CHAPTER III

LITERATURE REVIEWS

3.1 Skin substitutes and wound healing
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This paper revi struc

Supp, D. et al. [46]

ctlon of human skin and the
available skin substitu pi€TCwerel several bstitutes that had been useful for
replacement or recons swof the skin, facilitating wound
healing in several di i substitutes acted as temporary

wound covers or pej depending on their design and

composition. The miost #asié of the Skinhsilbs \ ere synthetic, acellular materials
iz \
: \

designed to act primérilya o) = and’ microbial contamination. One

!:x

example that had been #Widely usgd-f -V" grage of €xcised burn wounds was Integra.

Integra Dermal Regeneratios 'f-‘-rf pia (e proved to be particularly valuable in

patients with large burns and-{ iited ; donor sites. Integra consisted of two

layers. The derma :Fm{? on by fibroblasts and other
cells from the wount be as_populated by these cells, it was
gradually degraded 1 d replaced by newly synthesized collagen. The silicone layer
provided a m ization of the dermis, to
be replacedfﬁul ﬂﬂaﬁ mmﬁ as Biobrane, Alloderm,
Dermagraft etc were also mentioned in this work,
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iones, L. et al. [47]

This review described the function of normal skin and a large number of new
approaches and products that are emerging in the quest to develop biologically based
skin substitutes for clinical use. Additionally, examination of the range of different
products that are available and the current evidence for their effectiveness and their
relative costs were shown. Integra, the most widely accepted synthetic skin substitute

to be developed for use in burns by Yannas, was described in details. The pore size of
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Integra has been designed at 70-200 pum in order to allow migration of the patient’s
own endothelial cells and fibroblasts. Smaller pores delayed biointegration, whereas
larger pores provided an insufficient attachment area for invading host cells.

There were disadvantages to the use of this product. It was relatively
expensive when compared with cadaveric allograft skin from skin banks, and the

learning curve was reported to be steep, with high failure rates initially. The

thickness allograft, as i ring. It avoided the risks of cross

infection inherent important role in providing
immediate wound in patients with insufficient

autograft.

In 1999, Hye-Won .-,,. : 7; f? tudied a novel method for preparing
“Bi e hydrogels . ‘-)', through crosslinking of

gelatin with glutaraldehyde in e d by rinsing and washing.
The porous scaffolds were obtained PeZc dryia technique. For the process of
freeze drying, water gvas, homogeneously distributed into the hydrogel network,

allowins thﬂ'%gyn’av% {o JubfRormais) Enfiree hifd] g ice to act as a porogen

during the frédl ing process, and ti;en subhmated the ice. The dlﬁ’erence in pore size
and alm &Qﬂtﬁ w f]e’s})ﬁﬂﬁ‘ﬁ Elmg the freezing
process of the swollen hydrogels. A higher freezing temperature, the number of ice
crystallization initially formed was lower, leading to an increased final size of ice
crystals and the pore size of scaffold was increased. Furthermore, it was concluded
that the present freeze drying procedure was a bio-clean method for formulating
biodegradable sponges with different pore structures without use of any additives and

organic solvents.
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Mao, J. et al. [49]

In 2003, Jin Shu Mao ef al. have studied on chitosan—gelatin polymer network
scaffolds prepared via the freeze drying technique. Monolayer and bilayer scaffolds
were obtained by using different pre-freezing methods. The monolayer scaffolds were
prepared via place within a refrigerator at different temperature(-20°C, -40°C, -60°C),
while bilayer scaffolds were prepared via contact with -56°C lyophilizing plate

directly, then both were lyophi | Ectures, physical and mechanical and

degradable properties of chi were studied.
The results sh he bilayer-seaffold was composed of a loose layer
located on the border

The pore arrangement g

/ j \\ ted on the border of freezing plate.
/ d §ca ell regulated, while the pore
configuration of ménolaye affold w \ addition, changing the pre-
freezing temperaturgds I > the mean pore size of the
scaffold. The pore g e walls were thinner, while
interconnectivity increaged at BTy th “declining |\ pre-freezing temperature. The
scaffolds prepared from clifitosaft-and | be utilized as a promising matrix

for tissue engineering.

Pieper, J. é *. ''''' e Y |

In this study,m)rous type I collagen matrices ﬂre prepared by freeze drying
technique and crosslmkfdm ﬁde droth@&rmal (D %J I_itreat ent and/or 1-ethyl-3-(3-
!&J th

dimety! anfforipeesbolinge! (Eact |

chondroitin suﬂlate (CS). EDC covalently attached CS to collagens DHT crosslinking
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collapséwhile no cytotoxic reagents were introduced. Stabilization was believed to be

nce and absence of

due to the formation of interchain crosslinks as a result of condensation reactions
either by etherification or amide formation. After DHT treatment, porous matrix
morphologies were retained, as in non-treated matrices. DHT treatment of collagen
resulted in a decrease in the free amine group content and in the water—binding
capacity, and an increase in the tensile strength. However, this treatment did not

significantly contribute to matrix stabilization since DHT-treated and non-treated
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matrices had comparable denaturation temperatures and were degraded by

collagenase and pronase to a similar extent.

Ozeki, M. et al. [23]

In 2004, Makoto Ozeki and Yasuhiko Tabata have studied the in vivo

degradation of gelatin hydrogels in terms of various crosslinking methods. Various

hydrogels were prepared from \i eni gelatins, extracted from different sources,
through four types of cress! ;:; : ﬂlch were glutaraldehyde treatment,
dehydrothermal trea electron beam irradiation. Two
measurements to evaluate osslmkmg, which were water

content and theory of zubber £1as - e T \:\ rmed. Following subcutaneous

implantation of '% e, the radioactive remaining
was measured at di the in vivo degradability of
hydrogels.

The results shogved .- rosslinks per gelatin molecule
increased with increasingftime=of g dehyde and dehydrothermal treatments,
irrespective to the gelatin 3 e qumber of crosslinks of gelatin hydrogels
increased with UVii gany irradiation crosslinking, the
ion dose increased. In addition,

pared by the measurement of

number %ﬂ..«;-:“-----v to increas

when the in vivo biodegrada

hydrogel water content great dependence of the gelatin type and crosslinking method

on the degr tﬁgfgmﬂ 1}(1 gﬂﬁé‘}ﬂﬁm biodegradability of

gelatin hydroggls ¢ determine e number of crosslinks per gelatin

iy N b P Py TR e o

3.3 Properties of scaffolds

Choi, Y. et al. [51]

In 1999, Young Seon Choi ef al. have studied on an absorbable sponge which
is composed of gelatin and alginate. The sponge was prepared by crosslinking with
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EDC-containing acetone:water mixture and the crosslinking degree was characterized
by trinitrobenzenesulfonic acid (TNBS) assay. In addition, the sponge was tested for
water uptake ability, in vifro drug release and collagenase degradation to confirm the
applicability as a wound dressing material. The results showed that the porosity of
sponge increased with increasing the alginate content in the sponge, resulting in

enhanced water uptake ability. The results from in vitro tests showed that sponge

out AgSD and a vaseline gause

D s better wound healing effect in
\‘m\\?\ .

view of a rapid proiif€ra ibroblast 2 '\au crmal cells in the wound of a rat

covered with the gelati

as a control. The s

and a significant red te days, compared with the sponge

without drugs and the

Mao, J. et al. [52]

In 2003, Jin Shu Ma
scaffolds, which y vere e aydluronic acid in the surface or
bulk phase throuSh cross iinethylamino-propyl)-N’-ethyl
carbodiimide (ED(@ and pecinimide ﬁHS) in 2-morpholinoethane
sulfonic acid (MES) Jb er. The corregponding scaffolds were prepared through

freezedfymﬂ‘UEJ’J“fIEJﬂ§WEJ’]ﬂ‘§

arative study on propertles of surface modlﬁed scaffold and
S ¢

poly "WT qﬂmﬂm?m acterized by its
smallegy pore where a fiber texture could be foun e addition of aluromc acid led

to an enhancement in water adsorption, elongation at break and fibroblasts adhesion,

died on the properties of chitosan—gelatin

while slowing down the rate of biodegradation of chitosan—gelatin scaffold. The result
from in vitro degradability showed that the rate of weight loss of surface modified
scaffold was significantly quicker than that of polyblend scaffold because the smaller
pore increased surface area. Human fibroblasts adhered and proliferated well on the

scaffolds in vitro.
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Bigi, A. et al. [53]

The glutaraldehyde (GTA) crosslinked type A gelatin films have been
investigated for the mechanical, thermal, swelling, and release properties. Air-dried
films were submitted to treatment with GTA solutions at concentrations ranging from
0.05 to 2.5wt%. The crosslinking degree, determined by TNBS assay, amounted to

about 60% at the lowest GTA concentration and increased up to values near 100% at

GTA concentrations > 1 sly, the deformability of the films

decreased, whereas the re e Young's modulus increased. A

0, taiw.ﬁwt% GTA, was enough to
solutio {\\ﬁ\\:\; oke a significant reduction of the

swelling in physiologie@l s - eI O} m{ slinking greatly affected the

\ e results of differential scanning

crosslinking degree o

prevent gelatin release i

thermal stability of thg -
calorimetry (DSC)
use of GTA at low coff i z__: as de

haH

S \ s. The data suggested that the
\ le to prevent toxicity, allowed

films, in order to obtain stable

Lee, S. et al

— Y
Porous gela - C alt-leaching method and these

were compared to seaffolds fabricated using a free’zt drying method. The results
showed that % 'nw in, the, interconnected network
pore conﬁglﬁﬁmﬁg el's ! mﬁof the vertical channels
was uniformllg distributed, and formed .am interconnected pore structure.

oM AASAI AU T AR Srention st

formed'a web-like structure. A cross-sectional structure of a scaffold prepared using

the salt-leaching method exhibited interconnected pore structures, but did not form a
membrane-like structure between pores. The initial modulus of the scaffolds increased
with decreasing NaCl content in the salt-leached scaffold. In the freeze dried
scaffolds, the mechanical strength increased with increasing gelatin content of the
solution. In the enzymatic degradation studies, the degradation rates of the scaffolds

prepared using the salt-leaching method were slower than those of the scaffolds
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prepared using the freeze drying method. After 1 week of in vitro culturing, the
fibroblasts in salt-leached scaffolds were mainly attached on the surface of the pores
in the scaffold, whereas cells seeded on freeze dried scaffolds were widely distributed
and aggregated on the top and the bottom of the scaffold. An in vivo study of cultured
artificial dermal substitutes after 1 week showed that an artificial dermis containing

the fibroblasts enhanced the re-epithelialization of a full-thickness skin defect when

2

--‘

compared to an acellular scaffold.

Dawlee, S. et al.

They have studied e zelatin hydrogels prepared from chondroitin sulfate
with different degree \dation. The characterized for degree of
: nission rate, internal structure,
e gels determined by TNBS
e polysaccharide, higher the
al Structure by SEM showed that the
hydrogels were highly por@us.iz Tature inter€onnected pores ranging from 50 to

crosslinking, equilib

and blood-compatibi

200 pm. Equilibrium swellm S| hat the gels retained about 90% of water and
did not undergo dehyd idly. Furthe e liydrogels were non-toxic and

blood-compatible. L7 ' X |

Angele, P. ef al ([ 36]

The sﬁmméﬂtﬂ DINYADT ot s

with and lelout 1-ethyl-3-(3-dimethyl aminopropyl)carbodiimide (EDC) /N-

hydroys Wu’ﬁ}@ ﬁrﬂ)ﬁ;ﬁul%ﬂl{e}@nﬂ deding augnase digestion.

swelling ratio, amino acid sequence, shrinkage temperature, ultrastructural matrix

morphology, crosslinking density and stress—strain characteristics were determined to
evaluate the physico-chemical properties of equine- and bovine-collagen-based
scaffolds. The results revealed a highly significant effect of collagen type,
crosslinking and time on degradation of the collagen samples by collagenase
treatment. Crosslinked equine collagen samples showed a significantly reduced

swelling ratio compared to bovine collagen samples. The amino acid composition of
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equine collagen revealed a higher amount of hydroxylysine and lysine. Shrinkage
temperatures of non-crosslinked samples showed a significant difference between
equine (60°C) and bovine collagen (57°C). Moreover, the analysis revealed a highly
significant effect of collagen type, crosslinking and matrix condition on rupture
strength measured by stress—strain analysis. The ultrastructure, the crosslinking

density and the strain at rupture between collagen matrices of both species showed no

significant differences. For tissi ering purposes, the higher enzymatic

lower risk of transmissible disease

made the case for consig cquinefbas . This study also indicated that

results obtained for“§€af ased ona“eerta ollagen species may not be
B o N

transferable to sca ‘\o\ e differing physico-chemical

CCadUSe

properties.

This work reporiéd a's 1' - A eipfluente the renaturation level of gelatin
7 of "gelatin films. Films at different
renaturation level were obtain_ ssamples with different Bloom strength.
It was verified he - helix content, ¢ I . the values of the enthalpy
[i0it at about 41°C of gelatin,

werearther supported by the results

of denaturation assob:

increased with Bloonmtren o
of the X-ray diffractionfcagried out on thegsame samples. The increase of triple helix

content provRi TSIV LI Fh S, an « e

improvement S the mechanical properties of the films. The elastic Young’s modulus
s & Ay Touns

increﬁdWeQ'N rﬁﬁamlﬂl%l’q&% jﬂ‘m xﬁafgmsslinking with

Iwt% 6f GTA remarkably reduced the degree of swelling of all the samples, and

induced a further increase in the Young’s modulus, which reached values up to 27

MPa.
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