CHAPTERIIT

LITERATURE REVIEWS

In this chapter, the literature reviews are s ed into 3 parts as follows:

1. Influence of scaffolds om n-,,,.;;"‘ ound@

2. Processing parameters forseaftold fabricanes

3. Characterization of ¢g 5 v Apan/chitosan, and chitosan scaffolds.
1. Influence of scaffolds on

In 1996, Pachence md the use of collagen for
re. Collagen-based medical

ue repair. Collagen has become

soft tissue repair, particularly,
devices have a major impact i thé _

the biomaterial of choice for a numb; ﬁ" ' n edical applications because of
several reasons as follows

sae

e Know-how for o ing large quantities of medim grade collagen is well

developed.

e There are ﬂuueﬂfgtmsﬂdmlﬁ wxﬂﬂ;ﬂﬁ of which are well
: Cﬂsﬁ%&ﬁ AGRRRAGN YA Y

. Colla en can be produced in forms that are easily used in minimally invasive
procedures.
e The understanding of its role in wound healing, metabolism, and catabolism,

and the interaction between cells and collagen has been greatly improved.

The collagen implants are populated with a number of cell types, including

macrophages and an occasional giant cell, but primarily with fibroblasts. It has been
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found that new collagen production by fibroblasts is increased when the cells are
bound to an extracellular matrix, such as implanted collagen. The implanted collagen
sponge remains for 3-6 weeks on average (depending on the degree of crosslinking),
until it is degraded into peptide and amino acid components by the fibroblast-
produced collagenase. The implant is then remodeled and replaced by fibroblast-

derived native type I collagen. But more importantly, wound contraction at the

collagen-treated wound site is sig d compared with the control or the
dressing treated sites. Collagen 5ponges, and fleeces has a long
established clinical histo lagen sponges present an
additional benefit for soft tis et strength allows for suturing
the material to soft tissue, p ssue in growth. It has been
well documented that b course that was identical
to normal wound h degraded through native
enzymatic pathways that amino acid residues. Animal
and clinical testing of coll ickness or partial thickness

collagen peptide fragments are a‘ » | the wound healing mechanism, which
is a significant adveﬁageﬁ Gv-e-}:;ﬁ _ 15 3ed i ey~commercially available
products (gauze, hydrogolioids; aiginates; ef E re) collagen-based wound
dressings sﬁould experi%e esp car fi Ire.

ek HBAUNINE N T
e A RS TATT e

conventional freeze drying process for fabricating CG scaffolds creates variable

cooling rates throughout the scaffold during freezing, producing a heterogeneous
matrix pore structure with a large variation in average pore diameter at different
locations. Scaffold heterogeneity has been shown to lead to variable cell adhesion and
to affect the ability of the cell to produce a uniform distribution of extracellular matrix
proteins. The scaffold synthesis process was modified to produce more homogeneous

freezing by controlling the rate of freezing during fabrication. The rapid and
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uncontrolled quench freezing process was typically used in fabricating porous
scaffolds via freeze drying results in space- and time-variable heat transfer through
the suspension, leading to non-uniform nucleation and growth of ice crystals and,
ultimately, scaffold heterogeneity. The CG scaffolds were fabricated from a collagen-
glycosaminoglycan suspension contained 0.5% (w/w) collagen and 0.05% (w/w)
chondroitin-6-sulfate using a freeze drying method. The CG suspension was frozen at

were sublimated under vacuum or perlod of 24 h. The constant

cooling rate technique with 2 fréCzitg time © min which was corresponded to

cooling rate of 0.9°C/min broved freezing homogeneity
compared to the quenching were compared, it was
apparent that using the e, the pores were more
uniform in size and shape, and fio pore size, pore structure
or alignment was shown Is had a small difference in
pore size between the longitud ) and transverse (94.5 + 13.9 um)
planes

In 2005, O’ 5;,' 2] studie: effect of pore size on cell
adhesion in collagen-glycpsaminog scaffo ds‘]}' o study the relationship

between cell attachment-agdn\.'iability in scﬂolds and the scaffold structure, CG

scaffolds with foﬂd%xﬂ @eﬂ%ﬁrﬂ% fo];ﬂﬁs-of specific surface

area (at fixed cofposition and solid volume fraction (0.005)) were manufactured

o A RT7R )/ (031 0

chondroitin-6-sulfate (0.05% (w/w)) isolated from shark cartilage in a solution of 0.05
M acetic acid (pH 3.2). The CG suspension was frozen using the same constant
cooling rate, but difference in the final temperatures of freezing (-10°C, -20°C, -30°C
and -40°C) were used to produce porous scaffolds with four different mean pore sizes.
All CG scaffolds were then crosslinked via a dehydrothermal process at a temperature
of 105°C under a vacuum of 50 mTorr for 24 h. Scaffolds fabricated at a final
temperature of freezing of -40°C, -30°C, -20°C and -10°C were determined to have a
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mean pore size of 95.9, 109.5, 121.0 and 150.5 pm, respectively. For scaffolds
produced at freezing temperatures of -40°C, -30°C, -20°C, no significant difference
was found between the mean pore sizes in the transverse and longitudinal planes. A
significant difference in mean pore sizes of the longitudinal (163.9 £ 31.6 um) and
transverse (130.4 + 20.6 um) planes was observed for CG scaffolds produced at a

final freezing temperature of -10°C due to a predominant direction of heat transfer

during the freezing process. The of the scaffolds had a significant
ffolds with the smallest mean

attached to the scaffolds at

effect on cell attachment after
pore size (T¢= -40°C) over
24 and 48 h compared to apps at remained attached to the
scaffolds with the largest me#! >
cell attachment was found bétweéed the infefmediate ‘seaffolds (Tr = -20°C, -30°C)
with approximately 30%0f cg | aining attaghed after both 24 and 48 h groups. As

all scaffolds were fabricai€d fro: the:s me stock €G suspension, the density of

ey Y %
ligands available for bindingfon. aéﬁ * n’“ 3s assumed to be proportional to the
scaffold specific surface; the pe if] - S as calculated to be inversely
proportional to the mean pore size, T sing cell viability with decreasing pore

size would not be equ%dﬁ? S pore size v eventually drop to the point

3. Characterization of collagen, collagen/chifosan and chitosan scaffolds.

AULINEUNINEING

In 1989, Y finas and coworkers ‘142] studied the synthesis and characterization

o e T P gy g e
skin. nghlq porous and cro«h n-glyco m copolymers

have induced morphogenesis of skin when seeded with dermal and epidermal cells

and then grafted on standard, full-thickness wounds in an adult guinea pig. These
chemical analogs of extracellular matrices were morphogenetically active providing
the average pore diameter ranged between 20 and 125 pum. The resistance to
degradation by collagenase exceeded a critical limit, and the density of analogous
dermal and epidermal cells inoculated was more than 5 X 10° cells per cm? of wound

area. Unseeded copolymers with physical structures that were within these limits



55

delayed the onset of wound contraction by about 10 days. Seeded copolymers not
only delayed contraction but eventually arrested and reversed it while new skin was
being regenerated. Morphogenetic activity was shown that both CG copolymers and
seeded CG copolymers possessed values of the mean pore diameter and enzymatic
degradation rate. When grafted with CG copolymers that was seeded with at least 5 X
10° cells per cm?’ of graft area, the wound 1mt1a11y displayed contraction kinetics that
were roughly similar to those o

maximum and eventually slo&,

change between days 35 an

contraction rate then reached a

d perimeter showed almost no
enmeter expanded at a rate
2 a.mmal until it asymptotically

f- ‘the control of mean pore

_..0 ] 1"\
5y fh

significantly in excess of € D@

reached 72 + 5% of the origifal ol g

diameter by appropriate copffolfof freeze d \ \. itions was a very effective
procedure for delaying omSetfo wo ontre » 10 he degradation-rate could
also be manipulated by g hy L.C “crosslinking \ affected the kinetics of

contraction independently frofn

In 1996, Geesin and cowo ) S Co pared skin model system (SMS)

and living skin equl\(ﬁnt (LSE) in ' matrices eir ability to use as a
ermis 7 al cells. Skin model

system or SMS was den@d or the'n ataming k@ﬁnocytes and living skin
equivalent or LSE was manpf ed by mixi 1v1ng human fibroblasts with soluble

collagen under ﬁ:%&] @e&ﬂtﬁ ‘ﬁ@ lwrﬁ{]aﬂeﬁ Three-dimensional

collagenous matrigés were prepared from lyophilization of 3% (w/w) collagen

AL AT
matrices were seal d sterilized" oamma d of ®Co

o

and stored in a dry state. Dermal equivalents were prepared by adding 1 ml of cell
suspension in cell culture medium containing 1.0-1.4 x 10° cells and 2 ml of the same
medium into 1 ml of rat tail type I collagen at a concentration of 2.5 mg/ml in 10 mM
acetic acid. The cell suspension-collagen solution was poured into a 35 mm petri dish
and incubated in a 37°C tissue culture incubator in 5% CO, for 5 days to allow
contraction to occur. The matrices that were crosslinked by the dehydrothermal

technique, achieved cell numbers of approximately 70% of those achieved on plastic

.
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after 7 days. Human keratinocytes were cultured on the collagen matrices produced
and on LSEs. In human neonatal foreskin, a dermal layer consisting of connective
tissue and fibroblasts was apparent over a stratified epidermal layer containing
keratinocytes of varying degrees of differentiation. When keratinocytes were cultured
on dermal equivalents for 10 days, stratified layers similar to those seen in foreskin

were evident. When collagen sponges with fibroblasts were first used as a support for

layers were formed. Epiderma ace of the matrix and within

open spaces exposed to the surf: developed was designed to

be 50-300 pm in which the smz g $iZe - d be found on the container exposed

en seeded and grown on

. 5 h\ \\ e conditions, the epidermal

% skin with the epidermal

the container exposed
component of the model

cells differentiating as thg a substrate for epidermal

development, the epidermal _ odel system was almost the
same as that seen in the LSE gl >, hick »' $tand Stratified layers). The ability of
crosslinked collagen matrix was d : __ 10 scrve as a substrate for the assembly
of an in vitro skin mod e “ompares favor iving skin equivalent and

normal skin.

In 1996, Taravel ‘and Domard [44L investigated some biological and

mechanical pro ﬂ q mﬁﬁcollagen and high
molecular welght Qlly deacetylat tosan dep on the condltlons formed

complexe.a ﬁ y hydrogen
bonding. lnm1a mimg m aﬂﬂm of chitosan
in the complex was relatively low (approximately 10%) and it was difficult to
conclude whether chitosan prevented collagen digestion by collagenase or not. On the
contrary, in the hydrogen bonding complex, chitosan induced a strong protection
toward the specific enzyme. This kind of interaction certainly contrasts with the

recognition of the collagen structure, in particular by a very important steric hindrance

- related to the great proportion of chitosan in the surrounding collagen chains. It was
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suggested that chitosan brought softening rather than hardening to the system and the

complex behaved like some polymer blends interacted with ionic bonding.

In 1999, Sundararajan and coworkers [6] reviewed wide array of tissue
engineering applications exacerbates the need for biodegradable materials with broad
potential. Chitosan, the pan:ially'deacetylated derivative of chitin, may be one such

material. In this study, they examiné : chitosan for formation of porous

scaffolds of controlled microstsucture e-relevant geometries. Porous
chitosan materials were prep 7 HY co 7 gld lyophilization of chitosan
solutions and gels. The m: via light and scanning electron
microscopy as well as teg formed included porous
membranes, blocks, tub could be controlled within
the range 1-250 pm, by ures. Freshly lyophilized

provided a starting pointﬁr he'¢ 0 _- family of polysaccharide

based scaffold materials wn}; gtentially broad 3plicability.

In 2001, vahgil an’dJc?v:'Ior erngirﬁsgglat’el@e‘je'ﬂect of chltm and-

e AR N A
ﬁbroblastﬂn eratir iﬁl feraf ifro using ised human

keratinocyte cell line (HaCaT), and primary human keratinocytes. The chitin/chitosan

samples were dissolved in 17 mM acetic acid, filter sterilised though a 0.2 pm
polycarbonate filter and then diluted for use with fibroblast growth medium (0, 2.5, 5,
50, 500 pg/ml). The effect of chitin and chitosan on keratinocyte proliferation was
initially studied using HaCaT cells. When cultured with chitosan at initial
concentrations of 2.5, 5 and 50 pg/ml, these cells showed a reduced proliferation rate
compared to controls, whilst chitin appeared to have no significant effect on HaCaT
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cell proliferation. The screening of the biopolymers for their effects on human dermal
fibroblast proliferation showed that chitosan with the shorter chain length had the
greatest mitogenic activity at all concentrations tested. The deacetylation level of
chitosan seems to be a key factor in the mitogenic activity on fibroblasts with the
molecular mass of the biopolymer being somewhat less important. The requirement of
serum for chitosan stimulated fibroblast proliferation may be due to an interaction

orowth factors. Chitosan Imght bind

with components in the serum such \ ‘ i

N

these components and in the proce :;* fabi

mechanism by which ¢
It fnight interact with I ye serum or metal ions (e.g. calcium),
reducing the availability o feall8) These'\resits indicated that highly
deacetylated chitosan sampl e B " gically lactive than chitin and less
deacetylated chitosans and th . i

agents or dressing materials.

(natural polymers) to depjlop /
network (IPN) using glutargldehyde as a crosslmkmg agent This scaffold was then

characterized by ﬂ-uIEF’aW g phosphate buffer

(pH 7.4). In vitro culture studies were p rmed using human ep1derm01d carcinoma
cells (HE ﬁ cells over
the scaﬂoammﬁpt m\:ﬂ :1 /70, 40/60,
50/50, 60/40 and 70/30 (collagen/chitosan)) suggested that the collagen and chitosan
were certainly crosslinked through glutaraldehyde without any significant changes in

of Eterpenetrating polymeric

the chemical property. The observation from DSC curve of collagen/chitosan
scaffolds developed at the ratio of 30/70 and 40/60 showed no transition band due to
the decomposition of core polymeric molecules, which was otherwise presented in the
DSC curves of individual polymer molecules. Reasons for this might be due to
crosslinking of polymers and also disappearance of further thermal decomposition till
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400°C proved the thermal stability of the scaffolds. The DSC curves of scaffolds
developed in the ratio of 50/50, 60/40 and 70/30 proportionate mixtures of collagen
and chitosan also showed similar characteristic bands except the fact that the
decomposition peak of chitosan disappeared at temperature around 290°C, in contrast
to the results shown by individual molecules. This showed that as proportion of

chitosan increased the stability also increased. For swelling properties of scaffolds,

the scaffold developed from 60 p and 40 parts of chitosan showed
sphate buffer and reached the
.‘

maximum swelling of 70.9% 4
equilibrium stage there aﬁ? wwed to possess the optimum

characteristics to perform culf n u.. epid .; moid carcinoma cells (HEp-2

multiplication by supple ifig the' semp ith a 7 FCS after every 7 days.
The cells proved to havefthefCagel 1lit§of maint prowth characteristics. The
results of various charactgfisti€ sfudigs: proy ' ‘tha ﬁ caffold developed using

The chitosan solution ‘Es xed inf N Su ea;)n at the ratio of 9:1
(collagen:chitosan). The co]}a en/chitosan bleLwas frozen at -20°C for 1 h and then

lyophilized for zﬂuﬂ M%W%?‘ﬁﬁﬁ‘ 1d. Glutaraldehyde

(GA) with differengconcentrations (0.05 — 0.25%) was used to crosslmk the scaffolds
at 4°C for, slight effect
on the aﬂ;ﬂjﬁrpmm &mmmmd scaffolds.
The swelling property of the uncrosslinked scaffold was doubled than that of the GA
treated scaffolds because of the decrease of the hydrophilic groups. However, the
crosslinked scaffolds did not show obvious difference regardless of the GA
concentration. The collagenase digestion test proved that the presence of chitosan
could obviously improve the biostability of the collagen/chitosan scaffold under the

GA treatment, where chitosan might function as a crosslinking bridge. A detailed

investigation found that a steady increase of the biostability of the collagen/chitosan
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scaffold was achieved when GA concentration was lower than 0.1%, then was less
influenced at a still higher GA concentration up to 0.25%. After crosslinked with
0.25% GA, the biostability of the pure collagen scaffold (collagen-GA) was greatly
enhanced, where only 12.8% was degraded in 12 h. In vitro culture of human dermal
fibroblasts proved that the GA-treated scaffold could retain the original good
cytocompatibility of collagen to effectively accelerate cell infiltration and

proliferation. In vivo animal tests at the scaffold could sufficiently

support and accelerate the fibro e surrounding tissue.

In 2003, Wang and cowerkers {5}/ de sslinked collagen/chitosan
matrix (CCM) for artificial le¥erdr pligations. s study, 1% type 1 collagen' and
1% chitosan with degree of dgcetylatio; F80% and My, :3x10* in 1% acetic acid

n a Teflon plate and air-

dried at room temperature. Hal§of ﬂﬁns_ we ; controls while the other half
were crosslinked by using 1-gth o hylas iop pyl)-carbodiimide (EDC) in
N-hydroxysuccinimide (NHS) ,,'rg srpholifiocthane sulfonic acid (MES) buffer
system. The chemical charactenstl ' ated by Fourier-transformed infrared

(FT-IR) spectroscopy. EI‘-IR spech'um * the EI osslinked collagen/chitosan

suggested that carboxy groups of collage irlol groups of chitosan and
malon of amide and ester
linkages. The addition of cbltosan to the mat% provided many more amino groups

with hydroxyl groups o [

than required fo W ‘ elative crosslinking
@
degree and the téisile strength. The platelet depos1t10n showed that CCM had

PO W N TR 1P (PN 1138
chitosan co, platel m to a nber of free

carboxylic acid groups of aspartic and glutamic acid residues of collagen and in the

amino groups of chitosan. For hepatocyte culture, the number of hepatocytes on the
CCM made great progression in the following 2 days and remained significantly high
until the end of the experiment (28 days). The effects of the chitosan on the cell
behavior might be explained as follows. Collagen, when crosslinked by EDC, the
specific cell binding amino acids which interacted with cell surface integrin adhesion

receptors might be consumed. The addition of chitosan might provide much more
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amino groups for cell adhesion. The composition of CCM was closer to native tissue
and had been shown to be more effective than that of collagen alone. There were not
as many hepatocytes on the pure chitosan matrix as found on the CCM throughout the
experiment. The growth and division of the hepatocytes may be inhibited by the
extremely high affinity of hepatocytes with chitosan. The results suggested that the

CCM was a promising candidate matrix for

In 2004, Sionkowska ang en!&d a variety of techniques to

. . itosa %madlated by light with a
wavelength of 254 nm. C chitosan complexes were characterized by

viscometry, wide angle and | Fou ,ansform 1nfrared (FT-IR)

7-plantable bioartificial livers.

spectroscopy. The visco AWa s* shoy : , ‘be greater than that of either
collagen or chitosan alosi€. i ' edia spe \interaction between CC that
could not be accounted b fhasic their hypothesis was that a
gelatin-like component was ' eich viscosity of blends with an
optimum at around 50% colla; y weight). Since gelatin had a
higher intrinsic viscosity than coll& ted to a more disordered form of

complexes was denatur@ From on E:ta, it was attractive to

speculate that miscibility mg.uced a deviation o{}he collagen helix structure to a more

disordered phaseﬂ.w galaﬂ Wﬁn‘ﬂ E*lf} ﬂtﬂjphase in the blend

would be consistefiff with increased wscos1ty and a loss of helical diffraction peaks.

St 1 N0 1T (PN 101

explanation of the changes in viscosity was through a triphasic system where the CC
blend contained a third gelatin-like phase. The presence of a collagen substrate

without collagen helical characteristics might be beneficial for biomaterial design.

In 2004, Yannas and coworkers [46] studied the changes in the microstructure
and compressive modulus of a highly porous, type I collagen—-GAG scaffold during

degradation. Type-I bovine tendon collagen was dissolved in 0.05 M acetic acid and
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glycosaminoglycan (GAG) (chondroitin-6-sulfate) was added at the ratio of 9:1
(collagen:GAG). The solution was then frozen at an approximately constant cooling
rate from 20°C to -40°C over a period of 65 min. The frozen solution was sublimated
for 17 h (100 mTorr, 0°C) to produce the porous collagen-GAG structure. The matrix
was then crosslinked m four different ways, as follows. Control matrix freeze dried

without additional crosslinking (Nx). Physical crosslinked matrices were performed
by exposing to 105°C under a v Torr for 24 h (Dx). Chemical

‘E treatment involved immersion
- solution (Ex). Physical and

crosslinked matrices were carri
of the matrix in EDAC/NH
chemical crosslinked matrice
(DEx). The enzymes bacterialfColl

the collagen and GAG (Chogdroifig-9-
scaffold micro-structure
struts and films. The 1
crosslinking treatments in
crosslinking), Dx (24 h cross
EDAC/NHS crosslinked) and DEX

Regression analysis me.'_tsated that the

was linearly related t0 W
completely solubilized aﬁ' only 9C | : pla were almost completely
solubilized after 120 min. §ag£)1es crosslinkeéleith 2 h EDAC/NHS (Ex) or 24 h

DHT + 2 h Elﬁ%(ﬁ}%ﬂﬁﬁoﬁﬁﬂ:ﬂ:ﬁam there was no

detectable differenéé between microgr:l’phs taken before and after degradation even

o R T A e
samples sh shi ﬁ [II’ e p es'exhibited v evidence of

degradation. For matrices degraded using collagenase, a decrease in compressive

modulus with degradation time was observed in the Nx and Dx samples. The
compressive modulus did not appear to change for samples treated with Ex or DEx
even after 1 week exposure to collagenase. At low levels of crosslinking, the
mechanical behavior is dominated by viscous sliding of collagen matrices and fibrils,
and thus depends on collagen fibril length and axial ratio. At higher levels of

crosslinking, mechanical behavior is dominated by elastic stretching of non-helical
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ends, crosslinks, and collagen triple helix. For samples degraded with chondroitinase,
the compressive modulus of all sample types did not change with degradation time.
The finding that highly crosslinked samples were more resistant to chondroitinase, not
just to collagenase, strongly supported the theory that crosslinks were located both
between collagen chains and between collageh—GAG chains.

AueIneningns
QRN TN INESE




	Chapter III Literature Review

