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Abstract—Biomaterials are used in regenerative medicine, implantable materials, controlled release carriers
or scaffolds for tissue engineering. Biological dressings like fibrin glue, gelatin sheets, chitosan films,
collagen is popular for quicker wound healing. These polymers when used in combination such as fibrin-
gelatin, fibrin-chitosan has shown better results, than when used alone. Thus, the present research work is
concentrated on the preparation and evaluation of composite films made with chitosan-fibrin to ascertain the
applicability of the prepared combination for wound management. Temporary biological wound dressings
were prepared, in film form, using physiologically clotted fibrin and chitosan (FC) employing PVP as
porogen. The films were characterized for their percentage equilibrium water content (% EWC), water
vapour transmission rate (WVTR), bacterial penetration, surface morphology and in vivo biodegradation
using rats as animal models. The film prepared using fibrin 10ml (40% solids) and chitosan solution 5ml (4%
in 0.3N acetic acid) has exhibited better results. The FC films have shown excellent inhibition for bacterial
penetration. The micrographs taken for wet membrane have shown swollen strands of fibrin expanding
throughout the surface indicating the hydrogel nature of the film. In vivo degradation studies have revealed
that the FC is completely biodegradable in 30 days without any adverse foreign body reaction indicating its
biocompatibility.

Keywords—Chitosan, fibrin, equilibrium water content (% EWC), water vapour transmission rate (WVTR),
bacterial penetration, surface morphology, in vivo biodegradation

. INTRODUCTION
Biomaterials

The use of natural polymers, or biopolymers, as structural materials is not new. Nature itself has always
used, for instance, cellulose to provide the structure of higher plants, chitin as the exoskeleton of several
molluscs, keratin for thermoinsulation in hair, collagen for mechanical support in connective tissues, and silk in
spiderwebs. At present, the socio-economic situation of the modern world has raised the interest in these
materials. Oil embargos and high prices, associated with the concerns of oil long-term availability, are favorable
to the replacement of oil-derived polymers by polymers derived from renewable resources. Environmental
concerns are also playing an increasingly important role, contributing to the growing interest in natural polymers
due to their biodegradability, low toxicity and low disposal costs. The usually low manufacture costs of
biopolymers, related to their large agricultural availability and renewability, are additional advantages.
Furthermore, their versatility of chemical structures and their well-known chemistry allow the development of
advanced functionalized materials that can match several varied requirements. In addition, the rapid
advancement in understanding of fundamental biosynthetic pathways through genetic manipulations will
provide tailoring of biopolymer structure and function, thus creating new opportunities for these materials
(Kwunchit,1997), Tokura,1996), and (Xu,1996).

In the biomedical field, the degradation of natural polymers into physiological metabolites makes them
excellent candidates for a wide range of applications, such as drug delivery. Polysaccharides, in particular, have
some excellent properties which make them the polymer group with the longest and widest medical applications
experience: Georgiev ,2000, Bulter 1996, and Gong, 2000 non-toxicity (monomer residues are not hazardous to
health), water solubility or high swelling ability by simple chemical modification, stability to pH variations, and
a broad variety of chemical structures. This versatility makes these materials able to overcome some
disadvantages like low mechanical, temperature and chemical stability, and proneness to microbial and
enzymatic degradation, which, in some cases, can be used as an advantage.
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Wound dressing Materials

From the ancient times, for effective healing of a wound, a suitable material had to be used to cover the
wound in order to prevent any infection. Historically, honey pastes, plant fibers, and animal fats were used as
wound dressing materials (G. Majno, 1975). The first event to follow tissue injury is hemorrhage from injured
vessels. The subsequent coagulation process produces a fibrin network that fills the wound space, attaches to the
wound surfaces and in some instances acts as biological glue keeping wound edges together. In the case of
tissue defect, the wound edges cannot be brought together and the defect is then filled by the coagulum forming
a scab which occludes the wound. The inflammatory exudate accumulating in traumatized tissues is rich in
fibrinogen, which is converted to fibrin. Fibrin is thus an integrated part of every reparative process. Application
of exogenous fibrin to wound surfaces may assist hemostasis and be positive for healing by avoiding
hematomas. Degradation products of fibrin do activate macrophages, which are an important part of the wound
cell population by contributing growth factors. It may be of great interest that the chemical structure of fibrin
has some similarities to growth factors. Indirect evidence is thus strong that fibrin plays an important role in
wound healing process (Schalag, 1986). The possible role of fibrin as a basis for ingrowing fibroblasts has often
been pointed out, but the problems involved are poorly understood. (Peacock et al 1976) There is however a
close association between migrating and proliferating fibroblasts and the fibrin network. A special feature of
fibrin both formed naturally (or) therapeutically, are that it is degraded and remodelled by cell associated
enzymatic activity during cell migration and wound healing (Ye et al 2000). Nowadays, with new biopolymers
and fabrication techniques, a wound dressing material is expected to have extraordinary properties which
enhance the healing process of a wound. For an effective design of a functional wound bandage, characteristics
of the wound type, wound healing time, physical, mechanical, and chemical properties of the bandage must be
taken into consideration. Ultimately, the main purpose is to achieve the highest rate of healing and the best
aesthetic repair of the wound (Thomas et al. 1990). To perform these varied functions in wound dressings, the
biocomposites should meet the following requirements: (1) biocompatibility with the tissues, (2)
biodegradability at the ideal rate corresponding to the rate of new tissue formation, (3) nontoxicity and
nonimmunogenicity, (4) optimal mechanical property, and (5) adequate porosity and morphology for
transporting of cells, gases, metabolites, nutrients and signal molecules both within the biocomposites and
between the biomaterial and the local environment.

It was reviewed that many of the dressings and novel polymers used for the delivery of drugs to acute,
chronic and other types of wound. These include hydrocolloids, alginates, hydrogels, polyurethane, collagen,
chitosan, pectin and hyaluronic acid. Pharmacological agents such as antibiotics, vitamins, minerals, growth
factors and other wound healing accelerators that take active part in the healing process were discussed. Direct
delivery of these agents to the wound site is desirable, particularly when systemic delivery could cause organ
damage due to toxicological concerns associated with the preferred agents. This review concerns the
requirement for formulations with improved properties for effective and accurate delivery of the required
therapeutic agents. General formulation approaches towards achieving optimum physical properties and
controlled delivery characteristics for an active wound healing dosage form are also considered briefly (Boateng
et al 2008). It was studied that the chitosan based dressings are used for hemorrhage control in the wound
management. There were two reported dressing failures that occurred with blind application of bandages up into
large cavitational injuries. Dressings were reported to be most useful on areas where tourniquets could not be
applied to control bleeding. The dressings were reported to be most difficult to use in extremity injuries where
they could not be placed easily onto or into the wounds. No complications or adverse events were reported
(Wedmore, 2006).

Natural Polymers

Recently, attention has been focused on employing natural polymers such as collagen, (Cuadrillero,
2004, Sripriya et al 2004) gelatin, (Changez et al 2004, Gyayamzadeh et al 2004) chitosan, (Jayasree et al 1995,
Minami et al 1992), hyaluronic acid (Segura et al 2005, Hahn et al 2004) and fibrin (Bence et al 1994, Sathian
et al 2003, Rothwellet al 2002) etc., to prepare biodegradable wound dressing materials. Among the above-
mentioned natural polymers, fibrin in its natural state (physiologically clotted) is abundantly available as a by-
product in meat industry. The therapeutically utilization of this fibrin is not yet properly achieved. This product
is nothing but the blood clot formed after any injury caused to the body. Fibrin behaves as a provisional matrix
and attracts platelets and monocytes to itself during healing process and plays a crucial role in wound healing
(Martin, 1997).

One of the methods adopted to enhance the biocompatibility of artificial materials, especially synthetic
wound dressing materials is the application of a thin, crosslinked, fibrin surface coating to the material. It has
been proved that the stability of the material increases if the fibrin is crosslinked (Rubens et al 1995). Hydrogels
based on physiologically clotted fibrin were prepared by us using various monomers, characterized and used
them as wound dressing materials on the experimental wounds of rats. The results have shown that these
hydrogels induced the proliferation of fibroblasts and thereby enhanced the wound healing process. In these
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studies gelatin was used as a reinforcement material, as fibrin alone could not form a continuous film
(Noorjahan et al 2004).

In the present study chitosan is used as the reinforcement material in place of gelatin as it exhibits

bacteriostatic and fungistatic activities (Tomihata et al 1997, Muzzarelli et al 1990) besides hemostatic and
tissue regeneration activities (William et al 1985). Chitosan has been examined to be used in a wide variety of
biomedical applications, such as drug delivery carriers, surgical thread, bone-healing materials, especially
wound dressing (Biagini et al 1991, Berthod et al 1993, Abhay 1998, Su et al 1997). Chitosan is a semi-crystal
polymer and its membrane has lower gas permeability in original state (Muzzarelli et al 1974). However, the gas
exchange through a wound dressing is important, because a high CO, pressure increases the acidity and slows
down the healing process, and in addition a low oxygen concentration decreases the regeneration of tissue cell
or makes possible the proliferation of anaerobic bacteria (Mi et al 2001). Hence polyvinyl pyrrolidone (PVP)-a
porogen, was incorporated into the fibrin-chitosan composite in order to increase the porosity of the material.
It was studied that the composites, in film form, containing physiologically clotted fibrin, chitosan and gelatin
were prepared and crosslinked with glutaraldehyde. A composite film prepared from the mixture of fibrin and
chitosan showed superior characteristics comparing with fibrin and chitosan films, respectively. A film prepared
from fibrin was too fragile to handle without any additive. The films were characterized for their IR
spectroscopy, water absorption capacity (WAC) at different pH conditions, mechanical properties and scanning
electron microscopy (SEM). Fibrin and gelatin films gave higher WAC values in all the pH ranges (2, 7 and 10)
studied. However, with the addition of chitosan, the WAC values of the composite decreased. This was
attributed to the crosslinking of glutaraldehyde with the hydrophilic groups available on chitosan and
gelatin/fibrin. The amount of individual constituents, which gave maximum tensile strength to the FCG
composite, was optimized. SEM pictures of the FCG have exhibited the fibrous and porous nature of the
composite (Natarajan et al 2005).

It was reported that to create a scaffold that is suitable for the construction of tissue-engineered skin, a
novel asymmetric porous scaffold with different pore sizes on either side was prepared by combining a
collagen-chitosan porous membrane with fibrin glue. Tissue-engineered skin was fabricated using this
asymmetric scaffold, fibroblasts, and a human keratinocyte line. Epidermal cells could be seen growing easily
and achieved confluence on the fibrin glue on the upper surface of the scaffold. Scanning electron microscopy
showed typical shuttle-like fibroblasts adhering to the wall of the scaffold and fluorescence microscopy showed
them growing in the dermal layer of the scaffold. The constructed composite skin substitute had a histological
structure similar to that of normal skin tissue after three weeks of culture. The results of the study suggest that
the asymmetric scaffold is a promising biologically functional material for skin tissue engineering, with
prospects for clinical applications (Chun-Mao Han, 2010).

The three-dimensional collagen-chitosan scaffolds were fabricated with type I collagen and chitosan
through freeze drying and glutaraldehyde cross-linking. Dermal fibroblasts were isolated from neonatal
Sprague-Dawley rat skin by dispase Il/collagenase | digestion. The fibroblasts were then seeded into the
scaffolds to construct tissue-engineered dermis. The microstructure of the scaffolds as well as the fibroblasts'
proliferation, cytokine secretion and cell cycle were investigated. Flow cytometry analysis indicated that cells in
the scaffolds proliferated steadily. 1L-6 concentration measurement by the ELISA test suggested that the
scaffolds could promote secretion of the fibroblasts' cytokine. These results show that the fibroblasts and the
scaffolds interact well with each other, and the fibroblasts have better proliferation ability and biological activity
in the scaffolds than in monolayer culture. The scaffolds are a promising candidate for tissue repair and
regeneration with enhanced biostability and good cytocompatibility (Sun LP, 2009).

The fast development of tissue engineering and regenerative medicine drives the old biomaterials, for
example, fibrin glue, to find new applications in these areas. It was reported that the developing a commercially
available hydrogel for cell entrapment and delivery and optimized the fabrication and gelation conditions of
fibrin gel. Fibrinogen was isolated from human plasma by a freeze—thaw circle. Gelation of the fibrinogen was
accomplished by mixing with thrombin. Absorbance of the fibrinogen/thrombin mixture at 550 nm as a function
of reaction time was monitored by UV-VIS spectroscopy. It was found that the clotting time is significantly
influenced by the thrombin concentration and the temperature, while less influenced by the fibrinogen
concentration. After freeze-drying, the fibrin gel was characterized by scanning electron microscopy (SEM),
revealing fibrous microstructure. Thermal gravimetric analysis found that the degradation temperature of the
crosslinked fibrin gel starts from 288 °C, which is about 30 °C higher than that of the fibrinogen. The hydrogel
has an initial water-uptake ratio of ~50, decreased to 30—40 after incubation in water for 11 h depending on the
thrombin concentration. The fibrin gels lost their weights in PBS very rapidly, while slowly in DMEM/fetal
bovine serum and DMEM. In vitro cell culture found that human fibroblasts could normally proliferate in the
fibrin gel with spreading morphology. In conclusion, the fibrin gel containing higher concentration of fibrinogen
(20 mg ml™") and thrombin (5 U ml™") has suitable gelation time and handling properties, and thus is applicable
as a delivery vehicle for cells such as fibroblasts (Haiguang Zhao, 2008).
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The recent efforts focused on the chemical and biological modification of chitosan in order to increase
its solubility in aqueous solutions and absorbability in the in vivo system, thus for a better use of chitosan.
Chitosan modification and its pharmaceutical/biomedical applications are summarized in a review based on the
achievements as well as the domestic and overseas developments: (1) enzymatic preparation of low molecular
weight chitosan/chitooligosaccharides with their hypocholesterolemic and immuno-modulating effects; (2) the
effects of chitin, chitosan and their derivatives on blood hemostasis; and (3) synthesis of a non-toxic ion
ligand—D-Glucosaminic acid from Oxidation of D-Glucosamine for cancer and diabetes therapy (Jiali Zhang,
2010).

It was reported that the chitosan dressing by incorporating a procoagulant (polyphosphate) and an
antimicrobial agent (silver) improve its hemostatic and antimicrobial properties. The study demonstrated for the
first time, the application of polyphosphate as a hemostatic adjuvant, and developed a new chitosan-based
composite with potent hemostatic and antimicrobial properties (Ong et al, 2008).

It was reported that the polymers are applicable as a wound dressing to protect the wound site against
unwanted external effects, inhibit wound contraction, and, if possible, stimulate the healing process. Micro- and
nanoparticulates are currently being evaluated as a potential drug delivery in clinical applications. Growth
factors also play a vital role in wound healing. Polymers used in wound healing act as sustained release vehicles
for growth factors. Controlled release of growth factors from microspheres has provided a higher degree of
healing in the wound areas. (Degim, 2008).

It was investigated that the antimicrobial mode of action of chitosan using a combination of
approaches, including in vitro assays, Killing kinetics, cellular leakage measurements, membrane potential
estimations, and electron microscopy, in addition to transcriptional response analysis. Chitosan, whose
antimicrobial activity was influenced by several factors, exhibited a dose-dependent growth-inhibitory effect
(Dina Raafat, 2008).

It was observed that the use of the chitosan has low oral toxicity and local tolerance potential
supporting use in non-parenteral formulations. Prior human oral exposure has occurred through use of chitosan
dietary supplements and food additive, medical device and cosmetic applications. Although systemic exposure
to parent chitosan may be limited (due to digestion in the gastrointestinal tract) to any that is absorbed will likely
undergo enzyme degradation to naturally occurring glucosamine, and N-acetylglucosamine, its copolymers,
which are excreted or used in the amino sugar pool. Chitosan has local biological activity in the form of
haemostatic action and, together with its ability to activate macrophages and cause cytokine stimulation (which
has resulted in interest in medical device and wound healing applications), may result in a more careful
assessment of its safety as a parenteral excipient (Paul Baldrick, 2010).

In the present study a fibrin-chitosan (FC) wound dressing material was prepared. Thus prepared FC
wound dressing was characterized for its percentage Equilibrium Water Content (% EWC), Water Vapour
Transmission Rate (WVTR), bacterial penetration, surface morphology and chemical composition. One of the
important prerequisites for the clinical usefulness of a wound dressing is its good biocompatibility. In vivo
biocompatibility and biodegradation evaluations are commonly based on subcutaneous implantation studies
(Anderson 1994). Hence the biocompatibility and biodegradation evaluations of FC wound dressing were
carried out by subcutaneously implanting the same in rats. Histological sections and Scanning Electron
Micrographs of the FC composite after implantation were analyzed.

1. EXPERIMENTAL
2.1. Materials and methods
Crude fibrin was collected from a Municipal corporation slaughter house (Chennai, India) and chitosan
was prepared from prawn shells. All other reagents used were of analytical grade.

2.2 Purification of crude fibrin

Physiologically clotted fibrin was purified as described elsewhere (Ravindra Babu et al 1989). Briefly,
the crude fibrin that was separated from fresh blood by churning was collected from the slaughter-house and
washed thoroughly under running water to remove the blood clots. Later the fibrin was treated with 0.5 M
sodium acetate solution and 20% hydrogen peroxide solution. The fibrin was then washed thoroughly under
running water and ground to a paste in a mixer. This paste contained 40% solids.

2.3 Preparation of chitosan from prawn shells

Chitosan was prepared by the modification of earlier method (Mochizuki et al 1989). The prawn shells
were cleaned thoroughly with water to remove sand and impurities. Then the shells were treated with 5%
sodium hydroxide solution for about 2h for deproteinization. The product was washed well with water and
treated with hydrochloric acid solution (2N) to remove calcium carbonate. The resultant product was chitin.
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The pure chitin thus obtained was treated with 40% Sodium hydroxide and heated in an oil bath
maintained at about 180°C for 2h. The contents were routinely checked for their solubility in hydrochloric acid
(0.1N) solution. Once the contents were dissolved in hydrochloric acid, the same was removed from the bath,
washed thoroughly with water and dried well. The resultant product was chitosan.

2.4 Preparation of Fibrin-Chitosan composite (FC)

Fibrin after purification was used to prepare Fibrin-Chitosan composite (FC). The amount of fibrin
taken was varied between 5-25 ml (40%), whereas the amount of chitosan 5ml (4% chitosan solution in 0.3N
acetic acid) and that of polyvinyl pyrolidone (PVP) 5ml (5% in water) were kept constant. To the fibrin paste,
chitosan solution and PVP solution were added and the contents were mixed and cast into a film using polythene
tray measuring 5 x 10 cm®  After drying, the film was placed in 0.2% sodium carbonate solution at room
temperature for 48 hour on a roller mixer and rinsed three times in phosphate buffer saline in order to bring the
pH of the film to 7.4. Finally, the membrane was kept in water with the bath temperature 80° C for more than
8 h to dissolve the PVP, the porogen and to generate porous membrane. By the heat treatment selective
dissolution of PVP is accelerated and the remaining matrix, which contains fibrin and chitosan, remains intact,
as they are insoluble in water. The films were dried at 60° C under vacuum, sterilized by v irradiation at 2 M
rads and sealed under sterile atmosphere.

2.5 Fourier Transform Infra Red Spectroscopy

FTIR (Fourier-transform IR) studies on the samples were carried out using Nicolet Impact 400 FTIR
spectroscopy. The Nicolet Impact 400 FT-IR is a very high end optical bench with a range of 7400-375 cm™.
The Frequency Range is 400-5000 cm™, the Spectral Resolution is 0.125 cm-1 and the Beam splitters is KBr
(375 - 7000 cm™).

2.6 Equilibrium water content

The water absorbing capacity of FC sheet is quantitatively represented by the equilibrium water content
(EWC) which is represented as the ratio of the weight of water in the hydrogel to the weight of the hydrogel at
equilibrium hydration. The EWC was measured by the weight difference between the swollen hydrogel and the
dehydrated polymer as described earlier (Corkhill et al 1994). This is expressed as

Weight of water in hydrated gel
EWC (%) = x 100
Total weight of hydrated gel

2.7 Measurement of Water Vapor Transmission Rate

The water vapor transmission rate (WVTR) was measured according to monograph of the European
Pharmacopeia (Gennadios et al 1994). It consisted of measuring the weight loss of a bottle, which contain 25 ml
water. The bottle had a mouth with a diameter of 40 mm was then put at the bottle mouth as a cap, and placed
in an oven at 35° C for 24 hour. The water vapor transmission rate was calculated as follows

WVTR = (W;-W)x10° g/m*h
Ax24
Where WVTR is expressed in g/m*h, A is the area of bottle mouth (mm?), W; and W, are the weight of bottle
before and after placed in oven, respectively.

2.8 Bacterial penetration test

Sterilized samples with diameter of 1.5cm were cut from FC wound dressings and placed on agar
plates. Subsequently, the sample was inoculated with a suspension (0.2ml) of an overnight culture of
Pseudomonas aeruginosa (10%-10° bacteria / ml) on its center. After one week of incubation at 25°C the films
were checked for bacterial penetration by using specific reagents, which promote the production of fluorescent
green pigment (Pyoverdine) and blue-green pigment (Pyocyanine) (Mi et al 2001).

2.9 Surface morphological studies
i) Light microscopy

The xerogels and hydrogels of F;C film were viewed and micrographs were taken at 10x
magnification using Nikon microscope, typel15.
if) Scanning Electron Microscopy (SEM)

The dried film (initial) and the tissues at the implant site (after 15 and 30 Post Implantation Days) were
gold coated using a sputter coater (fisons sputter) under the following conditions. 0.1 Torr pressure, 200 mA
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current and 70s coating time. Surface structure was visualized by scanning electron microscope (SEM model—
LEICA stereo scan 440) using a 15 KV accelerating volt.
2.10 AFM (Atomic Force Microscopy)

The particle size distribution of the Chitosan fibrin composite was analysed using AFM. The studies in
contact mode were carried out using an atomic force microscope (Agilent): model, Pico SPM; controller model,
Pico scan, serial no. 305-0002532; microscope model, Pico SPM, serial no. 300-0603357; software version,
Pico scan version 5.4. The cantilever was from Nova Scan Technologies: material, silicon nitride; scan rate, 2.4
um/s; scanned area, 5x5, 2x2 and 1x1 ym2; data points, 256 per line.

2.11 In vivo degradation and biocompatibility

The FC films of dimensions 1cm x 1cm x 0.06mm were implanted on the backs of Albino rats (250 £
10g). Animals were anesthetized by intraperitoneal injection with a mixture of Ketamin HCL (85 mg / kg body
weight) and Xylazine (12 mg / kg body weight). The rats were shaved and betadine solution (10%) was applied.
A 10 mg / kg dose of tetracycline was given at the time of surgery. Two incisions (approx. 1.5 cm long) 1.5cm
apart was made laterally about the mid portion of the back as represented in the schematic diagram (Fig.3.1). A
pocket was formed subcutaneously around each incision and the film was inserted. Each incision was closed by
intermittent sutures with surgical nylon thread and a No. 11 surgical blade, 0.5 cm apart. Implanted films were
explanted at 5, 10,15 and 30 days for analysis. One of the two explanted films from each rat were utilized for
doing histology while the other was utilized to take SEM micrographs. For histological studies, tissues
surrounding the implanted films were placed in 10% formalin for 48h, dehydrated serially, paraffin embedded,
sectioned and stained with hematoxylin and eosin. Samples were examined with light microscopy by an expert
pathologist to monitor the tissue reactions. For SEM studies tissues after explanting were washed with PBS and
then dried by serial dehydration using ethanol. Three samples per time point were used for the in vivo
biodegradation study.

1. RESULTS AND DISCUSSION
3. 1 Percentage Equilibrium Water Content (%EWC)

Exudate drainage ability of FC films was examined by carrying out the water absorption of the films in
Phosphate Buffered Saline solution (PBS) of pH-7.4. Table 1 shows the % EWC of the FC films. The higher
water content exhibited by the FC films between 54-66.6% would be attributed to the presence of both macro
and micro pores formed due to the presence of fibrin and selective leaching of PVP from FC films respectively.

Tabl.3.1 Results of water absorption, transmission and bacterial permeability properties of FC films

Sample | Fibrin | Chitosan | PVP Thickness | % WVTR | Bacterial

Code (ml) (ml) (ml) (mm) EWC | g/m*h Permeability
FsC 5 5 5 0.04 54.5 2118.2 | Impermeable
F1oC 10 5 5 0.06 66.6 2383.2 | Impermeable
FisC 15 5 5 0.12 61.9 2339.8 | Impermeable
F,C 20 5 5 0.17 60.9 2287.8 | Impermeable
FosC 25 5 5 0.25 56.2 2149.2 | Impermeable

Fibrin solution - 40% in water, chitosan solution - 4% in 0.3N acetic acid, PVVP solution - 5% in water

3.2 Water vapor transmission rate (WVTR)

Table 3.1 represents the WVTR exhibited by FC films. With the increase in the fibrin content of the
film, the WVTR initially increases and then decreases. The film F,C exhibited the highest WVTR and the
value being 2383.2g/m°h. The permeation of water vapour through a hydrogel consists of two steps —
adsorption and diffusion. Due to the presence of the pores the water first gets adsorbed and depending on the
thickness, diffusion takes place. The WVTR is higher for thin porous films. As F;,C has exhibited better %EWC
and WVTR the same was selected for further characterization studies.

3.3 Bacterial penetration

The in vitro bacterial penetration tests have shown that all FC wound dressings have the ability to
prevent wound from penetration of bacteria. No colour developed on the other side of the membrane after 7
days, suggesting that Pseudomonas aeruginosa does not cross the membrane (Table3.1). This impermeability
for bacterial penetration would be attributed to the inherent antibacterial property of chitosan. Hence the results
indicated that the FC films could exhibit excellent inhibition of bacteria penetration.
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3.4 Surface morphology analysis
Figure 3.1a represents the micrographs of F{,C xerogel and Fig. 3.1b represents that of hydrogel.

Interconnected macropores filled with water could be seen. The swollen strands of fibrin expanding through out
the surface could also be visualized. Fig. 3.1c represents the scanning electron micrograph of dried F,C film
(initial). It is well known that fibrin is fibrous in nature with a crosslinked system. The macropores seen on the
surface of the film is due to the presence of fibrin matrix.

Fig. 3.1Surface morphology of F1,C film a) Photomicrograph of xerogel b) Photomicrograph
of hydrogel ¢) Scanning electron micrograph (initial)
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Fig. 3.2 AFM Analyses: (10ml Fibrin and 5ml Chitosan)
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Fig. 3.4 scanning electron micrographs of in vivo degraded F,C film a) and b) represent
15" PID whereas c) and d) represent 30" PID
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Fig. 3.5 Photomicrographs of in vivo degraded F,C film taken on
a) 5™ b) 10™ ¢) 15" and d) 30" post implantation days

V. DISCUSSION
It was observed from the fig: 3.3, that peaks 3368, 2951,1649,1392,1302 cm™ which represents
the O-H, O-H, C=0 and —NO, groups. The aminoacid groups has a characteristic adsorption band in the region
of 3400-3500, cm™ which is masked by the broad adsorption band from the O-H group. At 1649, it shows that
the chitosan has highest peak, which means it is partially deacytelated product. The evidence of FTIR
measurements also points to the formation of new resonance that cannot be accounted for in a simple mixture.

(Naomi Edelman, 2004)

The FTIR spectrum of fibrin chitosan showed in the fig.3.3 the characteristic peaks of both

chitosan and fibrin. The amide adsorption bands of fibrin are seen at 1657cm™ (amide-I) and 1550cm™ (amide —
I1). The skeletal vibration involving C-O of the chitosan is seen around 1070 cm™. A broad band between
3200cm™ — 3400 cm™ represent stretching of ~OH bonds present in chitosan and fibrin. As these bands are
overlapped, it is seen as broad band. This spectrum clearly shows presence of both fibrin and chitosan.
The FTIR spectrum of chitosan and fibrin contain all the characteristics absorption peaks of chitosan and fibrin.
As there are no shifts of peaks of any groups of any group in the composite spectrum. It is confirmed that
chitosan and fibrin composite is only a mixture and no chemical reaction has taken place between the individual
components.

3.5.1 AFM Morphology

To obtain information on the micro and nano scale surface structure, tappin mode AFM imaging was
employed to determine morphology and roughness information of the composite film.  The topographical
nature of the biofilm was observed by using the AFM (tapping mode), which gave the exact view of the surface
area. The peaks below the zero point shows that there are large spaces between the two atomic structures.

3.5.2 In vivo degradation and biocompatibility

The figures 3.6a, and 3.6b give the scanning electron micrographs of in vivo degradation of FC film on
15" post implantation day (PID). Individual fibers of the network are exposed due to degradation (Fig.3.6a) and
the strands of the network are being covered with cells that phagocytized the material also can be seen Fig. 3.6b.
The 30" day SEM pictures show (Fig. 3.6c and 3.6d) that only remnants of the film can be seen and there is no
evidence for the network structure and this indicates that the film is completely degraded by the system.

The figures 3.7, which are the histological section taken on 5" PID reveals that the FC film is
surrounded by serofibrinous inflammatory exudates containing mostly neutrophils and a few macrophages. The
film appears as uniform thick layer. Eosinophilic and polymorphs were seen appearing in the edges of the
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membrane and dermis. On the 10" PID we find mostly macrophages along with a few neutrophils invading the
film and there is intense fibrovascular tissue formation around them. The 15" PID section shows that the film is
gradually removed by macrophagic action. Fibrovacular tissue is evident around the film. A few degenerated
and necrotic neutrophils were seen along the border of the film. From the 30™ PID sections it can be visualized
that the area is filled with fibrous tissue and collagen with scattered macrophages. Surface is covered by thin
layer of epithelium. Scattered and focal mononuclear cell infiltration was evident. Cluster macrophages
containing phagocytized material in the cytoplast with abundant fibroblasia and collagen deposition can also be
seen.

3.5.4 Equilibrium Water Content

From the table 3.1 it is inferred that as the fibrin content is varied the % EWC first increases then
decreases. The highest value is exhibited by F1,C. The % EWC of any film is directly related to its porosity and
the hydrophilic moieties in the system. Fibrin is a highly fibrous protein and as it contains hydrophilic groups
like -OH, -COOH- and -NH, on its backbone it acts like a hydrogel (Noorjahan et al,2004). Further the
macropores formed due to its network like structure enhances the water absorption capacity. So when the fibrin
content is increased its % EWC should increase but in this case it first increases and then decreases. It implies
that the porosity of the films also first increases and then decreases. The lower % EWC exhibited by F;5C, F5C
and F,sC films may be attributed to the increased thickness of the film with the increase in fibrin content and
thereby preventing the complete removal of porogen (PVP) during heat treatment which in turn has reduced the
porosity of the films. The ratio of fibrin: chitosan and also the thickness of the film have favoured F,C in
attaining maximum porosity and hence highest % EWC when compared to other ratios.

An ideal dressing would control the evaporative water loss from a wound, at an optimal rate. The
water vapor transmission rate for normal skin is 204g/m? per day, while that for injured skin can range from
279g/m? to 5138 g/m? per day depending on the nature of the wound. The water vapor permeability of a wound
dressing should prevent both excessive dehydration as well as build up of exudate. It was recommended that a
rate of 2500g/m? per day would provide an adequate level of moisture without risking wound dehydration. The
thickness of the FC film increases with the addition of fibrin, since the amount of chitosan and PVP are kept
constant. For the films FsC, F,,C and F,sC the leaching out of PVP is not that effective due to the increase in
the thickness of the films. Even though the thickness of FsC was lesser than that of the F,,C it exhibited lower
WVTR value. This may be due to the lower fibrin content and hence lower porosity. Hence F1,C would prove a
better dressing as far as WVTR is concerned.

The network structure in F1,C xerogel (Fig.3.2a) and hydrogel (Fig 3.2b) is retained and this indicates
that the film is porous and has space to retain water particles within the system. From the SEM photos of
xerogel it is clear that a mutual compatibility exists between fibrin and chitosan. The strands of fibrin expanding
throughout the surface could also be visualized. Micropores formed by leaching the porogen PVP ( molecular
size) could not be visualized through SEM and this can be explained as chitosan and PVP are miscible in
molecule level and extremely strong hydrogen bonding interaction exists between them (Zeng et al 2004).

The emergence of large grooves in Figs 3.2 a & b (arrow marks) and extensive rough morphology in
degraded samples indicate the progress of degradation in the hydrogels. The remnants of the film on 30" day
reveals no evidence of network structure and this indicates that the film is completely degraded by the system.

The tissue reactions observed in the rat subcutaneous model suggest a comparatively reasonable
compatibility in the physiological environment. The FC film elicited slight inflammatory responses, but there
was a total absence of tissue necrosis with no evidence of any extended chronic inflammation. It is well
acknowledged that the inflammation around the implant is a process of the normal host defense mechanism
brought about as a result of surgical implantation (Goglewski et al 1993, Ibim et al 1998). The initial
inflammatory response subsided gradually by day 10 with intense fibrovacular tissue proliferation. The adhered
macrophages can produce reactive oxygen intermediates (ions and free radicals) in response to certain stimuli
(Kao et al 1994) and these species subsequently initiate degradation at the implant-cell interface (Zhao et al
1992). Similarly, degradation and pitting of the film is attributed to release of reactive oxygen intermediate at
the FC-cell interface. Platelet aggregation on fibrin surfaces has been reported (Skarja et al 1998) and
degradation of fibrin proceeds by the action of plasmin (Bence et al 1999). Complete degradation of FC film
was observed on 30 PID and hence it is concluded that it is biocompatible, biodegradable and can serve as a
potential wound dressing material.

3.6 Conclusions

The FC films prepared using fibrin 20ml (40% solids) and 5ml of 4% chitosan solution in 0.3N acetic
acid have shown better percentage equilibrium water content (% EWC), water vapor transmission rate (WVTR)
and antibacterial penetration. This membrane was also implanted subcutaneously in the rats for its
biodegradability. The scanning electron micrographs have shown the biodegradation of FC film by 30 days. The
material has not shown any acute inflammatory or foreign body reaction at the implant site indicating that the
material is biocompatible.
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