CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Characterization of Non-Photg

Vyked Chitosan Scaffolds

From SEM micrographscof c ss—s%he scaffolds (Fig 4.1), it is
clearly shown that differeqieffe } : ,\\:_ different pore morphology.
The lower temperature gaw® th aller \
that the difference in Treezingte / it \\ !h erence in heat transfer rate.
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Lower freezing temperé 1 , ;.?\ 1\\\ , erefore a smaller pore size

was formed [64]. This#Siraila resﬁ \ d by Chung et al. on the
scaffold from alginate/ga 1?‘%5 sc with pore size of ~8-210 pm.

In addition, in our study, it as f¢ fornd tha

4.1.1 Morphology
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Figure 4.1 SEM microgdp owt chitosan scaffolds prepared

i o
from different freezing temperatures:cA) - iB), "C and C)- 196 C.
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prepared from different freezing temperatures: A) - 107 C,B) ~80C and C)- 196 C.

As it is well known that crystalline structures of shrimp and squid chitosan
are different as o and B forms, respectively. However, there were no significant

differences in pore size and morphology of the scaffold prepared from shrimp and

squid chitosan (Fig. 4.3).
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As well as the chitosan type, chitosan concentration did not significantly
affect the pore size and morphology. In addition, the re-hydration step, to get rid of
the remaining acetic acid, did not change the mean pore diameter of the scaffolds
(Fig. 4.3). Overall, the results clearly show that the freezing temperature is the only
factor that has a significant influence on the pore morphology of the scaffold.
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Figure 4.3 Effect of chitoss hifesan on average pore

md after re-hydration.

4.1.2 %Porosity j | y
The scaﬁ%éﬁsﬂf@m %:Wo%]t';}ﬂ @hin sponge. Fig 4.4

shows the effect®f chitosan concentgation and freezing temperature on the porosity

of the ﬂrﬁ@[ﬁwm ﬁ?ﬁ ﬁﬁqué‘;ﬂms did not

affect %gi)rosxty, ereas lowering the chitosan concentration resulted in higher

diameter of chitosan 1}! [abricate

Yoporosity, due to less amount of substance. The chitosan scaffolds with 95 to 98%
porosity could be prepared, making them suitable for tissue engineering application.
The porosity of squid chitosan was similar to that of shrimp chitosan (data not

shown).



30

O 1%wt l2%wt & 3%wt

100
99
gt - =] =
8
g
S 97 +—
96 . (- EEE_.
95 .
196
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4.1.3 Mechanical Pro
The scaffolds prepafed #vete sibj o compression test. The resulting
. B AT ; .
scaffold from 1% solution e 1t was apparently too fragile
for the test. The ¢ s prepared from both
shrimp and squid ¢ . ere was no significant
difference in the comptession modulus between chit from two sources. As
expected, the chﬁs' ‘wsﬂm %fﬂﬁpi;ﬂ \ﬁen the concentration
of the solution i“ d ;gl els ifer

¢ o o/
awqﬂﬁﬁﬁfm D Wt&] ﬂrﬁiﬂ compressive
modulus Was obtained when lowering the freezing temperature. This could be a
result of the different morphology obtained from the different freezing temperature (-
10, -80, and -196 °C). The columnar structure of the scaffolds fabricated at —80°C

and —196°C seemed to yield a higher resistance to force than the round pore obtained

at—10°C.
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4.2 Characterization of Photo-Crosslinke ftosan Scaffolds
A P
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chitosan on compressive

oL it by means of adding 1,3-
Y 4 cetic acid). DAZ can be
/, thus can react with the chitosan chains.
Synthesis of DAZ and chagacterization of the photo-crosslinked chitosan scaffolds
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Scheme 4.1 shows the reactions between epichlorohydrin and sodium azide

Crosslinkingofjthé chitosan scafic

diazido-2-propanol (DAZ
excited to produce nit@e radical ' by"U

for the synthesis of DAZ. Epichlorohydrin (1) was ring-opened by azide ion yielding
1-azido-3-chloro-2-propanol (2). Ring closure of 2 resulted in the formation of
glycidyl azide (3) and chloride ion (CI). Ring-opening of the epoxide 3 by another
mole of azide ion resulted in the formation of DAZ (4) [62].
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Table 4.1 Elemental analysis result of DAZ.

Analytical
Element (%) Found
calculation
C 25.35 24.51

22 4.62

& 56.00

4.2.2 FT-IR Anal

by FT-IR. Fig. 4.7 shg R spegt o H) added with 50% mole

V irradiation time. For pure

i : ‘T\\\* an Scaffolds
Characterization ofg#thefT :» ? & an scaffold was carried out

of DAZ (or SH:DAZ = 0.
chitosan (Fig 4.7 A), the
stretching vibration of —OH (} )

s

ong 4 00-3500 cm™ is assigned to the
:ﬁ?— \

H band aks at 2960-2850, 1642, 1565, 1380

and 1150-1070 cm™ are assigned fo-€-H stretChing, amide I, symmetric deformation

anfl” C-O stretching bands,

of -NH;*, CH; v11 7
respectively. The N -;f gnal was obser AN 2 (1590 cm™) because
chitosan was dissolved@ 2% ace ‘before ana ysisﬁ6 67]. For the DAZ-added
scaffolds (F1g 4.7 B, C agd ), a strong ba@of stretching vibration azide appeared

at 2108 cm’ Tﬁsﬁﬁt@ %W‘%{Iw%}ﬂ.ﬂ @ peak height ratio of

azide (2108 cm™9land amide I peaks ‘(1642 cm’) were determined for the samples at

variou mmn ?mgrﬁ f]t m ﬂrﬂx ak ratio was
reduced 68 he irradiation time increased from 0, 40 and

60 min, suggesting that crosslinking by azide increased with irradiation time. Since
the azide group can be decomposed by photolysis and thermolysis to release N»,
giving rise to a highly reactive nitrene group. The nitrene can react via several
nonselective chemical reactions, including insertion into C-H bond, H atom
abstraction, dimerization of NH to diimide (NH,) [59]. All of these lead to

crosslinking between the chitosan chains (Scheme 4.2).
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4.2.3 Degradation of Chitosan by UV Irradiation
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Figure 4.8 Effect of irragiatig me ¢ \\ shrimp chitosan.

It is generally knoV at ¢ ;*"E ‘.a.-: be Sgra ded by several ways such as

ft‘!’.{ :
enzymes, acid hydrolysis, hydro atment and photo-radiation [68]. In

this work, the chitosan scaffo therefore, the degradation of

shrimp chitosan was\iiwestigated by GPC T 1 7S 5aOWS 1 - reduction of molecular
; A

‘"i . The molecular weight

continuously dropped a1 fid reached one half of the ong fial molecular weight after

approximately Iﬁ ﬁ< zr‘ﬁi( QI scission of chitosan
by UV irradiatj ed ?T d that linked two
glucosamine units.

ammnmummmaa

- 'y:.
weight that clearly staied
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4.2.4 Degree of Crosslinking
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Figure 4.9 Degree of crossli '; VAZzadde osan from shrimp (SH) and
squid (SQ) (the mole ratio i ;3;5;.407-1_ at'different irradiation times.
The insoluble, resid as related psslinking, due to the fact that
crosslinked ;;’f_—"‘ IF}I sslinked one. As shown

in Fig 4.9, the crosslink i g 0S;i '. reached a steady amount

within 40 min of irra ?tlon whereas that of the DAZ-added shrimp chitosan
required a lon ﬁmﬂ( Elj@" for this observation
is not yet kno co ated to the molecular welght of squid chitosan
RS RN A ng A
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Figure 4.10 Degree of ¢
DAZ (1:1, 1:0.5 and 1:0.1

08 of shrimp chitosan (SH) to

— =
Various mole ratios of s dmp chito d DAZ on degree of crosslinking at

various irradiation time wa hat the degree of crosslinking

was higher when J mole ratio studied. In

addition, when a hig C f\“ .' sher degree of crosslinking

and shorter crosslmkm 1rrad1at10n time were obtamed owever, after 150 min, a
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4.2.5 Shape Retention

Figure 4.11 Images of shrimp chi ffe ds.;"'. A) before, (B) after swelling in

P
pH 5, and (C) photo-crosslinked-clitiosan (¢ DAZ = 1:0.5) at 40 min irradiation

e TR
after swelling at pH 5. L0

As generally?* « 7 1’?';* specially at lower pH.

Certainly, the size of s

llen pore can change from an oﬂinal size which may be an

obstacle to cell attachmehgsand growth. The factors such as pH, mole ratio of

142 i B HH) 103 VI HEN S o s

chitosan scaffold$ were studied. Fige 4.11 showsgghe image of t&g scaffolds from

shrimp qlwqba.a ﬂiffu;‘ﬂ% ’51 651 ﬂ@’a}qﬁfrﬁ the photo-

crosslinkeégl scaffold (C) after swelling at pH 5. The photo-crosslinked chitosan

scaffold retained their shape to almost its original size. Contrary to the non-

crosslinked chitosan, it expanded rapidly and lost its shape after 1 day of soaking.

Considering factor of mole ratio SH:DAZ at pH 5, it was found that
%dimension change decreased when the SH:DAZ and the UV irradiation time were
increased (Fig. 4.12). With the mole ratios of 1:1 and 1:0.5, the dimension increased

30-80 %, while at the mole ratio of 1:0.1, % dimension increased to >100%. These
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evidences therefore confirmed that the morphology of photo-crosslinked chitosan

can be kept almost constant in acidic condition usage.
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Figure 4.12 Effect of mo D.5 and 1:0.1) and irradiation

time on shape retention o 5 (comparing the results to

original chitosan).

At neutral pF y" B-AtS - tiote-were-no-sisnreant difference in %dimension

A

change even the mole r atioh time were increased. The

untreated chitosan scal old was stable only in neutral p , whereas the one made
from photo-cro, i utral pH. Moreover,
they can retamﬂ‘ml mﬁﬂ?ﬁME a good result for a
BV N iV RPNERDE

3 3
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Figure 4.13 Effect of mol€ rafios ¢ ‘ A , 1"'- nd"1:0.1) and irradiation time on

shape retention of scaffg _ paring the results to original

chitosan).

4.2.6 Morphology of Pheto f;;};‘ “ i itosan Scaffolds

! AUEINENTNYINST

40.00

QW‘&Tﬂ‘i HANPNE

Pore size (um)

2040

0.00

SH:DAZ 1:0.05 SH:DAZ 1:0.1 SH:DAZ 1:0.5

Various mole ratios of chitosan and DAZ

Figure 4.14 Pore size of chitosan and photo-crosslinked chitosan with various mole

ratios (1:0.05, 1:0.1 and 1:1) at UV irradiation time 40 min.



42

In addition, from Fig 4.14, the pore sizes of photo-crosslinked chitosan were
about 40 um for all samples having various DAZ amounts, and they were not
significantly different from the non-photo-crosslinked chitosan (35 pum). Therefore,
it can be concluded that DAZ did not affect on ice crystal formation during freezing

process of the scaffold. Also, DAZ did not affect the morphology of photo-

crosslinked chitosan. The pore struc photo-crosslinked chitosan was the same
interconnected round pores as-obtained ¢ on- photo-crosslinked chitosan
(data not shown). / _.-‘
4.2.7 Compressive sslinked Chitosan Scaffolds
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Figure 4.15 Effect of mole ratios of SH and DAZ, and irradiation time on

compressive modulus.
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Table 4.2 %Degree of crosslinking of SH:DAZ (mole ratios 1:0.05, 1:0.1 and 1:0.5)

at 40 and 60 min irradiation time.

UV irradiation time Degree of crosslinking (%)
(min) SH:DAZ (1:0.05) SH:DAZ (1:0.1) SH:DAZ (1:0.5)

40 2.0 89 60.2

60 66.9
The compressive inedili oF ph 7 Kedvehitosan at various mole ratios
of DAZ and irradiation i oiConipared with scaffoldifrom pure shrimp chitosan
(SH) (Fig 4.15). At ong 7 fwas S spectec se lowering of mechanical
strength of the scaffoldsgThgfadd fon of plz ticizel i crystalline polymer has an
effect on the reduction @f weghanical Pro perties, ¢ N Olymer such as stiffness,

0lds mixed with DAZ but

d for the compression test. It was

hardness, and brittlene
without exposure to light

found that the higher amo scaffold had a lower compressive

bicdsive modulus decreased
g gested@hat photo-degradation of

chitosan occurred during longer irradiation tige which data already shown in section

2z o A A Y S H o

irradiation time ﬂd slightly dropped with a longer irradiation time (60 min). This
L]

also sh ﬂbﬁ»mpﬁmda %El&q % of chitosan

but lnﬂueqce of crosslinking was superior to degradation.

However, at mol

when irradiation timeExcreas d.
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4.2.8 Cytotoxicity

The cytotoxicity of samples was evaluated using direct contact test with 1.929
cells from mouse. The results are shown in Fig 4.16 A to D. The high density
polyethylene (HDPE) is known to be non-cytotoxic, so it was used as a negative

control, while natural rubber is known to be cytotoxic and was used as a positive

| @J) UV 15 min and D) SQ:DAZ

(1:1) UV 40 min showed Normalk+ r 48 h of incubation. They were

control.

The cells spread in A

well attached and stained € #These Q that both photo-crosslinked

chitosan scaffolds were

min

SO:DAZ (1:1)
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Figure 4.16 Optical micrographs (at original magnification x 100) of neutral red
stained 1929 cells after 48 h incubation in direct with: A)HDPE (negative control),
B)natural rubber (positive control), C)SQ:DAZ (1:1) UV 15 min, and D)SQ:DAZ

(1:1) UV 40 min. Material surfaces are seen as the area on the left.
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