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ELABORATION AND PHYSICAL, CHEMICAL AND
BIOLOGICAL CHARACTERIZATION OF NEW CHITOSAN
AND GELATIN MEMBRANES

Elena BERTEANU', Daniela IONITA*", Maria PARASCHIV?, Agnes
APATEAN (TOMA)*, Manuela SIDOROFF’, Tordachel Catalin®, Luminita
TCACENCO’

The paper is focused on elaboration and physical chemical and biological
characterization  of new membranes based on chitosan and gelatine. The
membranes were prepared using two gels chitosan and gelatin, in molar ratio 1:1
and 1:3. The surface characterization includes scaning electronic microscopy
(SEM),, water absorbtion, and determination of contact angles. As biological tests
hemolysis and biodegradation were performed.
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1. Introduction

Due to its antimicrobial, non-toxic, biocompatible and biodegradable
properties [1] chitosan, a cationic natural polymer, has been widely used as a
topical dressing in wound management owing. Gelatin is the product of thermal
denaturation of insoluble collagen [2] with various molecular weights (MWs) and
isoionic points depending on the source of collagen and the method of its
manufacturing process of recovery. Collagen exists in many different forms, but
gelatine is only derived from source rich in Type I collagen. Gelatine was
employed as biomaterials more recently [3]. Many materials have been used to
improve the chitosan membrane, such as nanowhiskers [4] PVA-poly-(vinyl
alcohol) [5], or collagen [6]. Being a component of bone collagen is well known
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as a main component of extracelular matrix as well. Biomaterials, such as
Chitosan and Gelatin, are frequently used in prosthetic devices designed to replace
or support failing tissues or organs in patients having a friendly response in the
surrounding tissues in terms of biocompatibility. As a demerit of chitosan
properties it is to mentioned its poor mechanical properties and low thermal
stability, which limits its practical application.

Blending of chitosan with other polymers and crosslinking are both convenient
and effective methods of improving the physical and mechanical properties of
chitosan in bioapplications [7, 8]. The present paper is focussed on such
biomaterials which present a special feature in water adsorption phenomena,
interstingly exploited in bioapplications as dressings, adsorbent, supports for the
gradual release of drugs or used as biocompatible coatings for implants.

2. Materials and membrane characterization

2.1 Materials: Chitosan (CHI) obtained from crab shells, with molecular
weight M=150,000 and degree of deacetylation DD = 84.5% (Fluka BioChemika),
viscosity high, <12% loss on drying (Sigma Aldrich). Gelatine (GEL) the dermis
and tendons of, (Fluka BioChemika). (Merck), Bacterial collagenase
Clostridium histolyticum, E.C. 3.4.24.3. (Sigma), Sodium acetat, acetic acid were
all of reagent grade.

a) Preparation of chitosan gel :

1% chitosan gel was prepared using 1 g of chitosan diluted in acetic
solution (acetic acid 2M and sodium acetat IM) and stirred with the magnetic
agitator at 50°C till a homogenous gel (pH=5.4) was obtained.

b) Preparation of gelatin gel:

1 gram of gelatin powder was soaked in 100 mL deionized water and
heated at 60°C until a homogenous gel was obtained. The solubility of gelatin in
aqueous solutions is temperature dependent. The appropriate mass of gelatin was
added to the appropriate volume of deionized water at ultimately, the gels is
prepared for immediate use. In the case where there is left over gels, it is stared in
a refrigerator and headed before use.

c) Elaboration of biopolimeric membranes. Four types of samples were prepared
as following: a: CHI; b: GEL; c: CHI:GEL (1:1), d: CHI:GEL (1:3),

As references chitosan and collagen membranes have been fabricated.

After stirring vigurously for 30 minutes, the mixtures were placed in Petri
vases and heated at 37°C, for 48 hours. Finally semitransparent and semielastic
membranes have been obtained.

2.2. Membrane characterization.
a) Fourier Transmission Infra-Red Spectroscopy (FTIR)
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The FTIR spectrum of the chitosan-gelatin membranes was obtained using a FTIR
analysis using a Perkin Elmer Spectrum GX (FT-IR system). All spectra were
recorded within a range of 4000500 cm-1 with a 4 cm-1 resolution. All
measurements were performed in a dry atmosphere at room temperature.

b) Microscopy investigation: Scanning Electron Microscopy (SEM)
For microscopic investigation a SEM Hitachi SU1510 was the equipment of the
surface characterization of Chitosan-Gelatin films.

c) Swelling Behavior (Es)

The swelling behavior was investigated using rectangular samples of ~ 20
mm x 20 mm by a gravimetric method. Each sample, after submersion in
phosphate buffer saline solution (PBS-pH 7.4), (0.8 g NaCl; 0.2 g KCI; 1.44 g
Na,HPO,4 2H,0 and 0.2 g KH,PO, dissolved in 1 L of distilled water; pH 7.2 ) for
24 hours, was taken out and placed between two pieces of absorbent paper to
remove excess PBS. The degree of swelling (%) was calculated according to:

_WS_W
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where: Egis the equilibrium Swelling ratio
W5 and Wp, denote the weights of swollen and dry samples, respectively.

d) Contact angle measurements

The hydrophilic/hydrophobic balance of synthesized membranes was
evaluated by measuring the static contact angle of a drop of water deposited on
the membranes surface. The contact angle (CA) of a drop of water with the
membranes surface was measured as previously described [9, 10] with a contact
Angle Meter, KSV instruments CAM 100 equipment. The water contact angle
measurements were conducted at room temperature. Distilled water was used at
the wetting liquid. Each experiment was conducted in triplicates and the mean
values were computed.

e) In vitro membranes biodegradation

In vitro biodegradability of membranes have been determined in the
presence of Bacterian Colagenase (Clostridium histolyticum, E.C. 3.4.24.3.
Sigma) according to a protoccol established in the Department of Molecular and
Celular Biology in the frame of National Institute of Research and Development
for Biological Sciences, Bucharest. [11].

f) Hemolytic study

Hemostasis ability by fragility of RBC membranes in contact with
absorbable gelatin sponge was investigated according to the ASTM-F75600 [12].
For hemolytic study an anticoagulant blood was prepared by adding 1 mL of
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anticoagulant acid citrate dextrose solution (ACD) to 9 mL of fresh blood.
Biopolymeric membranes were cut into appropriate pieces (3 c¢cm?) and then
transferred to polyethylene tubes. One mL of whole blood was added to tube and
diluted by 7 mL phosphate buffer. The solutions were then incubated at 37°C for
72 min. After incubation, the PBS was removed and 1mL ACD blood (9.02
mg/mL) was added to each sample and maintained at 37°C for 3 h. Following
this, they were centrifuged at 800 rpm for 15 min. The supernatant was then taken
for hemolytic studies. Positive and negative controls were prepared by adding the
same amount of ACD blood to 7mL of water and PBS, respectively. Absorbance
at 540 nm for the bipolymeric membranes and control were determined by UV—
VIS Jenway Spectrophotometer. The percentage of haemolysis was calculated
using the equation described in a previous paper [13].

3. Results and discussions:

a) FTIR structure of all studied membranes can be seen in Fig.1.
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Fig.1. FT-IR spectra of membranes chitosan, gelatin and chitosan:gelatin

The IR spectrum of the chitosan has a peaks observed at 3454 cm™ due to
OH group and the band at 2876 cm™ and 1026 cm’, indicated aliphatic C-H
streaching and C-O-C stretching vibrations respectively [14]. On the other hand,
the peak at 1643 cm™ has been attributed to C=0 stretching (amide I). The band at
1584 cm™ was assigned for NH bending for the NH, groups on chitosan. [15]. The
peaks observed at 1419, 1376, and 1318 cm™ may be due to C-H stretching.

Gelatin film revealed absorption bonds at 3285 cm™ corresponding to NH
stretching vibration 3085 cm ' for alkyl C—H stretch, 2956 c¢cm ' for CH,
asymmetrical stretching, 1631 c¢cm™' for C=0 stretch/HB coupled with COO-,
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band at 1533 cm' for N-H bend coupled with CN stretch, 1444 cm™' for CH,
bend, 1240 cm ' for NH bend, and 1078 cm ' for C—O stretch. [16].

The FT-IR of composite membrane exhibited a mixture of characteristic
absorptions due to the amine groups of chitosan and the carboxylic acid groups of
gelatin. The peaks of amide I for chitosan at 1643 cm™' and 1584 cm™ was
shifted to 1639 cm ' and 1537 respectively in composite membranes. In
composite membranes spectra the amino band at 1533 cm’' characteristic for
gelatin shifted to 1634 cm™, and a carbonyl peak shifted to 1537 cm™. The
intensity of C = O peaks increased with the decline ratio of gelatin in composite
membranes from 1:3 to 1:1 (chitosan/gelatin). These results can be attributed to
the interaction of -~NH;" of chitosan and the COO— of gelatin. [17].

b) SEM

In general, porosity, pore size and orientation of porous scaffold were
indispensable elements of biological activity of biomaterials having an open-
pored structure. The surface topography of membranes are illustrated in Fig 2.

CHI:GEL (1:1) (c) CHI:GEL (1:3) (d)
Fig. 2. SEM micrographs of membranes
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Fig. 2a shows the SEM micrograph of pure chitosan membranes. The
morphology shows a smooth surface because the sample was prepared in thin film
form. The morphology shows some small precipitate on the specimen which may
be some un-dissolved chitosan or chitosan crystal.

The SEM of gelatin membrane (b) showed fiber-like structure. For
chitosan:gelatin membranes (c, d) showed membrane-like structure with
interconnected pores.

¢) The equilibrium Swelling ratio (Es)

The swelling ability of membranes plays an important role during in vitro
culture. When the membranes was capable of swelling, it allowed the pore sizes to
increase in diameter thus facilitating he cells not only to just attach but also to
migrate inside the membranes and grow in a three dimensional fashion, during in
vitro culture studies.

The swelling studies of the membranes in PBS were shown in Fig. 3.

swelling ratio

CHI/GEL 1:1 CHI/GEL1:3 GEL CHI

Fig.3. Swelling ratio of the membranes in PBS

The high water content in prepared sponges was explained by the
hydrophilic and swelling properties of gelatin [18].

d) Contact angle measurements:

Table 1 showed that contact angle of all membranes. There was significant
difference between contact angle values of pure chitosan membranes and
chitosan-gelatin 1:3. Contact angle values decreased with increasing content of
gelatin membrane. The decrement of water contact angle confirms the successful
hydrophilic modification on the support membrane enrichment of gelatin to the
membrane surface. Roughness is high for membranes with GEL.
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Table 1
Contact angles and roughness values for biopolymeric membranes
Sample/composition | Roughness CA
GEL gels 86 32.37
CHI gels 36 64.01
CHI-GEL (1:1) 64 50.07
CHI-GEL, (1:3) 58 48.56

It is worth noting that films with higher moisture contents had lower
contact angles, indicating more ability to absorb water and so that higher
hydrophilicity. Therefore, contact angle results were in good agreement with the
results obtained in the swelling ability.

e) Membranes biodegradability evaluation in vitro

The biodegradability of biomaterials such as chitosan-gelatine membranes,
plays an important role in tissue engineering. This process can affect many
processes including tissue regeneration and host response [19].

Data about elaborated membranes biodegradability are presented in Fig.4.

L.

CHI-GEL ZHI CHI-GEL GEL
() Membranes [1:3)

Eiodegradability (%)

Fig. 4. Membranes biodegradability in vitro.

The results have indicated a high biodegradability level as 8,76 %. for
membrane chitosan-gelatine.

f) Hemolityc studies

Hemolysis is regarded as an especially significant screening test, once it
provides quantification of small levels of plasma hemoglobin, which may not be
measurable under in vivo conditions. According to ASTM F 756-00 (2000)
materials can be classified in three different categories according to their
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hemolytic index (hemolysis %). Materials with percentages of hemolysis over 5%
are considered hemolytic; while the ones with hemolytic index between 5% and
2% are classified as slightly hemolytic. Material which a presents a hemolysis
percentage below 2% it is considered as a non-hemolytic material.

Table 2
The hemolysis index values for all membranes.
Samples Haemolityc percent
Chitosan 2,64
Gelatin 0.86
Chitosan-gelatin 1:1 1.68
Chitosan-gelatin 1:3 1.12

The results indicate that the chitosan membranes are slightly hemolytic
and chitosan-gelatin membranes are non hemolytic compounds and compatible
with human body. Addition of gelatine on chitosan membranes decreased the
hemolytic index to less than 2%, so the presence of gelatine is beneficial from this
point of view. The reduction of hemolytic effect is directly proportional with
surface roughness mentioned in table 1.

4. Conclusions:

Based on experimental data, a comparison between structure and
properties of membranes as a function of ratio chitosan gelatin have been
discussed. The paper presented a method for elaborating and characterizing
chitosan-gelatine membranes with various ratios of chitosan and gelatin. The
structure and morphology were characterized using FTIR and SEM. The effect of
increase of gelatine addition in membranes may be explained according to reduce
the surface roughness and accordingly the contact area between the blood and the
membranes surface. The increase of gelatin content improved the swelling ration
contact angle, and hemolysis index recommending this membrane as a better
choice for cell response.
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