CHAPTER YV

RESULTS AND DISCUSSIONS

5.1 Chemical and physical properties of the scaffolds
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5.1.2.1 Gelatin scaffolds

The morphology of the gelatin scaffolds seemed to mainly depend upon
the gelatin types and solution concentration. Figure 5.1 showed the morphology of the
scaffolds prepared from different gelatin types and solution concentrations. '

By considering the effect of solution concentration, gelatin scaffolds

obtained from low solution concentration showed fiber-like structure while the
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scaffolds obtained from high solution concentration showed more membrane-like
structure for both gelatin types. For example, a fiber-like structure with a small
amount of thin-wall, was found in 0.44, 0.4B, 0.6A and 0.6B scaffolds as presented in
Figure 5.1(a), (b), (c) and (d), respectively. At high solution concentration, 0.84 and
0.8B, the gelatin scaffolds revealed an interconnected network pore configuration with
heterogeneous pores as presented in Figure 5.1(e) and (f). These structures could be
of the scaffolds and the dispersion of ice
!%o ution concentration, there was not
i u& in the scaffolds; therefore the

t of gelatin obstacle. After

explained by the differences in

tal in the fr lati
crystal in the frozen gela(iigy

continual ice crystal
lyophilized, a small among the fiber texture of
gelatin. On the other uld form continuous walls of
gelatin to block ice ¢ e crystal could not continuously

disperse in the frozen soltiti 2 result after | lization, large and non-uniform

By compari at S/pes, 0.4B and 0.6B showed more thin-walls
among the fibers than 0.44 a5 did ore thin-wall formation in type B
gelatin scaffolds might be due : in _gelling transition temperature or in
producing proces 4;;_:::::;_-.-;;:;;:_.-.‘.:._._4:: atin might form gel during
preparation, and thé = wall, as illustrated in Figure
5.1(b) and (d). At 0.8 of 0.8B scaffold were larger
than those of ﬁﬁ ue to the difference in
gelling tran51 o a mﬂﬁi ﬁ ﬂdj;t] iithe size of ice crystals
formed dunng freezing. In additioh, it could besobserved that structures of type A

cla#4c4iich GVl b o) o ik ) s st

dlffereng gelatin types and solution concentrations provided the different

Wt% solution concentration, por

morphologies of the scaffolds.
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Figure 5.1: SEM micrographs of vertical cross-sections of gelatin scaffolds prepared
from various gelatin types and solution concentrations (48 h DHT):
(a) 0.44, (b) 0.4B, (c) 0.64, (d) 0.6B, (e) 0.84 and (f) 0.8B.
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5.1.2.2 Collagen/gelatin scaffolds

Pore structure of collagen/gelatin scaffolds could be affected by both
solution concentration and blending composition. However, the structures of
collagen/gelatin scaffolds seemed to be mainly influenced by the solution
concentration rather than the blending composition. At the same blending

composition but different concentrations, it could be seen that 0.4CG scaffolds

(Figure 5.2(a), (c) and (e)) re fiber-like with interconnected network
structure and higher porosits ) A olds (Figure 5.2(b), (d) and (f)). The
scaffolds showed the Crconnectgl Mructure between the collagen

d_the"gelatin resulting in the fibrous

representing the me ‘ -
\-r viously described for gelatin

structure. These rese
scaffolds. Furthermot onfiguration of all blending
compositions of 0.4C@scaft ‘ r > i : le that of 0.6CG scaffolds was
better regulated, as showh ig Figire §:2(8), (d))(Hhandy(h).
o \s \‘ sition, the structures became less
porous and the pores pedpatt M e creasing collagen contents. For
example, the 0.6CG10/90 :

5.2(b), depicted the poores

Comparing

cast collagen content shown in Figure
he 0.6CG20/80, 0.6CG30/70 and

0.6C100 presented “$ cf pore arrangemen # eity. Therefore, it could be
concluded that colla% S am the pore arrangement of the

scaffolds.

Fr ‘\ﬁ, ; fog Cilﬂe?elatin scaffolds were
different duﬂoﬂtﬁii eﬂﬂﬂﬁﬂlﬂmn concentration and blending
compositi e_soluti centrati tﬁ cﬁ’r sence of fiber
textmﬁnﬁe&ﬂoﬁsﬂg ajms mﬁg tﬂ) differences in

porosity and pore arrangement of the scaffolds.
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Figure 5.2: SEM micrographs of vertical cross-sections of collagen/gelatin scaffolds
prepared from various solution concentrations and blending compositions

(48 h DHT): (a) 0.4CG10/90,(b) 0.6CG10/90, (c) 0.4CG20/80, (d)
0.6CG20/80, (e) 0.4CG30/70, (f) 0.6CG30/70, (g) 0.4C100, (h) 0.6C100.
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5.1.3 Crosslinking degree

Crosslinking via physical or chemical methods was often applied to prevent a
rapid degradation of gelatin-based biomaterials during in vivo application.
Dehydrothermal (DHT) crosslinking was a physical method which was applied to
stabilize scaffold and to prevent scaffold collapse while no cytotoxic reagents were

introduced. Stabilization was believed to be due to the formation of interchain

crosslinks as a result of condemsation fedctions either by esterification or amide
formation. After DHT treatment, po morphologles were retained, as in
scaffolds resulted in a decrease
in the free amino group comuk olution adsorption and an increase in
the compressive modu

crosslinked by DH

ollagen/gelatm scaffolds were

re.of 140°C under vacuum. DHT

crosslinking generated clhi€mical ifg be \-. NH of amino groups and H of
carboxyl groups due €rmjal deh’ dration. \H reasing of free amino groups
could be detected by i @ esult ¢ represented as the increasing of

crosslinking degree(%) W, ch, -'!".' “be explained by the decreasing of free amino

‘-':c_"
5.1.3.1 Gelatin scaffolds X

Figure 5. mresented the crosslinking degrm of gelatin scaffolds prepared
from various gelatin éig solution_condefitrati n %T treatment times. The

s fom NSBbed 0 &) S P b

function of DKH treatment time and gelatin typesbut showed no gignificant difference

betweer vgijou geleth Eocgnisations | W the hHéhsink Drifcfatment time from

24 to 72 h, the crosslinking degree increased from about 28% to 41% for type A

gelatin scaffolds was a

gelatin scaffolds and from about 15% to 34% for type B gelatin scaffolds.
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Figure 5.4: Initial free amino group content in gelatin scaffolds prepared from various

gelatin types and concentrations.
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The difference in crosslinking degree between scaffolds from two gelatin
types was the result of the difference in initial free amino group content which could
be affected by source and producing process of gelatin. Collagen from various
connective tissues had different amino group contents[33]. Because type A gelatin
was derived from porcine collagen while type B gelatin was derived from bovine

collagen, amino group contents in both gelatin types were different. In addition, the

different producing process of twi ypes, acid process and alkaline process,
could bring to the differe supecontents. The amount of initial free
amino group in each g ﬁviously in Figure 5.4. Before the

DHT treatment, type B*g€la gdffolds showed lc itial free amino group contents
than type A gelatin"s€atiplds s Lhe less nount of initial free amino group contents
.On'the other hand, type A gelatin
originally had more jif€e & oD tents So that there were abundant amino
inking degrees. Furthermore, the
difference in crosslinkingfdegree may b ‘due .Q 2 difference in molecular structure of
wn a recent study by Tabata et al. [23]
reporting that type A gelatinil o5 fosslinked more than type B gelatin could.
They proved that DHT. er sslinking. cotld dcer only..if the amino and carboxyl

groups were close 15z her, which mez S atin molecules were closer
3 rc:yiom random coil to helix
conformation is higher. Therefore, the more crosslinking degfee of type A gelatin

miight be du 3 s elafin,
Zﬂnmnﬂﬁmﬂtm34 to 72 h, crosslinking

degre lati ﬁ lﬁ >3 U, e B gelatin,

cross@%ﬁlﬁ ﬁtﬁﬁ :ifﬂ:m i :ﬁﬁgimmn the DHT

treatment time increased from 24 to 48 h but they showed a little increasing after 48 h

to each other beca

DHT. Therefore, it was adequate for type A gelatin scaffolds to be treated only 48 h
DHT crosslinking.
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5.1.3.2 Collagen/gelatin scaffolds

For collagen/gelatin scaffolds, DHT treatment was performed only for 24
and 48 h, because the results from gelatin scaffolds has revealed that there was no
significant increasing of crosslinking degree after 48 h DHT treatment for type A
gelatin. The results on crosslinking degree of collagen/gelatin scaffolds obtained from
0.4wt% and 0.6wt% solution conc;

trations, as illustrated in Figure 5.5 and 5.7,
respectively, showed that th ‘, slinking was a function of solution
concentration, blending co | an tment time. |

The comp eell twm concentrations, 0.4wt% and

0.6Wt%, indicated that thesefosslinking degree
collagen/gelatin scatfolds®prepars .
0.4CG20/80 and 0°4CG80/70 '-a"' om a } to 45% for collagen/gelatin
scaffolds prepared ffom0.0Wi% so onee fica (0.6CG10/90, 0.6CG20/80
and 0.6CG30/70) whedl ingreding DI catthel
represented that collage é‘é&gj{;‘ ;-:.,Ao-a repared from 0.6wt% solution
concentration could be crgssli nked-more:t e ones from 0.4wt%. As discussed in
@ .initial free amino group contents of
: : lutién concentration which were
5.6 and 5.8, resulted in higher
Considering'pgcla and blended .ﬁsaffolds, puﬂr]e collagen scaffolds (0.4C100

and 0. 6c100ﬂ/%cﬁ|sw s} St 3uehlcBifeedifb i scaffolds. This could

be caused by the lowest initial free amino group contents in pure collagen, as showed

¢

F= o
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composed of three chains, twisted together in a tight triple helix. The tight triple helix

of collagen might hinder the crosslinking. For blended scaffolds, the scaffolds

possibility to crossli@ to ea

containing high gelatin content showed high crosslinking degree because gelatin had
more free amino groups than collagen. However, it was interesting to note that
collagen/gelatin scaffolds obtained from 0.6wt% solution concentration could be
crosslinked more than pure gelatin scaffold from the same solution concentration.

This might imply that the interaction between gelatin and collagen in the blend would
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give some open sites of free amino groups, leading to a more opportunity for
crosslinking.

Also, the results revealed that the higher crosslinking degree of the
scaffolds along the rising of DHT treatment time from 24 to 48 h was independent to

solution concentration or blending composition.

In conclusion, the crosslinking degree of scaffolds depended on solution

AULINENINYINg
PRI TUAMINYAE
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Figure 5.6: Initial free amino group content in collagen/gelatin scaffolds prepared
from 0.4wt% solution concentration with various blending compositions

and DHT treatment times.
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5.1.4 Mechanical properties of the scaffolds

One of the most important properties of the scaffolds was the mechanical
strength. To maintain the scaffold when used as a skin substitute, the scaffolds had to
be strong enough in order to support extensive vasculatures, the lymphatic system,
nerve bundles and other structure in the skin. Therefore, the scaffolds should have
orb forces when they are implanted into the

T

appropriate compressive modulus t

wounds. ’
5.1.4.1 Gelai ds =
t'f'i\l scaffolds, elucidated in Figure 5.9, was
remarkedly affected b ratio rather than gelatin type and DHT

treatment time.

By com ations of both gelatin types, it could be
\ increased as increasing the
affolds obtained from 0.8wt%

e modulus was about 4 times higher

obviously observed
solution concentration 4

solution concentration of Which-the col
than those from 0.6 wt% of‘ g{w s higher than those from 0.4wt%. These
results ensured thafyg 7 8wt% solution concentration
v 28 required in scaffolds to be

olds from @4\%% and 0.6wt% solution

possessed mechanical
used as a skin suﬁitute .

concentrations were m@re.suitable in this gas

T LT TEITY v S——

no 51gmﬁcantQ1fference between on gelatin types and among three DHT treatment
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affected the compressive mo
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5.1.4.2 Collagen/gelatin scaffolds

Compressive modulus of collagen/gelatin scaffolds prepared from 0.4wt%
and 0.6wt% solution concentrations, illustrated in Figure 5.10 and 5.11, were
influenced by solution concentration, blending composition and DHT treatment time.

Comparing between 0.4wt% and 0.6wt% solution concentrations as

presented in Figure 5.10 and 5.11

spectively, it was clear that the scaffolds
Vﬁ more compressive modulus than those

Blending co 2 the compressive modulus. With
the increasing of the c » ffolds showed higher compressive
modulus for both solu Figure 5.10 and 0.6wt% in
Figure 5.11. The compr 1husic 0lds was lowest while that of
collagen scaffolds ., This s | reflec om the structure of both
biomaterials. Collage _ triple : g gelatin structure was random-

coil. Random-coil struc nechanical property. To enhance
the mechanical property collagen was allowed to blend with
gelatin. This was evidenced that with high collagen content, such as

compressive modulugof hig scaﬂl@is could be attributed to the
well-regulated pore arrangement, which ¢ support more compressive force.

PARLE] A ] ] e ot e

mechanical property of the scaffo‘lds as longer DHT treatment time allowed more
Cross ﬁTl& ﬂﬂimf ﬂ:?f ldj ﬂ mwﬂxore crosslinked
scaffﬂ could resist more compressive force.

The results indicated that both solution concentration and blending
composition represented the significant effects on the compressive modulus due to the
natural structures of gelatin and collagen, as well as the pore arrangement of the

scaffolds.
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5.1.5 PBS solution adsorption

The swelling ability of scaffold plays an important role during the in vitro
culture. The degree of swelling of the scaffold determined through this investigation
was calculated by applying conventional Flory-Huggins swelling formula [61]. When
the scaffolds were capable of swelling, it allowed the pore sizes to increase in
diameter thus facilitating the cells not only to just attach but also to penetrate inside
dl fashion, during in vitro culture studies.
scaffolds at 5™ and 24™ h were

"J g .
ﬂ%cell attachment and equilibrium

swelling, respectively. T efformed using PBS (pH 7.4) solution at 37°C,

the scaffolds and grow in a thr

gelatin type, solution con€enté ion. ment time and swelling time. Among

these factors, solution concentratios initype had more significant effects than
ratios of gelatin scaffelds 4 t¥pes, solution concentrations

and DHT treatment t '

miﬁz m%dﬂﬁa n content scaffolds could swell
in PBS solutEjl lﬁo&lg tim/c s was because of the

water-binding q{'xaracterlstlc of gelatin. Gelatin was known to beyable to adsorb water

o BT RV b S AA J YR B e i

absolutgly absorb more PBS solution.

of swelling, respectively

Comparing of two gelatin types, type B gelatin scaffolds could adsorb
more PBS solution than type A gelatin. This was due to many reasons. First, type B
gelatin had less free amino group content, as indicated in the results of crosslinking
degree. The less free amino group content meant the lower of crosslinking degree and
the stronger swelling ability of the scaffolds [62]. Second, swelling properties could

relate to the morphology of the scaffolds. SEM photographs of gelatin scaffolds, as
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demonstrated in Figure 5.1, supported that thin-walls found in 0.4B-48 and 0.6B-48
scaffolds could retain more PBS solution within the scaffolds comparing to fiber-like
structure found in 0.44-48 and 0.6A4-48 scaffolds. Last, pH of type B gelatin (pH 5-6)
was not much different from pH of PBS solution (pH 7.4) so they were well-

combining.

Furthermore, swelling ratios of gelatin scaffolds was decreased with an

AULINENINYINS
RINNIUUNININY
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5.1.5.2 Collagen/gelatin scaffolds

Swelling ability of collagen/gelatin scaffolds was influenced by solution
concentration, blending composition, DHT treatment time and swelling time. Figure
5.14 to 5.17 showed the swelling ratios of collagen/gelatin scaffolds obtained from
0.4wt% and 0.6wt% solution concentrations with various blending compositions,

DHT treatment times and swelling times.

The swelling rati I 4™ b of swelling of collagen/gelatin
scaffolds prepared from 0:4wt? &tion, as depicted in Figure 5.14 and
5.15, respectively, sho agen blendimgeimproved swelling ability of pure
gelatin scaffolds althoughe€0uagen) was nydros - . This implied that there were
other factors that strongly" aife ! S) “ o abilits collagen/gelatin scaffolds. It

could be seen 5.2 that morphology of

collagen/gelatin scaf n that of gelatin scaffold, as
showed in Figure 5. saffolds could retain more PBS
solution. The swelling @bi Wer ~consistent to ithe morphology and mechanical
property. For scaffolds obtai :-_:;_l 1 5.6wt% solution concentration, as shown in
Figure 5.16 and 5.17, the ~ Hing ability. of gelatin scaffold overcame that of
collagen/gelatin scaffe It could be e hatethe hydrophilic property of
gelatin could co ;},f -)f gy.

The sca@lds also sk o ec%sing in swelling property as
increasing DHT treatrgent t time, same 1 the case of gelatin scaffolds. A slightly

higher swelﬂgutﬁ 69 stﬁﬂﬁﬁxwgqm h of testing was also

observed confplaring to those at

ammn‘im UANAINYAY
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Figure 5.15: Swelling ratio of collagen/gelatin scaffolds prepared from 0.4wt%
solution concentration with various blending compositions and DHT

treatment times at 24™ h of swelling.
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5.2 Biological properties of the scaffolds

5.2.1 In vitro biodegradation behavior

Gelatin, collagen/gelatin and collagen scaffolds prepared from both 0.4wt%
and 0.6wt% solution concentrations and crosslinked for 24 and 48 h were selected to
test in vitro biodegradation. As lysozyme naturally presented in body fluid, the in

vitro degradation behavior of sc ozyme solution at 37°C was investigated.

From the test, pure gelatin®s gelatin types degraded rapidly in
lysozyme solution beca ‘ fficture and hydrophilicity. Hence,

only degradation be en-containingsea ffolds crosslinked at various

DHT treatment tim:

Figure 5.18. Senied the' remainingsy eight of pure collagen and
collagen/gelatin sca ‘ ‘;. m, 0.4 w\’ and 0.6wt% solution concentration,
respectively. Remaining” : DL ¢ ol o \ d'« ollagen/gelatin scaffolds freeze

as | trated in Figure 5.18, could be
divided into two gro ichilx $sb and 48 h DHT treated scaffolds. The
scaffolds freeze dried fom A8 X5, <8 concentration crosslinked for 24 h

e ]
(0.4CG10/90-24, 0.4CG20/80-240.4CG30/70%24,and 0.4C100-24) could completely

0.4CG20/80-48, 0.4€G3( 8) «degraded within two weeks.

Similar to the scaffolds from 0.4wt% solution cor€entration, the scaffolds from
0.6wt% solutt “ni ?Ij’ 90-24, 0.6CG20/80-24,
0. 6CG30/7‘O‘WZ‘1£EJC rade m:jﬁi/ile the ones crosslinked
for 4 G10/90-48, 0.6 (’?0/80—48, 0.66G30/70-48 atid/ 0.6C100-48) could
AR SANA T AT INYNR Y

Collagen content in the scaffolds had a pronounced effect on the degradation
rate. The scaffolds with higher collagen content could last longer than the scaffolds
with lower collagen content when tested in lysozyme solution. This could be
explained by the structure of collagen and gelatin. The triple helix structure led
collagen more difficult to degrade because there was less opportunity for molecules to
contact the enzyme. Moreover, collagen was hydrophobic so it was difficult to

dissolve in enzyme solution. In contrast, random coil structure of gelatin was much
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easier to contact enzyme and degrade. The degradation rate of scaffolds was
consistent to the morphology of the scaffolds, as showed in Figure 5.2. Scaffolds with
higher collagen content showed less porosity, which reduced surface area of scaffolds
to contact enzyme.

Considering the effect of DHT treatment time, it was as expected that the
scaffolds crosslinked for 48 h resulted in a slower degradability comparing to the

scaffolds crosslinked for 24 h.y ample, the scaffolds prepared from 0.4wt%

solution concentration crogsli

weeks while the ones crgsslinked { h deora vithin only a week.

AULINENINYINS
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5.2.2 in vitro cell adhesion and cell proliferation

For cell culture, the appropriate scaffolds were selected to test their biological
properties. Table 5.1 revealed the statistic significant of each parameter considered for
selecting the scaffolds. There were many criteria for selecting the scaffolds. First of
all, scaffolds should provide porous morphology which promoted cell penetration.
The SEM photographs of gelatin ‘scaffolds in Figure 5.1 have revealed that the

scaffold structures preparedi Ed .6wt% solution concentration had

gelatin scaffolds, collagen/gelatin

scaffolds obtained fromebe slution s were selected because of their

treatment times pro 19@113,— of'degradat e. & variety of degradation rate
could be useful fa a variety of - | heal iy, the scaffolds should have

appropriate compresﬂ/e modul €s wﬁn they are implanted into the

wounds. With this crltcinon all scaffolds ﬂewously selected from other criteria had

the acceptabﬂwumﬁcﬂ}wwe&] ﬂ@w&}ﬂ sﬁfg‘ds crosslinked for 48 h

were used for tHe test of biological J)ropertles because the crosslmkmg degree was not

TN IR TN T ==

In this case, pure type A gelatin and pure collagen scaffolds freeze dried from
both solution concentrations were selected to serve as the negative and positive
controls, respectively. In addition, pure type B gelatin scaffolds were tested to
compare the difference in biological properties with type A gelatin. Thus 12

experiments for in vitro cell culture were summarized, as listed in Table 5.2.



Table 5.1: The effect of each variable on the properties of scaffolds.
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Swelling Degradation | Compressive | Crosslinking
L Morphology property rate modulus degree
Gelatin type ** * = * *kok
Solution * k% k% K% k%% *
Concentration
Blending * * %% %%k
composition
DHT - * ok * *kk
treatment time
Note: - no effect, * sli ighi *k strong effect
e
, 11 culture
cafffo .
2 osition | 48hDHT treatment
Concentration o 1
€ atin
\ 0.44-48
‘ ' 0.4B-48
@ 0.4CG10/90-48
0.4 wt%
' 20/8 0.4CG20/80-48
‘a 4/
ﬂ u El fJ If] f'l l'{ 0.4CG30/70-48
| o
Q. 100/ 0.4C100-48
. | & 064-48
Q‘Iw'] aqr] B gelatin) .6B-48
10/90 0.6CG10/90-48
0.6 wt%
20/80 0.6CG20/80-48
30/70 0.6CG30/70-48
100/0 0.6C100-48
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To assess cell adhesion. L929 fibroblasts (60,000 cells per scaffold) were
seeded on the scaffolds. Figure 5.20 represented cell adhesion property of different
scaffolds in term of the number of fibroblast cells attached on each scaffolds at 5 h
after the culture. It should be pointed out that there was no significant difference in
the cell adhesion property among these scaffolds except the gelatin scaffold prepared
from 0.4wt% solution concentration, 0.44 (p < 0.05). The adhesion of 0.44 scaffold

seen in Figure 5.1. However > physiedleproperties, compressive modulus and
swelling property of 0.4 S0t 2@ é the biodegradation rate of 0.44

Therefore, it could be concluded

scaffold was too fast.ig
that the porosity
scaffolds even if the gWwed pog perties

When conside : ! Focls i \~ lds, the results showed that cell
adhesion on these scaffdlds l itla he collagen (control) scaffolds (p
>0.05). It was suggeStedha 0 Si gnificant d e for initial cell attachment on all

sthe cell to penetrate into the

! \!
collagen/gelatin scaffolds gOmpatiig o co agen scaffolds.

ﬂ‘lJEl’J“fIWlﬁWEl']ﬂ‘i
ammnimum'mmaﬂ
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L929 fibroblasts (30,000 cells per scaffold) were seeded on the selected
scaffolds to evaluate cell proliferation. Figure 5.21 (a) and (b) illustrated the number of
fibroblast cells proliferated on each scaffolds at 24 and 48 h after the culture,
respectively. The results showed that the proliferation occurred on all scaffolds. The
number of cells on the scaffolds at 48 h was doubled from that at 24 h.

At 24 h after the culture, the number of cells between two solution

imilar. There was no significant difference

concentrations of each type was '

ifera g(folds compared with the collagen
(control) scaffolds at the i .05).

ignificant difference of the number
ollagen (control) scaffolds at
the same solution coneentzatigny de e the number ofieells was doubled. In contrast,
the difference in the o of fell: betyveen twoisolution concentrations were found
in all scaffold types, esgecifllf in pombe _ aiid CG20/80 scaffolds (p < 0.05).
The reason of this differafice _ 50 ¢ .' 10logy of the scaffolds, as previously
obvious that the scaffolds obtained from

dsity than the scaffolds obtained from
- caffolds from 0.4wt% solution

explained in the case of
0.4wt% solution concentfa
0.6wt% solution conce
concentration couldatlo: ----'-"="‘=_: even though they had
less mass of biomatemal (; cells to attach. By considering

other physical properties such as compressive modulu§ and swelling property, it was

found that tﬁ ‘rﬁ ﬁmﬁfﬂ ﬁiferation. Compressive

modulus an ﬂﬂjﬁ 1 séaffol ::I om 0.4wt% solution

concentration were less than those from 0.6wt%#&However ;bf ﬁ:ﬁj morphology of
nsate

satt 80 § SR bl bool i

their ph%'sical properties. Therefore, morphology of the scaffolds was the most

isadvantages of

important factor for cell proliferation property.
By considering only collagen/gelatin scaffolds which were the goal of this
study, it could be concluded that all collagen/gelatin scaffolds could induce the cell

proliferation as good as the collagen (control) scaffolds could.
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Figure 5.21: 1929 cell proliferation on different scaffolds in 10%DMEM at each
time after the culture (a) 24 h, (b) 48 h (n = 3, * p < 0.05 compared with
controlled collagen scaffolds at the same solution concentration, ** p <
0.05 compared between two solution concentrations of the same type

scaffolds).
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Serum containing a variety of nutrition for cells could stimulate the cell
proliferation and sometimes lead to the overestimated number of cells. The cell
proliferation of scaffolds in 10%DMEM containing serum would not only be the
influence of scaffolds but also the influence of nutrition in serum. To remove the
effect of serum on cell proliferation, serum free medium (SFM) was allowed to test as
the procedure in the case of 10%DMEM. The effect of the scaffolds on cell

proliferation could then be o l/‘ igure 5.22 represented cell proliferation

property in SFM.
Without the effec

cell proliferation (p

s O‘I‘A a 30/70 scaffolds showed dominant
e while the others showed no

of agen (control) scaffolds at the

significant differen
same solution con proliferation of scaffolds
at only type A gelatin scaffolds
showed a significant proliferation of 0.44 scaffold was
found over 0.64 sca

At 48 h after the cu

proliferation in 10%DM

d n. ber of cells was not as much as the
¥ By comparing with collagen (control)

scaffolds at the same so c were some differences among

them. For scaffold "?275'“'7=_=7’“’i'7-‘"5# ration, the number of cells
[
of only CG10/90 sca#fold \‘é‘T at of the control (p < 0.05).

For scaffolds preparéd from 0.6wt% solution concenfration, the number of cells of
type B gelati ﬁﬁﬁ it - i M] that of the control (p
< 0.05). By m;i SZI Elmmﬂth I‘I%M with and without
serum, it could be assumed that th& CG10/90 sc d Awt% solution
conceaamr\l'ﬁtﬁ msﬁ mucﬁgﬁﬁﬁﬁmﬁ most suitable

compos%ion for scaffold obtained from 0.6wt% solution concentration was CG20/80
scaffold. However, none of the scaffolds showed significant lower number of cells
than the control.

The comparison between two solution concentrations showed that the number
of cells of 0.4CG10/90 and 0.4C100 scaffolds were significant higher than that of
0.6CG10/90 and 0.6C100, respectively. The other scaffolds obtained from 0.4wt%

solution concentration also showed a trend of slightly higher number of cells than that
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from 0.6wt%. The reason was due to the difference in their morphology as indicated
previously in the cell proliferation in 10%DMEM containing serum.

By considering only collagen/gelatin scaffolds, the conclusion was the same as
that of the proliferation in 10%DMEM containing serum. All collagen/gelatin
scaffolds could induce the cell proliferation as good as the collagen (control)
scaffolds. The results proved that gelatin could be used to partly replace collagen for
scaffold fabrication. Resulting blend caffolds such as CG20/80 still possessed

comparable properties, espee the iferation, to those of collagen scaffolds.
Therefore, a large amoifitof- sllages é}ld fabrication could be reduced

leading to a much lowg

AULINENINYINS
ARIANTUNIINGIAE
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Figure 5.22: 1929 cell proliferation on different scaffolds in SFM at each time after
the culture (a) 24 h, (b) 48 h (n = 3, * p < 0.05 compared with
controlled collagen scaffolds at the same solution concentration, ** p <
0.05 compared between two solution concentrations of the same type
scaffolds).
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5.2.3 L929 cells spreading area observation

L929 cells spreading were observed from the cell seeding side down to the
plate-exposed side, as described in section 4.3.9. Figure 5.23, 5.24, 5.25 and 5.26
showed the penetration of cells on 0.4CG20/80, 0.4C100, 0.6CG20/80 and 0.6C100
scaffolds, respectively.

For 0.4CG20/80 and 0.4C100 scaffolds, 1.929 cells were found throughout the
thickness of scaffolds (posi ‘~ \ 1\ 19, shown in Figure 523 and 5.24,
respectively. On the contragy, " arClysfound at position 4 for 0.6CG20/80
and 0.6C100 scaffolds; Ad 5.26, respectively. The less of
cell penetration of 0.6 ~ folds than that of 0.4CG20/80 and
0.4C100 scaffolds was g s -. - Orpho ogy The denser 0.6CG20/80
and 0.6C100 scaffolds pgéb: wnderit ‘ a S of cells from the seeding side,
\\\ :\.‘ 520/80 and 0.4C100 scaffolds

gl (i [+ )
were more than those o 520/80 and 0°6C100 scaffolds because of the reason

especially from positi d explain the number of cell

presented in Figure 5

described above.

ﬂ‘IJEl’J‘VIEWlﬁWEI'mi
ammnimum'mmaﬂ
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(a) cell seeding side ™
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Figure 5.23: SEM mi-po graphs of slane-of 0.4CG20/80 scaffolds at
position (a) 1(cell seeding side), (b) 2, (c) 3, and (d) 4 (plate-exposed
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(a) cell seeding side
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Figure 5.24: SEM micrographs of erc

position«@) 1 (cell seeding side), (b) 2,
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(a) cell seeding side e
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Figure 5.25: SEM mlgographs of cross-sectional planeaf 0.6CG20/80 scaffolds at
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5.3 Cost of scaffolds

Collagen, which was widely used as material for skin substitutes, was
relatively expensive. The aim of this study was to substitute a portion of collagen
scaffolds with a much cheaper material, gelatin. The approximate costs of both

materials were compared in Table 5.3.

Table 5.3: Costlof gbllagen and gelatin

N\

Materiak. """"‘-‘-"nﬂ""r pproximate cost (per unit)

Gelatin (lab'g 2,160 baht/kg

Collage T\ 0,000 baht/kg of 0.6wt% solution

that the collagen/gelatig tead of the collagen scaffolds

From the resultsg® /(/ - » ‘\ 0 perties, it was seen obviously
without the limiting®of €SP \
CG20/80 and CG10/99fscaffalds ré" b BN

90% respectively. Thusg€olle ? gela inscaffolds
o Iesp y gony e
used. Table 5.4 illustratedst &FPRIOXINE pst Of collagen in scaffolds fabrication.

C100 scaffolds, CG30/70,
ed collagen by 70%, 80% and
ed to much lower cost of material

Because gelatin was very ch W collagen, cost of gelatin would be

neglected in this a gul; téd in Appendix C, was on the

"different scaffolds per sheet

0
Table ﬂ ﬂﬁféﬂllﬂﬂ w?WIﬂ:@'ﬂlﬁ (10x10x0.5 cm?)

basis of equal a ‘l‘r‘i
(10x10x0.5 cm?) we@reporte

Solution Scaffold ¢| Costof scaffold * | Savinggost ** | Saving cost
conc P ‘ ’Tﬁﬁ (%)
%’rﬁ*ﬂaﬁﬁﬁa‘ Ve 9 T
0.4 Wit% CG30/70 297 693 70
CG20/80 198 792 80
CG10/90 99 891 90
C100 1485 0 0
0.6 wt% CG30/70 446 1040 70
CG20/80 297 1188 80
CG10/90 149 1337 90

* Material (collagen) cost only

** Saving cost compared to collagen scaffolds
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In conclusion, the costs of collagen/gelatin scaffolds were much lower than the
costs of pure collagen scaffold while their physical and biological properties were

comparable to those of collagen scaffolds.

5.4 Chondroitin-6-sulfate/collagen/gelatin scaffold

As previously described. ing s .1 that ECM structure in natural dermis
composes of type I collagen erosslink y ycosaminoglycan (GAG), such as
chondritin-6-sulfate (CS roperties of scaffolds to be more

CS/collagen/gelatin s position. From the blending,

it was found that CS ¥4 5) type A gelatin. Blending together of CS, gelatin
and collagen could g om0 geneous \é ., because there was repelling
between CS and gelagin. suspensions of CS/collagen/gelatin were
obtained. The suspensigns fofi C8 llae gelat ere unable to cast uniform

scaffolds although they ; cly frozen in liquid nitrogen. Non-
S
homogeneous scaffolds could 5t be emp ¥for the in vitro cell culture. As a result,

CS might not be a suitable GAG{er call in scaffolds.

4
I
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