J Polym Environ (2018) 26:1231-1238
DOI 10.1007/s10924-017-1020-7

CrossMark

@

ORIGINAL PAPER

Evaluation of Extracted p-chitosan From Loligo duvauceli
for the Preparation of Tissue Engineering Scaffolds

E. Roshan Ara Begum' - K. Bhavani! - S. Sheela Kumari' - S. Maliga Devi! -

Chidambaranathan Gowri Priya® - R. Shenbagarathai’

Published online: 16 May 2017
© Springer Science+Business Media New York 2017

Abstract Over the years, there has been a growing need
for producing cost effective, porous scaffold biomateri-
als for tissue engineering. Therefore, this study focused on
fabrication of p-chitosan based scaffold from the waste of
the pen of locally available squid variety Loligo duvauceli
(Indian Squid). The scaffold was prepared by the solvent
casting method which requires less time and minimum
energy. To the best of our knowledge,there are no reports on
scaffold preparation from the extracted $-chitosan. The bio-
logical properties of extracted chitosan scaffolds C(L) were
evaluated and compared with those of commercial chitosan
scaffold C(S). The prepared scaffolds were characterized
by SEM, swelling property, in vitro enzymatic degradation,
and hemo, biocompatibility properties. C(L) scaffolds had
an average pore size of 60 um and the swelling ratio was
16.2+2.2% with mass loss percentage of 20.8 +4.5% after
4 weeks of degradation. It has exhibited good hemocom-
patible properties and thermal stability. Mouse fibroblast
3T3 cells were able to adhere and proliferate well in the
extracted P-chitosan C(L) scaffold. All these results indi-
cated that extracted p-chitosan C(L) is a suitable alternative
for biomaterials used for tissue engineering purposes.
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Introduction

Tissues have limited self-repair capabilities and damage
to them is commonly treated by the surgical intervention
which involves autologous tissue transposition. But this is
limited by the shortage of donor tissue and donor site mor-
bidity. Regeneration of functional tissue in vitro offers an
alternative where engineered 3D- scaffold porous matrices
are utilized in tissue engineering as frameworks to seed
and grow the cells into tissues. Thus, scaffolds must be
designed with appropriate structure and properties that sup-
port cell adhesion, proliferation and differentiation to pro-
duce functional tissue [1]. The role of scaffold during tissue
construct development is dependent on the specific charac-
teristics of selected biomaterials. Polymers are exhaustively
explored as scaffolds for tissue engineering applications.
Naturally derived polymers are of special interest due to
their unique chemical and biological similarity with that of
natural tissues [2].

The marine environment is considered to be an excep-
tional reservoir and inspiring framework for the develop-
ment of novel biomedical products. One such product is
chitin, a marine biopolymer. It is the second most ubiqg-
uitous natural polysaccharide on earth after cellulose [3].
It occurs primarily as a structural component in the exo-
skeleton of crabs, shrimps, insects, cuttlebone and squids
[4]. Chitosan is obtained by deacetylation of the N-acetyl
glucosamine units of chitin. Chitosan has emerged as an
advantageous biomaterial due to the proxy structure of
glycosaminoglycan, a main component of native extra
cellular matrix in tissue that promotes cell adhesion, pro-
liferation, and cell function The unique biological proper-
ties of chitosan including biocompatibility, hydrophilic-
ity biodegradability bioactivity, non-toxicity, hemostatic
property, antibacterial and wound healing acceleration
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property [5-9]. Moreover,it has many reactive amino side
groups as well as hydroxyl groups, which offer the pos-
sibility of chemical modifications, formation of a large
variety of useful derivatives that are commercially avail-
able. Because of its exceptional biological and chemical
qualities, chitosan assures its application in biomedical
field.

Three different crystalline forms of chitosan namely «, 3,
y forms are recognized so far based on the arrangement of
polysaccharide units. The most abundant form is a where
chains are associated in an antiparallel fashion are found
in crustacean shells, whereas the less abundant -form has
parallel chains and occurs primarily in squid pens, the rar-
est y-form consists of two parallel chains alternate with an
antiparallel one. Among the three different allomorphs,
B-chitosan possess desirable tissue engineering properties
and unique functionality such as higher solubility, reac-
tivity, swelling ability toward solvents and lower crystal-
linity than a-chitosan but the commercial availability of
B-chitosan is very limited due to relatively limited source
of the raw materials used for extracting them [10] while
a-chitosan are extracted from readily accessible crustacean
shells. In the present study, p-chitin was extracted from
Indian squid (Loligo duvauceli) pens .This species of squid
was chosen because of its increased catch and also due to
enormous squid pen waste generated from south east coast
of Rameshwaram, Tamilnadu, India (an average of 304.72
tonnes of squid wastes is generated per year) [11]. Further,
the extracted B-chitin was converted to chitosan through a
deacetylation reaction. Though several reports are available
for the preparation of chitosan scaffolds using commercial
a-chitosan, the present study is focussed on the extraction
of p-chitosan from L. duvauceli and evaluation of prepared
chitosan scaffolds for tissue engineering purpose.

Experimental
Materials

Seafood waste viz pen of marine seafood variety L.
duvauceli (Indian Squid) ,was collected from Ramesh-
waram, South East Coast of India. The collected samples
were washed with tap water and sun dried for 24 h. The
dried samples were then pulverized into fine powder. Com-
mercial chitosan with medium molecular weight was pur-
chased from Sigma Aldrich (CAS 44887-7) The sample
was labelled as C(S) & C(L), where C indicates chitosan
and the alphabet provided in the parenthesis indicating the
first letter of the chemical company from which it was pro-
cured. The extracted samples were labelled as C(L), where
L indicates Lady Doak College, Madurai.
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Extraction of Chitosan from Loligo duvauceli

The extraction of chitosan from squid pen of L. duvauceli
was carried out using modified method of Takiguchi [12].
Since squid pens possess very low mineral content, dem-
ineralisation step was omitted. Other two different steps
such as deproteinization and deacetylation was carried out
for the extraction of chitosan. Deproteinization was carried
out using 1 N NaOH. The deproteinised sample was sub-
jected for deacetylation by constant stirring with 40% (w/v)
NaOH. The mixture was washed, dried and stored.

Preparation of Scaffolds by Solvent Casting

Solvent casted scaffolds were prepared by dissolving 0.2 g
of chitosan in 20 ml of 0.35 M acetic acid. The solution
was poured into a petridish and then kept in hot air oven at
45 °C till the solvent gets evaporated. Then the mixture was
neutralised by the addition of 0.5 M NaOH to obtain the
scaffolds.

Characterization of Scaffold
Scanning Electron Microscopy Analysis (SEM Analysis)

The scaffolds were prepared for the SEM by sputter coating
them with gold. It was observed under SEM, specifically
the JEOL 7000JSM 6390 Japan, with a 15 kV applied volt-
age to analyze the structure of the prepared scaffolds [13].

In Vitro Enzymatic Degradation

The absolute dry weights (W) of the chitosan scaffolds
were measured after which the samples were placed in
phosphate- buffered saline (PBS) buffer solution at a 37 °C.
To this 5 pg/ml of lysozyme was added. Then the samples
were placed in shaker with temperature set at constant
37°C for 4 weeks for the measurement of enzymatic degra-
dation. At the end of period, the scaffolds were freeze-dried
for 24 h and the weight loss ratio was calculated using the
following equation: [13]

. Wo - Wl
Weight loss (%): —w x 100 (1)

0

Three specimens were tested for each sample and their
average values were used for data analysis.

Swelling Ratio

The swelling ratio of the scaffolds was calculated by
measuring the weight of the scaffold before and after
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immersion in 0.05 M PBS buffer, pH 7.4 at a temperature
of 37°C. The swelling ratio of the scaffold was defined
as the ratio of weight increase (W) with respect to the
initial weight (W) of dry sample [14]

_ Ws_Wd
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Thermal Properties

The thermal characteristics of the prepared scaffolds was
analysed by thermogravimetric analyser (Model TGA-50,
Shimadzu, Japan) at a heating rate of 10 °C/min from 20
to 600 °C in a dynamic nitrogen atmosphere (30 ml/min).

Blood Compatibility Studies

All the procedures were carried out after ethical approval
from institutional ethics subcommittee.

Hemolysis Assay The hemolysis test was performed as
recommended by [SO10993-4 [15]. Blood was collected
in heparin-coated siliconized vials from healthy volun-
teers. The scaffolds were equilibrated in normal saline for
30 min at 37 °C before testing. These scaffolds were incu-
bated in a siliconized tube containing 10 ml of heparinized
blood. 9 ml of heparinized blood diluted with 1 ml PBS
was taken as a negative control. 1 ml heparinized blood
diluted with 9 ml distilled water without the scaffold was
taken as a positive control. The content were gently mixed
and incubated at 37 °C for 1 h. The samples were centri-
fuged and the absorbance of the supernatant measured at
545 nm using UV-visible spectrophotometer

Hemolysis (%)
[Abs (sample) — Abs (—ve control)]

x 100
[Abs ( + ve control) — Abs (—ve control)]

3)
Platelet Adhesion Test The platelet adhesion study was
performed according to International standard 10993-4
[16]. Whole blood was taken from healthy volunteer in
sterile plastic tubes containing 3.8% sodium citrate in
PBS to prevent coagulation. Samples were centrifuged at
1300 rpm for 10 min at 4°C to collect the platelet rich
plasma (PRP). The films were punched into circular shape
and placed in 24-well polystyrene plates sterilized with
75% ethanol and rinsed thrice with PBS and equilibrated
in PBS for 1 h. PRP was warmed to 37 °C for 30 or 120 min
and films were rinsed three times with PBS to remove the
weakly-absorbed platelets. The platelets on the scaffolds
were observed under the microscope after incubation.

Biocompatibility Study

Mouse 3T3 Fibroblast Culture Experiments were per-
formed with NIH/3T3 fibroblasts, obtained from Aravind
Medical Research Foundation (AMRF) Madurai, Tamil-
nadu. The cells were cultured in Dulbecco Modified Eagle’s
Medium (DMEM) (Invitrogen- GIBCO BRL, Grand Island,
NY) containing 10% fetal bovine serum (US origin from
HyClone, Logan, UT) and 100 U/ml penicillin and 100 pg/
ml streptomycin (Invitrogen- GIBCO BRL, Grand Island,
NY) at 37°C in a humidified atmosphere of 5% CO,.

Seeding of 3T3 Cells on Scaffolds To evaluate the bio-
compatibility of the scaffolds on 3T3 cells, the uniformly
cut (1 mm X 1 mm) and weighed chitosan scaffolds were
placed in a 96 well plate in triplicates. 50 ul of DMEM was
added and the matrices were kept for sterility check over-
night at 37 °C. Before seeding the cells, the scaffolds were
washed twice with PBS, once with DMEM and were placed
in 96-well plates. The scaffolds were seeded with 5x 10
3T3 fibroblast cells. Culture media was added and the cells
were cultured at 37 °C in a humidified 5% CO, incubator for
3 days after which the viability of cells was assessed using
trypan blue assay [17].

Viability by Trypan Blue Exclusion Test Trypan blue solu-
tion was prepared by dissolving trypan blue powder (Aurolab
,JIndia) in PBS to make a 0.4% solution and the dye solution
was then filtered to remove any undissolved particles. 10 pl
of the single cell suspension was taken in a 50 pl micro cen-
trifuge tube and was mixed with 10 ul of 0.4% trypan blue
dye solution. After keeping for 3 min at RT, 10 ul of the
suspension was load"ed onto haemocytometer chamber. The
viable (unstained) and non-viable (blue stained) cells were
counted separately. The number of cells per ml and percent-
age of viable cells were given by the formula:

No. of viable cells per ml

Viable cell (%) = x 100

Total number of cells per ml

Results and Discussion
Morphology of the Scaffolds

Marine organisms are constituted by materials with a vast
range of properties and characteristics that suit their poten-
tial application within the biomedical field [18]. One such
valuable material is chitosan. Chitosan C(L) was extracted
from squid pens of L. duvauceli (Mol wt —3.09x10° g/
mol) (Fig. 1). The extracted chitosan was characterised
by several physico chemical characterisation techniques
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to confirm its suitability to be used as the biomaterial for
biomedical applications. Chitosan scaffolds are considered
to be promising materials for the design of tissue engi-
neered systems owing to their low immunogenic activity,
controlled biodegradability and porous structure [19-21].
Thus, chitosan scaffolds were prepared by solvent casting
method (Fig. 2). It is an appealing choice of method for
scaffold production since it helps in the production of scaf-
folds with uniform thickness and optically clear in nature.
Moreover, this technique is performed feasibly on a small
scale.

The morphology and porous nature of the scaffold is an
important parameter to be considered when its application
for tissue engineering is envisaged. It is suggested that the
pores formed on the scaffolds influence both the mechani-
cal and biological property of the scaffold since it helps in
the diffusion of nutrients to the cells when they are grown
on them. If pores are too small in the scaffolds cells cannot
migrate towards the center of the construct limiting the dif-
fusion of nutrients and removal of waste products whereas
if the pores are too large there is a decrease in the specific
surface area available thereby limiting cell attachment [22].

In order to assess the surface morphology and the pore
size of the scaffolds, SEM analysis was performed. The
SEM micrographs of C(S) revealed irregular, smaller,
mean pore size of 4-20 um (Fig. 3). Mean pore size is
an essential aspect of scaffolds for tissue-engineering. If
pores are too small, cells cannot migrate in towards the
centre of the construct limiting the diffusion of nutri-
ents and removal of waste products. The prepared C(L)
scaffolds exhibited a uniform, high degree of intercon-
nectivity porous microstructure with a mean pore size of
20-60 pm (Fig. 4). The scaffold with pore microstructure
and the high degree of interconnectivity provides cellu-
lar matrix analog that could function as necessary sub-
strate for host cells to infiltrate and a physical support to
guide the differentiation and proliferation of cells toward

Fig. 1 Chitosan C(L) extracted from squid pens of Loligo duvauceli
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Fig. 2 Scaffold prepared by solvent casting method

the targeted functional tissue or organ [23]. Moreover, a
tightly controlled pore sizes of 30—40 pm in diameter vas-
cularizes rapidly in vivo with reduced fibrotic response
[24, 25]. The results suggest that the average pore size
of the prepared C(L) scaffold is large enough to facilitate
the migration of mammalian cells.

In Vitro Enzymatic Degradation

Scaffolds for tissue engineering,depending on their com-
position, are usually expected to degrade after successful
tissue regeneration [26]. The degradation behaviour of
polymer scaffold is tested in vitro, to predict their in vivo
behavior when implanted. Thus, it is important to study
the structural stability of prepared C(L) scaffolds in order
to characterize their potential for application in tissue
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Fig. 3 SEM micrograph of C(S) scaffold
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Fig. 4 SEM micrograph of C(L) scaffold

engineering strategies in vivo. Chitosan is degraded by
enzymatic hydrolysis with lysozyme being the primary
agent. This enzyme is present in human serum with a
concentration in the range of 7-13 mg/l [27]. Thus the
prepared scaffolds were incubated with lysozyme for 4
weeks. The weight loss percentage of the C(L) scaffolds
was found to be 20.8 +4.5% whereas for C(S) 36 +5%
respectively (Fig. 5). A lower degree of degradation is
due to the fact that the extracted chitosan had a higher
degree of deacetylation causing lysozyme to have mini-
mal effect on the polymer degradation. It is suggested
that the crystalline nature of high DDA chitosan pre-
vents lysozyme from easily accessing the glycosidic
bonds between the polymer chains, resulting in slower
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Fig. 5 In vitro enzymatic degradation study of scaffolds

degradation [28, 29]. Furthermore, the binding site of
lysozyme requires a certain number of acetylated resi-
dues to be present for degradation [30, 31]. Moreover,
since the pore size of C(L) scaffolds was in the range of
20-60 um only smaller area was available for lysosome to
enter thus few chitosan molecules will be cleaved by lys-
osome. The chitosan matrix with the high degree of acet-
ylation gets broken into pieces after few days of lysozyme
treatment whereas the matrix with a low degree of acety-
lation remains relatively constant for a long time [32-34].

Swelling Ratio

The ability of a material to absorb water and its water per-
meability influence the absorption of body fluids and the
transfer of cell nutrients and metabolites throughout the
materials [35]. The absorption ability of the scaffolds was
determined by swelling ratio. The swelling ratio of C(L)
and C(S) scaffold were 16.2+2.2 and 26 +0.8% respec-
tively (Fig. 6). The swelling ratio of C(L) scaffold was
lesser compared to commercial C(S) scaffold. The low
swelling ratio of C(L) scaffolds is attributed to the fact that
the high inter-pore connectivity resulted in enhanced rigid-
ity and strength to the scaffolds, allowing it to absorb solu-
tion without swelling.

Thermal Property of Scaffold

Thermal stability is considered to be a crucial parameter
that describes the decomposition of biomaterials during
heating. The higher the temperature needed to decompose
a biomaterial, the more thermally stable it is [36]. The ther-
mal degradation of the C(L) chitosan scaffolds was meas-
ured using the thermogravimetric method (TGA) (Fig. 7).
The thermal degradation of chitosan scaffold occurred
in two stages, the initial degradation occurred around
30-90°C and displayed a mass loss ratio of 10%. It is
thought that mass loss is due to the result of the evaporation
of water molecules in the structure. Polysaccharides usually
have a strong affinity for water and in the solid state these
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Fig. 6 Swelling properties of scaffolds
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Fig. 7 Thermal degradation of the C(L) chitosan scaffolds

macromolecules are disordered structures which can be
easily hydrated. The hydration properties of this polysac-
charide mainly depend on the primary and supramolecular
structures [37]. The second stage of degradation occurred
around 120-230°C and the mass loss was observed to be
29% which is attributed to vaporization and burning of vol-
atile compounds produced by the thermal degradation of
polymeric chain which involves degradation of the polysac-
charide structure of the molecule, including the dehydra-
tion of saccharide rings followed by the polymerization and
decomposition of the acetylated and deacetylated units. The
maximum temperature of degradation (DTGmax value)
for C(L) was observed to be 300°C. It is reported that the
main degradation temperature of chitosan is around 300°C
[38, 39]. According to these, it is evident that C(L) chitosan
scaffolds exhibit significant thermal stability and they can
withstand temperatures without affecting its physicochemi-
cal properties.

Blood Compatibility Studies
Hemolysis Test

The biocompatibility, especially blood compatibility, is
the most important property with regard to biomateri-
als. When the polymeric scaffold comes in contact with
blood it must not induce thrombosis, thromboembolisms,
antigenic responses, destruction of blood constituents,
plasma proteins, and so forth [40]. Hemolysis test was
done to determine the extent of exosomatic hemocy-
tolysis of the biomaterial. The absorbance values of the
positive and negative controls were 1.66 and 0.02. These
values are regarded as O and 100%, respectively, when
calculating the relative red cell toxicity. The hemolysis
rates of C(L) and C(S) scaffold samples were 1.8+0.3
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and 2 +0.15%, respectively. In our investigation, the val-
ues obtained for hemolysis test are lower than the crite-
rion set by ISO 10993-4 (reference <5%), which strongly
suggests that these scaffold materials have no potential to
induce hemolysis.

Platelet Adhesion Test

Platelet adhesion ability of the scaffolds was explored
in order to determine the hemocompatibility of the scaf-
folds. When a foreign material comes into contact with
blood, the initial blood response is the adsorption of
blood proteins, followed by platelet adhesion and the
activation of coagulation pathways, leading to thrombus
formation [41]. In the present investigation, platelet adhe-
sion was completely inhibited in C(L) scaffolds (Fig. 8)
whereas C(S) showed reduced adhesion (Fig. 9). This is
attributed to the fact that chitosan induces strong inter-
actions with plasma proteins and this interaction inhib-
ited the adsorption of other procoagulant and proadhesive

Fig. 8 Confocal microscopic image of platelet adhesion on C(L)
scaffolds

Fig. 9 Confocal microscopic image of platelet adhesion on C(S)
scaffold
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Fig. 10 Deformation and shrinkage of C(S) scaffolds. (Color figure
online)
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Since it was not possible to seed the 3T3 cells on the shrunk C(S) scaffold, the
cells were seeded onto the regular petri dishes as controls. The percentage of
viability of 3T3 cells were comparable

Fig. 11 Cell viability assay of C(L) scaffolds

Fig. 12 Microscopic image of
cell adherence and trypan blue
assay for mouse fibroblast 3T3
cells on C(L) scaffold. (Color
figure online)

proteins on scaffolds which limited the platelet adhesion
on the surface [42].

Biocompatibility Testing Using 3T3 Fibroblast Cells
Cell Attachment on Scaffolds

Cell viability is an important parameter in tissue engineer-
ing and culture studies to evaluate the effect of environ-
mental conditions on cell behavior [43]. Trypan blue dye
exclusion method is a simple, rapid and inexpensive and
commonly used method to assess cell viability. Trypan blue
is a vital stain that leaves nonviable cells with a distinctive
blue color when observed under a microscope, while the
viable cells appear unstained. Viable cells have intact cell
membranes and hence do not take up the dye. On the other
hand, nonviable cells do not have an intact and functional
membrane and hence take up dye from their surroundings.
Hence in the present study cell viability and biocompat-
ibility assessments were carried out using the trypan blue
assay. The cells were cultured on the both C(L) and C(S)
films for 3 days, and the cell morphology,adhesion, viabil-
ity, proliferation were determined. The prepared C(S) scaf-
folds underwent shrinkage with deformation due to higher
water absorption ability (Fig. 10) and also due to decreased
pore size cells. The attachment of the fibroblast 3T3 cells
onto the prepared C(L) scaffold took 4 h after seeding of
cells. Trypan blue dye exclusion analysis of the cultured
3T3 cells revealed proliferation and viability (92.5+1.5%)
after 72 h when grown in C(L) scaffolds (Fig. 11). In trypan
blue assay C(L) scaffold materials exhibited very good bio-
compatibility with decreased cell death. Results of trypan
blue assay with mouse fibroblast 3T3 cells showed that sol-
vent casted C(L) supported the adhesion and proliferation
of more number of cells (Fig. 12). The results are in agree-
ment with previous reports suggesting that chitosan based
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biomaterials can serve as a potent candidate as scaffolds for
skin substitutes due to its physico chemical and biological
properties [44].

Conclusion

In recent years, chitosan has emerged as a promising bio-
material for the biomedical application due to its natural
origin and structural similarity to glycosoaminoglycan pre-
sent in native tissues in addition to its biocompatibility and
biodegradability. Though much of the research work has
been carried out using a-chitosan but the use of p-chitosan
as potential scaffold biomaterial is limited.The present
study was attempted to utilize extracted P-chitosan from
Squid pen waste of L. duvauceli for scaffold preparation.
The scaffolds prepared showed desirable tissue engineering
properties. Further work will be carried out to determine
the cytocompatibility of the scaffolds.
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