage the cytoplasmatic
membrane integrity indicating that the tested membrane
did not induce necrotic cell death.

The LDH test, flow cytometry and agarose gel electro-
phoresis demonstrated that CBGM did not induce either
necrotic or apoptotic cell death. Membrane-treated cells
had similar cell morphology as control cells and had un-
damaged cytoplasmic membrane integrity (Fig. 2). The
VH10 and B-HNF-1 cells did not have fragmented DNA
(Fig. 4) and no sub-G cell fraction was detected during
the cell analysis (Table 1). Flow cytometry also showed
that CBGM slighly affected the cell cycle, the membrane
induced decrease in cell number in S and G2/M phase of
human fibroblast cells (Table 1).

These results allow us to conclude that the coladerm-
beta glucan membrane is non-toxic biomaterial.

They are in accordance with Vojtassak et al.> and
Harvanova et al.?* whose results from a study of biocom-
patibility, cell viability and cytotoxicity of the collagen/
hyaluronan membrane (coladerm membrane) showed
that the membrane was non-toxic, biocompatible biomate-
rial suitable for growth of fibroblasts and chondrocytes®.
Human embryonic fibroblast cells B-HEF-2 proliferated
not only around the tested coladerm membrane, but also
on its surface and invaded the membrane. This was proven
by immunohistochemical examination and scanning elec-
tron microscopy analysis>.

The results of the toxicity study of the CBGM are also
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consistent with work of other authors who have shown
the non-toxicity of collagen based membranes***” and hu-
man fibroblast ability to attach and proliferate on col-
lagen membranes?**. Non-toxicity and the biomedical
applications were also documented for collagen-based
scaffolds containing polysaccharides such as chitosan,
hyaluronan and other glycosaminoglycans. As well, the
collagen spongy matrix containing oxidized regenerated
cellulose (ORC) named Promogran® has been designed to
treat exuding wounds including diabetic, venous and pres-
sure ulcers®. Woo et al.*’reported utilization of collagen-
based membranes containing beta glucan in regenerative
medicine. These authors investigated the possible roles
of (1,3)-(1,6)-beta-D-glucan and porous electrospun poly-
lactide-co-glycolide (PLGA) membranes containing beta-
glucan for skin would healing, especially their effect on
activation, proliferation, migration of adult human dermal
fibroblast.

Antimicrobial studies of the CBGM on bacteria and
filamentous fungi model demonstrated that the coladerm-
beta glucan membrane induce different antimicrobial ef-
fects. The tested membrane exhibited antibacterial activity
against G bacteria E. sakazakii, S. marcescens, E. coli and
against G* sporogenic bacteria B. cereus. No antifungal
activity was detected.

Different antimicrobial activity of composites contain-
ing hyaluronic acid (HA) or beta-glucan was described
also by other authors. Ardizzoni et al.*! reported such
effects for HA. In particular staphylococci, enterococ-
ci, Streptococcus mutans, two Escherichia coli strains,
Pseudomonas aeruginosa, Candida glabrata and C. parap-
silosis displayed for HA dose dependent growth inhibi-
tion. On the other hand, no effects of HA were detected
in E. coli ATCC 13768 and C. albicans and S. sanguinis
was favored by the highest HA dose. A few human clini-
cal studies on beta glucan have demonstrated a decreased
infection incidence in surgical patients and shortened in-
tensive care.

The genotoxicity of the membrane was determined
by Ames bacteria gene mutation assay and comet assay.
N-Methyl-N"Nitro-N-Nitrosoguanidine (MNNG; the stock
solution 1 mg/mL) was used as positive control in Ames
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tests and dishes without membrane presence were used as
a negative control. The CBGM did not induce mutagen-
icity in the bacterial reverse mutation test in Salmonella
Typhimurium strains. Similarly, the comet assay showed
that the tested fibroblast cells growing with/without the
CBGM showed no statistically significant DNA damage.

Our results from genotoxic studies are consistent
with a number of other studies that have investigated the
genotoxic/mutagenic activity of biopolymers with a nega-
tive effect*>*. Moreover, some natural and synthetically
prepared biopolymer derivatives promote human health
by prevention against DNA damage, mutations and can-
Cer45-51.

On the basis of the results it can be concluded that
the CBGM has a good biocompatibility, no cytotoxicity/
genotoxicity/mutagenicity and it can be included among
potential scaffolds for tissue engineering.

CONCLUSIONS

The prepared coladerm-beta glucan membrane has
a characteristic bubble-like macrostructure after dry-
ing which ensures its high cohesiveness also due to
chemical cross-linking by dialdehydic starch derivatives.
Biocompatibility assessment showed that the membrane
did not affect cell morphology or proliferation of human
fibroblasts VH10 and B-HNF-1 colonized on the mem-
brane surface. Cytotoxicity studies confirmed that CBGM
is a non-toxic biomaterial which does not affect the cell
cycle and does not induce either necrotic or apoptotic
cell death. The tested membrane exhibited antibacterial
activity against G bacteria E. sakazakii, S. marcescens,
E. coli and against G* sporogenic bacteria B. cereus. No
antifungal activity was detected. The membrane did not
induce mutagenicity in the bacterial reverse mutation test
in Salmonella Typhimurium strains. Similarly, the comet
assay showed that the tested fibroblast cells growing with/
without the membrane showed no statistically significant
DNA damage. The results of this study show that the co-
laderm-beta glucan membrane could be used as a scaffold
for tissue engineering and creating a suitable biocovering
for topic applications with increased healing activity.
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