+ wound dressing, drug delivery systems and space filling implants. Chitosan also has been reported
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INTRODUCTION

Chitosan and some of its complexes have been studied for use in biomedical applications such as

RESULTS and DISCUSSION

Preparation of composite fungal chitosan - collagen sponge material

Prepared chitosan - (olﬁ]gen sponges have uniform poroussstructure, good mechanical strength and
stability, and water absorption capacity, in connection with h|e tatic and wound healing properties.
Fig. 1 shows a.sample of the sponge containing the fun ﬁm‘_,

to be a promising candidate os a scaffold material for engineered human tissue such as skin, cari-~
lage and bone due to its biocompatibility and resorbability.
Fungal mycelial wastes of the antibiotic, citric acid and other industry can become free and-sich
alternative sources of chitin - chitosan murermls beside the traditional industrial sourcegishellfish
waste materials. Moreover, the fungal chitosans can have unique properies (ompmed wiith those
derived from Crustacea.
Fungal chitosans has been extracted from Aspergillus niger and Penicillium oxullcun‘l'mdu
sirial biomass, purified and bleached.
Several upplncununs of the fungal chitosans in biomaterials have been tested:
1) composite fungal chitosan - collagen sponge material for wound healing or scaffolds for fissue
engineerin
2) nonwoven fabric from nanofibers composed of fungnl chitosan and polyvinyl alcohol with potential
medical utilization aih
3) tissue adhesive material for medical usage #

EXPERIM[{#@L

Biocompatibility testing of the chitosan - collagei sponge material

Macroscopic examination;
The implanted samples of the sponges were significantly decomposed after 3 days and fully degra-

ded after 21 days without any macroscopic inflammatory response in all the experimental animals.

Microscopic examination:
Collagen - chitosan Primex sponge:

ats

The course of the resorption at microscopic level is recorded on photographs in the Fig. 2.
Day 3 and 7: the implant is surrounded by a mixture endematic liquid with a small amount of
suppurative infiltrate.

Day 14 - 21: gradual disappearing of the suppurative infiltrate and collagen fibroproduction
in the exlemnﬁuyer

Day 21 - 29: multiplication of giant multlnu(lenr cells i in the place of the |mp|unl
Day 29: po sign ef edema or supp! X ly fibrillar and ed material,
partly granular. %

-Rubbit?

Day 3 and 7: macrophag necrofising reaction.

Day 14- 21: replacing the necrofising changes by infiltrate containing reticular and monocyte cells.
Day 21 - 29: disappearing of the infilirate and the implant material and collagen encapsulation.

o
ispergillus niger mycelium was obtained as a by- prodllmf suhmerse production of citric acid from

BIOTEC (Unicov, Czech Republic) as a by-product of production of a red anthraguinone dye. Chito-
san was exiracted from the mycelial wastes by successive alkali and acidic extraction using
a method described formerly and characterized by physico - chemical methods [11.

Collagen - fungal chitosan sponge:
Rats
The course of the resorpfion at microscopic level is recorded on photographs in the Fig. 2.
Day 3and 7: ive infiltrate with lear cells, gradually di ing by necrosis with
fibrin exudation
Day 14 - 21: histiocytar and lymfocytar encapsulation
ay 21 - 29: multiplication of giant mulfinuclear cells in the place of the implant
Day 2I9: no sign of edema or suppuration, predominantly fibrillar and reticulated material, partly
granular.

Rabbits
The healing process almost identical as in the case of the collagen - chitosan Primex sponge.

Summary of the biocompatibility testing
Results of the hiocompatibility testing show that the fungal chitosan is perspective hiomaterial

however its further is necessary. F and gradual di of the sponge
and the presence of macrophages and foreign body giant cells indicated the sponge was biodegraded
in vivo.

Physico-chemical characterization of the fungal chitosans:
MW distribution: 5 - 50 000
Deg!ee:of acetylation (DA): 4 - 5%

Preparation of composite fungal chitosan - collagen sponge materials

Solutions containing 1% (w/v) of Iﬂe fungal chitosan, commercial tﬁitosun Primex TM326 (Primex
Ingredients ASA, Norway), or (0mmerci(ﬂ bovine collagen (M6, Medicol, Czech republic) in 0.5%
acefic acid were prepared. After adjustment of pH of the prepared solutions to 6.5 with ammonia,
each of the chitosan solufions was mixed with the collagen solution in 1 : 1 ratio (v/v). The suspen-
sions obfained as described above were whisked in a high speed mixer, poured into dishes, frozen
immediately and freeze dried to obtain a three-dimensional porous structure.

Before biocompafibility festing the sponges were sterilized by gama-irradiation.

Blotnmpnhblln testing of the chitosan - collugen sponge materials

Biocompatibility of the sponge material wos evaluated after subcutaneous implantation of 10 x 10 mm
pieces of the tested material to laboratory rats and rabbits. The resorpfion of the implant was
observed macroscopically and by optical and electron microscopy in combination with
immunohistochemical methods.

At day 37,14, 21 and 29 p the implants with tissue were dlssecred
examined mn(lostopl(ully, flxed in 4% (v/v) formalin and examined hlslo1og|m||y

P of fabric g fungal chitosan

A sumple uf the nonwoven fabric containing fungnl chitosan is shown in the Fig. 3.

Possible areas of medical applications of the nonwoven fabric include arfificial organs, fissue engi-
\ neering, nmfl(ml blood vessels targeted drug delivery, wound dressing or mnurﬂ -screens.

P of fabric fungal chitosan

The nonwoven fabric was prepared from nunoflbres (omposed from fungal chitosan A. niger (10%)
and polyvinylalcohol ( 90% ) using a special patented electrospinning fechnology Nanospider af the
Depu!rlllmem of Nonwovens, Faculty of Textile Engineering, Technical University of Liberec, Czech
Republic.

imetric measurements lation fime of the tissue adhesives
Fig. 4 and 5 illustrate the influence ‘of concentrations of TGA and gelatine on gelation fime of the
fested mixture. The rate of gel formation‘and the strength of the resulting gels increased markedly

Preparation of test tissue adhesives

Principle of the proposed tissue adhesive is crosslinking gelatine, collagen, or other proper prote-
in wnE a commercial microbial enzyme fransglutaminase to form strong and irreversible gels.
This acyl-transfer enzyme catalyzes transamidation reactions that lead to the formation of
N-g-{y-glutamyl) lysine crosslinks in proteins [2].

Gelatine solutions (5 or 10 w/v %) was prepared by dissolving 5 or 10 g of gelatine from porcine
skin (Type A, 300 bloom, Sigma) info 100 ml of demi-water at temperature 45°C, pH was then
adjusted fo 6.0 with NaOH. A chitosan sofetion (3.2 w/v %) was prepared by dissolving the fun-
gal chitosan A. niger in demi-water after adjesfing pH of the solution with HCl to 2 - 3. Finally
the pH was increased by NaOH addifion to 6.0.

Gel formation was initiated by adding 0.25 - 1% (w/v) of transglutominase ACTIVA WM (Ajino-
moto Co., Inc., Tokyo, Japan) to the solutions containing gelatine, or blends containing gelatine
and chitosan. Transglutaminase activity: 81 - 135 U/g (Hydroxamate method).

chitosan was not required for transglutaminase - catalysed reaction. We have no direct evidence fo
support or reject suggestion that transglutaminase can transfer the protein directly onto chito-
san's amino groups.

When gelatine concentration was 10% (w/v) and TGA conceniration 1% (w/v), gelation timegf
the fested mixture was about 15 minutes. This rate of gel formation should be sufficient for most
applications of the biological glue.

Bonding strength measurement

The resu!ils of the bonding strength measurement are shown in the Fig. 7. The bonding strength of
the sample 2 (5 w/v % of gelatine - 3 w/v % of TGA) is comparable with the bonding strength of
the sample 3 (3.3 w/v % of gelatine - 6.7 w/v % of resorcinol - 1.2 w/v % of formaldehyde),
o commercially used mixture. Taking into consideration lower concentrations of gelatine (3.3
w/v %) and TGA (2 w/v %), chitosan presence didn't influence the bonding strength significantly.
Therefore, inase provide an alternative method for crosslinking collagen, gelatine or
other proteins and may offer interesting opportunities for in situ nppllmtlons The enzyme can
replace the cytotoxic crosslinking agents such as formaldehyde (GRF glue) or glutaraldehyde (GRG)

CONCLUSIONS

The chitosan - collagen sponges have proper characterisics for usage as biodegradable wound
healing dressing and scaffolds for fissue regeneration.

The composite chitosan containing nanofibers and nonwoven fabric can e tested for applications
in fissue engineering, such as fissue scaffolds or artificial bone and vessel materials.

The proposed tissue adhesive material has sufficient bonding strength and is fully biodegradable
without any cytotoxic components. All components of the product are available commercially ot
reasonable prices. Chitosan addifion fo the tested adhesive increases the rate of gel formation and
improves haemostatic and wound healing properies of the product.

The adhesive material can be used as a surgical glue or for other in situ applications.
The fungal chitosan is perspecive biomaterial however its further purification is necessary.

N
Viscosimetric measurements of gelation time of the tissue adhesives

Viscosimetric measurements of gel formation were performed at constant rotation-speed and
temperature 37°C using viscosimeter RHEOTEST 2.1 (MLW Prufgerate- Werke Medingen, GDR).
Following the addition of transglutaminase into each test blend, polymenzunon of a gelatine hydro-
gel s distinguished by the occurrence of gelation at some point i the crosslinking. At his point, the
adhesive loses fluidity or s viscosity increases abruptly.

Bonding strength measurement 4
Bonding strength of the proposed tissue adhesive (gelatine - 'runsglummlnuse (TGA) -hitosan)
was compared with bonding strengths of gelatine - TGA mixiure, * pure gelatine,-fid a commer-
cially used mixture gelafine - resorcinol crosslinked with fmmuldehyde (GRF glue).

Composition of the test adhesives:

Sample 1: 3.3% (w/v) of a porcine gelatine (Type A, 300 bloom, Sigma), 2% (w/v) of TGA (AC-

Sample 2: 5% (w/v) of the porcine gelatine, and 3% (w/v) of TGA in demi-water, pH 5.5

Sample 3: 3.3% (w/v) of the porcine gelatine, 6,7% (w/v) of resorcinol (Sigma), and 1,2% (w/v)
of formaldehyde (Sigma) in demi-wafer, pH 5.5

Sample 4: 10% of the porcine gelatine in demi-water, pH 5.5
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The adhesive characteristics of eacheof the fest adhesives were determined by measuring its hon-
ding strength between two thin muscle slices (8 x 2.5 cm) from a fresh porcine heart. Each of the
test adhesives in the amount of 0.4 ml was firsl applied to 2.5 x 2.5 am aeras of two these slices,
which iere adhered together. After 800 g.cm?  loading for"80 min at 37°C, the bonding strength
idhesive was measured by an texture analyser TA-XT 2 (Svuhle Micro System, UK) at =

with increasing gelafine and transglutaminase concentrations. Fig. illustrates the influence off
chitosan presence on gelation time. Chitosan.addition increased the rate of gel formation. Howevey,
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Fig. 2: Course of resorption nf 1he (ollngen (hlmsnn sponges at microscopic level

Fig. 3: A sample of @ nonwoven fabric prepared from nanofibres composed of fungal (hnosnn
A. niger (10%) and polyvinylalcohol (90%)
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Fig. 4: Influence of TGA concentration on gelation time of 10% (w/v) gelatine (G) solution at 37°C
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Fig. 5: Influence of gelatine (G) concentration on gelation fime in the presence of 0.5% (w/v) TGA
at 37°C
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Fig. 6: Influence of chitosan (Ch) presence on gelation time in 5% (w/v) gelatine solution with 0,25
(w/v) of TGA at 37°C
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Fig. 7: The results of the bonding strength measurement
Sample 1: 3.3% (w/v) G; 2% (w/v) TGA, and 1% (w/v) CH
Sample 2: 5% (w/v) G, and 3% (w/v) TGA
Sample 3: 3.3% (w/v) G; 6.7% (w/v) R, and 1.2% (/) F-GRF glue
Sample 4: 10% (w/v) G
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