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amoxicillin releage from blend films with 80% chitosan content at pH were 92.7%,

81.1%, 76.6%, and 37.2%, respectively. Drug release properties of the films with various
blend compositions were also investigated using a modified Franz Diffusion Cell and pig

structure. In addition, 'V of hydrogen bonding

interaction between chitosan L!l silk fibroin. Drug

skin was used as material representing human skin.
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CHAPTER 1
PREPARATION AND CHARACTERIZATION OF CROSS-LINKED
CHITOSAN/SILK FIBROIN BLEND FILMS

ABSTRACT

Natural polymer blend films ¢ gsed of chitosan and silk fibroin were

fibroin, with and without

Az m,j‘hem;he ratio of chitosan to silk
g / / # mechanical properties of
& it Ii 7

: -ﬂ- . blend films exhibited a
h\ \

dramatic change in thedég / _ ersed in acidic solutions. The
degree of swelling of e fil "cr; ased ast \ itosan content increased; the
blend film with 80% chig@safl doitem i the \méxiium degree of swelling. It
EIBAD R AN s which helped the films

retain their three dimensional efire ddition, FTIR spectra of the films

glutaraldehyde as a cros
fibroin and crosslinking

the blend films were stud

appeared that crosslinking iz

showed evidence of h}.rdrogen _interaction between chitosan and silk
fibroin. For the effect of salt (s immersed in various types of
= < * d FeCl. The films

immersed in AICl; a ,, eCl ivethe maximum degree of

swelling. The effects nf AICh and FeC I; concentrations on swelling behavior

e e T S T e
iyl Mﬁﬁﬁiﬂ il [FT)

INTRODUCTION

Increasingly, natural polymers are becoming more important because they are
renewable resources and have low costs. Due to their interesting properties, including
nontoxicity, biocompatibility, and biodegradability, natural polymers have been
investigated with a view to expanding their utilization. Chitin is the most abundant

naturally occurring biopolymer and is found in crustacean shells and lower plants



such as mushroom and cell wall of bacteria. Chitin is mainly poly (B-(1-4)-2-
acetamido-D-glucose), which is structurally similar to cellulose except that a
secondary hydroxyl group on the second carbon atom of the hexose repeat unit is
replaced by an acetamide group (Andrady and Xu, 1997, Brack et al., 1997). Chitosan
is an aminopolysaccharide derived from chitin via deacetylation by alkali hydrolysis.

It is a copolymer consisting of poly (p-(1-4)-2-acetamido-D-glucose) unit and (B-(1-

4)-2-amino-D-glucose) unit with the lati Uly, greater than 75% (Li et al., 1997)
Chitosan is a white, odorless, biodegradatiledsubstance. Because of highly
crystallinity structure, chitosan 15" insol i éganic solvents, acids, and

alkalis. However, at ambie i in weak inorganic acids
ation (Li et al, 1992).

e used to cast films. Its

over a wide range of
Viscous solutions of chit

film forming properties 1estigated, Chitosdn can be blended with

svnthetic polymers, such nolylvin olol) A and Sharma, 1992;
Nakatsuka and Andrady, 1992 v a Ca id) (\Wa tal., 1997), and poly(vinyl
pyrolidone) (Quarashi er a/.," 195 " prod Whose physical and chemical

properties have some potential applidz --'. chitosan can be blended with
biomaterials, like cellulose (Ha gaw 25°1994), silk fibroin (Chen er al,
1997), pectin (Yao el a .' 3 ang ol al, 1901 ﬂ genate (Kim et al
1992) etc. A blend of chite t

riboflavin and insulin for Q:ical application (Shen ef al., 9% 8). In addition, a blend

of chitosan/poly(vi iv M od compatibility
(Fang er al., 1991 }@ ﬂ;ﬂ ﬂ]ﬂ eﬂﬁmln | transition of silk
fibroin ind le iif ain_of chit can induce
transfbrmam iﬁn&)ﬁ 5 mcﬁ Q f}]ﬁn E.L- f-sheet

confnrmatmn because of the occurrence of hydrogen bonding between chitosan and

studied as a carrier for

silk fibroin. In addition, chitosan can be prepared as a hydrogel that is very in the
medical area. Genpeng er al. (1991) developed a collagen-chitosan composite
hydrogel for contact lens application.

Bombyx mori silk fibroin, a naturally occurring high-molecular weight fibrous
protein, has recently been received a considerable interest. The majority of silk fibroin
has highly periodic regions containing various types of amino acids. The basic, highly

repetitive sections consist mainly of glycine, alanine, and serine (Shen ef al., 1998).



The sum of these amino acids is greater than 80 mol% of the total amino acid
composition. Silk fibroin has been considered for application as a biomedical material
because of its microbial resistance, biocompatibility, and nontoxicity (Mathur and
Narang, 1990). It can be prepared in the forms of powder, gel and film. Silk fibroin
films often lose their flexibility and elasticity, so in the dry state, they are very brittle
and unsuitable for practical uses (Freddi ef al,, 1995). To solve this problem, silk

favorable impact of naturall: 15 applications, especially

in the medical field. Blends inopolysaccharide, are

formational transition
.’. 1997) and these two

of great interest. It was re
of silk fibroin from rando
biopolymers can also fornmyfa ' .]. sinterpenetrating polymer
network morphology that is segls) mﬁ' ar ' an doncentration changes. Chen, er
al. (1997) studied the swelling Etl-" ‘-‘:ﬂ" . 4 psan/s k fibroin blend film in pH

buffer solutions, showing that the & *re remarkably swollen in acidic

solutions. In addition, _the d fee of swellif he blend films in various
concentrations of Al ":’“'“_":“ AWwHS  RISO O fE = “w"‘w- the effect of
s 40 AL

concentrations of other sait! typ “muf chitosan/silk fibroin

blend film has not been wid e

In this stu mm : _ ed with varying
chitosan content. ﬁu omp SWEITﬂTSicaI properties,
mechanical ]W ﬁ‘gr swelling
behavior ﬂﬂ(ﬁl}jﬁm mw‘l’j ﬁrﬁlnuj 10us types

of salt snlutmns The effect of varying concentration of various salt types on the

investigated.

swelling property of the blend films was determined. Furthermore, the effect of
crosslinking agent on the mechanical properties, physical property, and swelling

property was also investigated.



EXPERIMENT

Materials

Chitin was prepared from shrimp shells kindly supplied by the Suraphol
Food Public Co., Ltd. Silk fibroin was obtained by degumming of raw silk fiber.
was analytical grade of 99.9% wiw,
Ltd.

Glacial acetic acid purchased from J. T

and 50% w/w glutaraldehyde was. a Co,

Equipment
as sieved and collected

s ']la ;,,l mete
The viscosity-average molééuia ghitosan was determined by using
Cannon Ubbelohde-type number Lﬁ Capi ' . Jeter.

FTIR SEﬂ.T'Dl": }_._

The FTIR spect uf chitosan/silk fibroin blend s were recorded with
Vector 3.0 Bruker m tion of 4 cm™. A
frequency of 4%5&1 %m S‘Whﬁ% triglycinesulfate
detector (DTGS) mt?lﬂs];mﬂlf' ic detectivityof 1%10” cmddz
'5] WIANNIEU NW]'J\WEH@ t

ng Angle X-Ray Diffractometer (WAXD)
The wide-angle X-ray diffractometer used in this study was D/MAX-2000

series of Rigaku X-ray Diffratometer system. X-ray of Cu k-alpha at 40 kV/30 mA
were used as a source. The k-beta filter was used to eliminate interference peak.

Y

Divergence slit and scattering slit at 1 deg together with 0.3 kV/30 mA were used as a
source. The k-beta filter was used to eliminate interference peak. Divergence slit and
scattering slit at 1 deg together with 0.3 mm of receiving slit were set on the
instrument. The experiment was performed in the range of 5-30 degree with scan
speed 5 deg/min and 0.02 deg of scan step.



Thermogravimetric Analyzer (TGA)

The thermogravimetric analyzer used to evaluate the thermal stability of the
blend films was TGA 5.1 Dupont Instrument model 2950.

lo ile Test
The strength of the blend films was chdracterized by Lloyd Instrument LRX

series of Lloyd tensile tester with -q.‘___ ximum !

The Brugger gas pesm€abibify fesie _ in Figure 1.1 was
used to detect the permeabiliigof of s through films. The flow rate

of oxygen was controlled at 10§

| WWW‘%‘W EI’Tﬁ 3
s VAN TUURINY TN

Preparation of Chitin
Chitin was prepared by the method of Shimahara e a/. (1988). The shrimp

shell was cleaned and dried before grinding into small pieces. The decalcification of
shrimp shell was performed by immersing in 1 N HCI solution for 2 days with
occasional stirring, and the decalcified product was washed until neutral. Protein
removal was performed in 4% w/w of NaOH solution by boiling further at 80-90°C
for 4 h. The deproteinized portion was washed with deionized water until neutral. The
product obtained was chitin,



Pr ion of

For chitosan preparation, chitin flakes were deacetylated by heating in 50%
by weight of NaOH solution containing 0.5% by weight of NaBH, added based on the
weight of chitin to prevent depolymerization. The ratio of chitin to NaOH solution
was | g of chitin in 10 ml of NaOH solution. The deacetylation was performed in an

autoclave at 110°C for 1 h. The d led product obtained was washed
exhaustedly with deionized water ' ulting chitosan flakes were
vlation of chitosan is based

dried in an oven at 60°C for 24

on infrared spectroscopic gfieastier ] Vs (1978), About 3 mg of chitosan
powder, passed through a 2 ' v k Joet anically mixed with 400 mg
of potassium bromide pOwdér 16 pre f; \: SKL AR infrared spectrum was
YA0O el bsorbances at 2878 cm™! (the
C-H band) and 1550 cm”
method. The degree of deace

evaluated by the baseline

from equation 3.1.

(1)

e Wﬁﬂﬁmmmm

ARG UATINYNE
) P
Viscokity-Average Molecular Weight of Chitosan
Different concentration solutions (0 00, 0.00625, 0.0125, 0.025, 0.05, and 0.1
g/ 100 mL) of chitosan in 0.2 M acetic acid-0.1 M NaCl-4.0 M urea were prepared.
An Ubbelohde viscometer was filled with 10 mL of sample and then equilibrated in
water bath, which maintained the temperature at 25°C. The sample was pass through
the capillary once before the running time was measured. Each sample was measured
3 times. The running times of solvent and solutions were used to calculate the relative
viscosity, specific viscosity, and reduced viscosity. The reduced viscosity was plotted
against the concentration with the intercept being the intrinsic viscosity.



Relative viscosity (1 1) = Ut (2)
Specific viscosity (ng) = (tt)-1 (3)
Reduced viscosity (Ned) = Ne/C (4)

(5)

Intrinsic vi

When t is the runit is the running time of
solvent and C is the conce »
The viscosity-a 'was determined based

on the Mark-Houwink equg

(6)
where [n] is the intrinsic viscosity, M% verage molecular weight.
Preparation of !ji_y_:,_"_ Olutio! 7 r‘
Chitosan flake w%rie 2 for 1 h before u.a Chitosan solution was

prepared by dissolution of gh osan in | % we:ght acetic acid solution. The

chitosan solution »ﬂ w Q%E}Jﬂgﬁ Wﬁq ﬂ%ramr to get rid of

air bubbles before udgl

ARAIDIBAIMINGIAY

To obtain silk fibroin, raw silk fiber was degummed by heating in 0.5%
Na;CO; solution at 100°C for 1 h followed by washing with boiling water and drying
at 60°C for 24 h in an oven. Silk fibroin 6 g was then dissolved in 94 g of 2:2:8 by
mole of CaCly: EtOH: H:O solvent system at 100°C for 15 minutes (Chen ef al.,
1994). The resulting silk fibroin solution was filtered through the sintered glass filter
and subsequently dialyzed against distilled water for 7 days. The dialyzed silk fibroin

solution was filtered and diluted to achieve a concentration of 1% w/w.



Preparation of Blend Films

The blend films of chitosan and silk fibroin were prepared by mixing various
ratios of 1% by weight of silk fibroin solution and 1% by weight of chitosan solution.
The blend solution was stirred slowly for 12 h and left overnight to get rid of air
bubbles before casting onto the clean dry petri dishes in a dust-free atmosphere at
room temperature. These films were allowed to dry at ambient temperature for 72 h.
When the films were dried completely, they aked in 0.5% by weight of NaOH

in MeOH for 24 h to neutralize the acid an ed exhaustedly with MeOH.
The blend films were dried #tambier tlgmp stored over silica in a
desiccator before use. F slinked c ‘:E: ilk fibroin blend films,

dded mnto"the blend solution at the

glutaraldehyde used as cra
amount of 0.01 mole/glucqsafiig

FTIR Spectra of Chi
FTIR spectra of chito

‘ .u\‘-: on the Bruker Fourier
el DT j' )

transform infrared spectrophoto h 16 scans at a resolution

of 4 cm™. The samples with the im were attached to the sample

=]

80 cm using a deuterated

I

frames and scanned from

triglycinesulfate detector{ BEGS ) with-spectiic-deiecitvi \
¢

i o il 5
Thermogravimetric Anal f Chit broin Blend Film
atmﬂs;:her:ar:n :i:ﬂummﬂm?ﬂﬂ) J iAtua: 8 :1': :: ::;1;:
) ’eﬁi‘i’ﬂ‘im UNINYINY

alh

The wide-angle X-ray dit‘fractagrams of the blend films were recorded at
room temperature using Rigaku X-ray Diffractometer system, Model D/Max-2000.
The X-ray source was Cu k-alpha ( 40 kV/30 mA). The k-beta filter was used to
eliminate interference peak. The dried films with thickness of 25um were attached to
the sample holders and 26 scan range was from 5 to 30° at a speed of 5°/min and 0.02

degree for scan step.



Swelling Behavior Determination
The swelling samples were cut into the disk form with diameter of 16 mm

and 25-30 pum in thickness. The samples were immersed in pH buffer solutions at
various pH values and in various types of salt solutions. The degree of swelling was

calculated from equation 7.

(7

Degree of s

where W, is the weight of dry.fi is the weight'ofiswollen film.

‘ . “break \\,\ end films were performed

with a Lloyd Tensile Tester accfrd ullatthd standard AST
i N

N iﬁ%g | :. 1 : 'l\l\.

‘7' 4

*\ 382, at a gauge length
ples was 25 mm x 150
mm and the thickness was 35 jcal prop rties were determined in
s were dried at 60°C for 24 h

are soaked in distilled water

both dry and wet states. For the
before measurement. For the wet staté &

for 2 days to reach equilibfiem before testng

Oxygen Permeabili m tin m
f, o QS
R 3 1P 1121014 e N
with Brugger gas pmi v I s s cat'into®he circular form

with the diameter if 110 mm and about 10 pum in thiekness. The filnfsAvere sealed

completely % ’1 ﬁ ?ﬂamﬁfmme’r}lﬂlﬂgl&&s of the

permeability cell were clamped together. The 'O’ ring ensured an air-tight seal

between two halves. The oxygen gas was circulated through the top half of the
permeation cell and vacuum applied below the specimen until all the air had been
removes from the specimen. Vacuum was then turned off and the rate of oxygen gas
permeation through the films was recorded with times. The oxygen permeability rate
could be calculated from equation 3.8.

1.47x10° (8)
KN

& =



10

where G = permeability rate ( cm’/m® d bar)
K = temperature (Kelvin)
N = reciprocal of slope from the plot of the change of

the vacuum pressure versus time.

Characterization of Chitosan
Shrimp shells f components, which are
chitin, calcium carbonate] angf , calcium carbonate and
protein can be removed ai hite laky portion.
In this research, g s of Penaens merguiensis
shrimp by decalcification ‘ and deproteinization with
aqueous sodium hydroxide Sﬂl 0 fl &'fémove calcium carbonate and protein,
respectively. Because of the diffic -dissolve Chitin in common solvents, chitin is
preferably derived further to/hitosan in ofde ¢ the-ease of dissolution and
7 ______——:_I _f of sodium hydroxide
1iNno ¢ "",',J Id be obtained
The FTIR spectruq; of chitosan is shown in Figure 1.1 and the absorption

e AR TN
MR TAUNM TN

chemical modificatio {

solution and chitosan wit
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Absorbance unit

0.2 4

4000 360 220f 50073 ’\‘“\ \:: 200 800 400

Figure 1.1 FTIR spectrum of chitosafi<- - - =

Table 1.1 FTIR characts {jicAbsompuonbanisots

Frequenm:s {ﬂm ) .',, ssignment and remarks }j] Rﬂferenco(s}

1650 ¢ =0 streching o Muzzarelli, 1977,
1561 11s piobton) TV ¢ '](ﬂaﬁr al.,1993;
1317 Kim, et al, 1996

q

Chitosan normally has greater extent of amino groups than acetamide groups
at C; position of N-acetyl glucosamine units. The degree of deacetylation of chitosan
depends on the severity of the deacetylated condition. According to the method of
Sannan (1978), the degree of deacetylation of chitin can be calculated from FTIR to
obtain to value of 80%.
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Figure 1.2 The plot of reduced vi€Cosit f""' '" E "f} ) versus concentration

of chitosan solution

Chitosan is a biopad 2 it e range of chitosan

. || . J
varies from 1 0% 10" to 1.2810° depending on the nature of £hitosan resources and
the severity of the d cttylau ocess. In thislst i chitosan was prepared from

chitin, which was o nﬂm &”}ﬂ ‘ﬁ The molecular

welght of chitosan was dclermmnd by visgometric method. By followipg, the method
1 0o R AR WD PN B o
viscosity The plot of reduced viscosity (7 ) and |p el (7.r)  versus concentration of
chitosan solution is shown in Figure 4.2. C This plot shcﬂ‘ws the extrapolated value of
each line reaches the same position and this value was referred to intrinsic viscosity of
chitosan. From Mark-Houwink equation, when a is 0.71 and k is 8.93 x 107, the
viscosity-average molecular weight of chitosan obtained from the calculation was
7.12x 10°,
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Characterization of Chitosan/Silk Fibroin Blend Films

FTIR Spectra Characterization

Absorbance unit

Figure 1.3 FTIR spect _ pf |
it

‘ -ositiuns of chitosan
to silk fibroin with the de glucosamine unit of
chitosan. Chitosan:silk fibgoin, (a) 0/T00; (b)Y 20780, (c) 4@0; (d) 50/50; (e) 60/40,

(f) 80/20; (g) 100/0.

UL INENINYING

The moleculr character of chitgsan/silk ﬁhmm blend ﬁIms w8 examined by
infrared s W&W he'f'?ﬂdnu Iﬂg ﬂ n in Flgure
1.3(a). Thc Gharacteristic peaks of silk ﬁhmlﬂﬁﬂ , 1547 cm ﬁ 1242 cm”
were attributed to amide I, amide 1l, and amide IlI of ramdon coil conformation.
While the characteristic absorption bands of chitosan at 1589 cm™ belonged to amide 1
band and the others occurred at 1153 cm™ and 898 cm™ were the characteristic peaks
of polysaccharide. For the spectrum of the blend film with 80 % silk fibroin content,
the amide I band of silk fibroin showed another peak at 1625 cm™ that was assigned to
the B-sheet structure of silk fibroin (Yoshimizu and Asakara, 1990). As seen in Figure
1.3, the absorption band at 1625 cm™ became stronger with increase of chitosan
content. This agrees with the results reported by Chen ef al. (1997) who concluded
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that the increasing of B-sheet conformation of silk fibroin was caused by the hydrogen

bond formation between amino groups of chitosan and amide groups of silk fibroin.

These results revealed that in the blend films some originally random coil of silk
fibroin chains changes to B-sheet structure during blending with chitosan. The

occurrence of f—sheet structure leads to more regular structure of silk fibroin chains.

Crystallinity

1800 -
1600 -
1400 -
1200 -
1000 -

800 -

Intensity

600 4
400 -

200 4

40

AU INETfeIng

e 14 B S A LA TEL ) Q B,

silk fibroin (a) 100/0: (b)80/20: (c) 60/40: (d) 50/50: (e) 40/60: (f) 20/80: (g) 0/100

The X-ray diffraction patterns of pure and the blend films are shown in
Figure 1.4. The pure chitosan film exhibited the diffraction pattern of partial
crystalline structure with 20 peaks occurring at 9.35 ° and 20 °. The silk fibroin film
showed a non-crystalline structure. According to Freddi ef al., (1995), the dissolution
of silk fibroin was caused by reagent penetrating into the adjacent chains and breaking
hydrogen bonds between them. This led to the decrease in crystallinity of silk fibroin
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films as compared to the original silk fibroin fiber. The pattern of the blend films
exhibited a gradual transformation from characteristic crystalline peaks of chitosan to
the completely amorphous pattern of silk fibroin with diffraction pattern increase of
silk fibroin content in the blend film. Chen et al. (1995) studied the crystallinity of
pure silk fibroin membrane without further treatment. The diffraction pattern of pure

silk fibroin membrane showed no clear 20 peak. This includes a mainly random coil

film of chitosan /cellulose show pation between chitosan and
cellulose. The analysis of
all diffraction patterns did pet"bive efeat in a"\ \ation about the crystallinity because
the crystalline structures giChifbsdul & 43 \‘\\\ remarkably frustrated
during dissolution process #fhgfefo * the=chi ‘\ blend films were

mainly amorphous.

ur results. However, these

Thermal Stability

gzm JNINYINT
RN TUNA

Chitosan content (%)

Figure 1.5 Thermal decomposition temperature of pure and blend films.
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The thermal stability is an important functional property, which can
definitively determine the performance of a material for practical uses. The
degradation temperature of pure and the blend films as a function of chitosan content
is shown in Figure 1.5. Pure chitosan and silk fibroin films were stable until at 274.68
°C and 295.87 °C, respectively. Then their weights dropped sharply resulting from the

the blend films falls between .pure chitoSaf#aad pure silk fibroin films. The

the b1 ed with increase of silk fibroin
content. From this therma ility. of pure silk fibroin films
was better than pure chitgs 1K fibroin, the thermal stability

hitosan film. These results

il \ -\-'- d films was between the
two pure components. Ho teémperature of bombyx mori silk

fibroin films studied by Tsukada
this study. This may be due to tiie

ghtly different from the results in
vent system for dissolution and

films preparation. —
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Swelling Study

Equilibrium Water Content

100

Equilibrium water content (%)

Figure 1.6 Equilibrium water conten ofo tosan/sili fibroin blend films.

. e
® blend films withe d films.

, fﬁr
wyr cor d" filfis with and without

crosslinking are shown in 1gyre 1.6. The equii‘iBrium water content increased as
£=%
ed

chitosan content m{:ﬁy'ﬁf?@% ?Wﬁl’m Gﬁchimm. In the
case of the crosslink lend films, t exhibited the lower in equilibrium water
content as co : the, blend-fi ithow ki, Fhe.r i his is that
the mﬂsslink!ﬂ:ﬁlﬁaﬂ:ﬁtﬁ ‘blen m Ejm held

together by crosslinks. This decreases the amount of water molecules that can

The equilibrium

penetrate inside the blend films. Pure silk fibroin film showed the lowest equilibrium
water content owing to its molecular structure. The major amino acid components of
bombyx mori silk fibroin are glycine and alanine. These amino acids have
hydrophobic side chains (glycine-H, alanine-CHs) (Shen er a/. 1998). Therefore, the
absorbability of pure silk fibroin film was low. Liang ef al. (1992) suggested that the
water absorption of pure silk fibroin film was very low and it could be improved by
blending with sodium algenate. This is consistent with our results that water
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absorption of silk fibroin film was low and that chitosan could improve the water

absorbability of silk fibroin.

Effect of pH
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Figure 1.7 The degree of swelling afpu e an
in pH buffer solutions (Chit8san « silk fibroin, M 100090 80/20; A 60/40;
A 50/50, @ 40/60,%@ 20/80, < silk|

The effect of pH ©n=the degree of Wetlinéi:f pure and the blend films

without cmsslinkﬂ uﬂan% Wihw ,rn:ﬂaﬁe in the degree of

swelling of pure sim fibroin over the whole pH rang&ﬁnm pH 3 to &Ij 1. Likewise,
o sy T N B4y i o
when pH isfhigher than 5. However, in the range of pH less than S, the degree of
swelling of the blend films with less than 50 % chitosan content increased sharply
proportional to the chitosan content. This can be explained that in the acidic pH range,
the amino groups of chitosan are protonated leading to the destruction of hydrogen
bonding between amino group of chitosan and amide group in the main chain of silk
fibroin (Chen ef al. 1997). The disappearance of hydrogen bonds between the polymer
chains results in swelling of the blend films. It can be said that chitosan caused the
blend films to respond to pH change and dissolved. For the blend films with higher

than 50 % chitosan content swell rapidly in the acidic medium.
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Figure 1.8 Degree of swelling®f r‘i‘“ﬁ ..,.'ﬁ '] i of chitosan and silk fibroin

with crosslinking in various pH b g amount of added glutaraldehyde

was 0.01 mole/glucosanime unit uf' chi
B Chitosan, O 80720y ‘
O silk fibroin. S ')

O 20/80,

U 0

The effect of pH on the degree of swelling, of pure and the blend films with

crosslinking is shuwﬁ-‘ugﬂ q wﬂm w m ﬂ ﬂjgrﬂ: of swelling

of the crosslinked blénd films mcreased with increasing chitosan content. The

peigtn. 1 91\ V) P11 PP 1101
content. ﬂiﬂyb‘: Is chito n chains

caused by the protonation of amino groups of chitosan. Unlike that of the blend films
without crosslinking, the crosslinked blend films with higher than 50% chitosan

content could maintain their structures in acidic pH range. However, the degree of
swelling of the crosslinked blend films was lower than the blend films without
crosslinking. Wang et al. (1997) reported that the crosslinked chitosan network could
prevent the semi-interpenetrating polymer network of chitosan and poly(acrylic acid)
from collapse at low pH but crosslinking could limit swelling of the films. It can be

explained that the crosslinking makes chitosan chains covalently link together and
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form network that can prevent the dissolution of the films even though it restricts the
swelling of the films. In contrast, the degree of swelling of the blend films did not
exhibit any difference when pH was higher than 5. It can be explained by the fact that,
at alkaline pH range, the number of protonated amino groups of chitosan is very low.
The pKa of chitosan is about 6.3-6.5 (Hugerth er al,, 1997), which indicates that
chitosan tends to be protonated in the acidic solution. Thus the degree of swelling of
the blend films in alkaline snlutmn w2 ):w as compared to that of the blend

films in acidic solution. /
From the above, it is ex :r;_: of chitosan and silk fibroin

are pH-responsive. This agrees with-t idy of €hen e al. (1997). Moreover, the

crosslinking enabled the blegdeflms’id i iptain their Strugture in the acidic medium

but caused a lower degree o]

Effect of Salt T¥pe
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Figure 1.9 Degree of swelling of pure and blend films without crosslinking in
various types of salt solutions. [0 0.25 M FeCl; solution; m 0.25 M AICl; solution;
O p2smMm CaCl; solution; @ 0.25 M NaCl solution; < 0.25 M LiCl solution.
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The degree of swelling of pure and the blend films without crosslinking in
various types of salt solutions is shown in Figure 1.9. It can be seen that the films
exhibited a significant increase in the degree of swelling in 0.25 M AICl; and 0.25 M
FeCl; solutions as chitosan content increased. This is believed to be due to the
formation of coordinated covalent bond between nitrogen at amino group of chitosan
and AI’* or Fe’*, In solution, AI’* is surrounded by six molecules of water while CI
is, AI’* hydrated still has empty orbital

acts as a counter ion (Gillespie ef al., 1989).

pair electron that can coordinate 4. A" So A | ‘coordinated covalent bond
with amino group of chitosan resudim of swelling at higher chitosan
content. The transition metal i ¢pordinate covalent bond
with the amino group of chitg FAL'" or Fe'" has the effect
of increasing the net positive ore, increasing of chitosan
content could enhance the de selling \ofithe blend, films in both AICI; and
FeCl; solutions. At chitosan. i gree of swelling could
not be reported because of ove f,.".r_' . disintegration of the films.

The swelling of the films in @25 M Nal 5\ L1Cl, and 0.25 M CaCl,
solutions were nearly the same for 2 *‘-“ Lend r;{, ns. The reason is that chitosan
does not bind or bind weakiyto alkali and alkali earth metal's ’.?‘ ch as Na’, Li’, and
vf— 3
'1[ as observed that pure silk ﬂbmn film had the lowest
degree of swelling ﬂv the adldition of chitosarfib silk fibroin film, the degree of

Mﬂ@«m&] mw&’lﬂlﬁ of chitosan and

silk fibroin were SEI‘IS?VE. to the presence gf Al’*and F . jons in the solytions.

ARIANN 3N UAINENRE

Ca®" resulting in lower dep

From Figure 1.9, i

swelling of silk fib
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The degree ﬁ\ﬂl MJITIEJ m mfﬂnkmg in various
types of salt mluuum is shown 1n lgure 1.10° As chifosan cont increases, the
degree of m mxxwm ﬁﬁamcmaﬁes
SIgﬂIﬁﬂﬂllf% Eﬁ ons. The

reason has been mentioned already with respect to the results of Figure 1.9. For the

Figure 1.10 Degree of swellifig

with crosslinking in various

blend films with crosslinking, the degree of swelling of blend films with greater than
50 % chitosan content can be observed and the highest degree of swelling is observed
at 80 % chitosan content. This indicates that the presence of crosslinks can prevent the
disintegration of the films by the formation of network between the chitosan chains.
However, the crosslinks limit the swelling ability of the films. The degree of swelling
of the crosslinked blend films is lower than that of the non-crosslinking blend films at
the corresponding blend compositions. The degree of swelling of the crosslinked
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blend films is very low in 0.25 NaCl, 0.25 M LiCl, and 0.25 M CaCl, solutions for a

whole range of chitosan content.

Effect of AICl; and FeCl; Concentrations
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carried out to study the effect of AICl; and FeCl; concentrations on the swelling

Figure 1.11 Degreen 1 ol pute and blend Gims wi : rosslinking in various

itosan. Chitosan - silk fibroin,

behavior of pure and the blend films with crosslinking,

The effect of AICI; concentration on the degree of swelling of pure and the
blend films with crosslinking is shown in Figure 1.11. The AICl; concentration did
not affect the degree of swelling of pure silk fibroin film at all salt concentrations
because of the very low interaction between AI’* and silk fibroin. However, chitosan
and the blend films showed a strong variation in the degree of swelling relational to

the changes in salt concentration. The degree of swelling increased significantly as
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AICly concentration increased. When AICly concentration was 1.0x107 M, the degree
of swelling of pure chitosan and the blend films showed the maximum value. The
maximum degree of swelling belonged to the blend film with 80 % chitosan content.
The occurrence of the highest degree of swelling at AICl; concentration of 1.0x107 M
can be explained by Donnan equilibrium effect (Yao er al, 1993). Donnan

equilibrium effect arises from the ionic osmotic pressure generated from mobile

Hoffman, 1992). The high counterion co! \ L 5es a large swelling pressure
in the absence of excess mobile salfy At th I ﬁtinn of 1.0x107 M, the

L

counterions, which accompany the bound igas ; the network strands (Park &

a.‘.

difference of ion concentration betiw interior-aad,_exterior of the films is
maximal, leading to a large | ' | :
maximum degree of swelling of
when the AICl; concentration exfeede Ox10° ‘.-j A ‘occured because of there was
now an excess mobile ion conCentgtigh in thel exferdal so! . The concentration of
v ,
amino groups of chitosan in thefilgl a i J AL 3§ depleted, no additional
Al" becomes bound to the netwc : | Bilefions can penetrate into

the film and screen the bound chargés, aft e degree elling decreases.
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Figure 1.12 Degree of swelling of pure and blend films of chitosan and silk fibroin
with crosslinking in various concentrations of FeCl; solution. Chitosan : silk fibroin,
B Chitosan; 00 80/20; A 60/40;A 50/50,0 40/60; @ 20/80; O silk fibroin.
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The degree of swelling of pure and blend films with crosslinking in
various concentrations of FeCl; solution is shown in Figure 12. The effect of
FeCl; concentration on the degree of swelling of pure and the blend films with
crosslinking was similar to that of the films immersed in AICl; solutions. The
FeCl; concentration that caused the maximum degree of swelling is 1.0x107 M.
The blend film with 80 % chitosan content had the highest degree of swelling.

Mechanical Properties

Tensile Strength
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735 1
70 1
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50 1

Tensile strength (MPa)

Figure 1.13 The tensile strength in the dry state of pure and blend films.
0 Films without crosslinking; ® Films with crosslinking
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The tensile strength of the films as a function of chitosan content is
shown in Figure 1.13. The tensile strength of pure silk fibroin and the blend
films with less than 50 % chitosan content could not be monitored by Lloyd
tensile tester because of their brittleness. Beyond these compositions, the
tensile strength of the blend films containing from 50 % chitosan content could
be measured. These results indicated that chitosan imparted the ﬂexihiiity to

y=This ab! ur cd ' moistire has a plasticized effect
to the blend films resulting.4 case \\ ality. As chitosan content

increased, the tensile strgmft . -both with and without

Freddi, er al. (1995) folindghat the 0
enhance the mechanical $ro w

. ose to silk fibroin could

crosslinking. It 1s known gfat £1] \\\\\ dry state is very brittle.

opicity of cellulose. In

Figure 1.13, the crosslinked bl s a slhigl y higher tensile strength

than the non-crosslinked blerid ate because the crosslinks play

a key role as a bridge that links sther. The network structure

made the films "'f”—m= ey e ""'"‘f‘,‘;gr: tly higher tensile
strength in the dry stﬁ. ™ reas 'mtensi]c strength also
depended on the amount .pf crosslinking agent added. In this research, the

amount of glutanﬁ WH@WWH E}ﬂ!ﬁmn&ase in tensile

strength.

’QW']&\"IﬂﬁfU UAAINYA Y
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Tensile strength (MPa)

Figure 1.14 The tensile stre
O Films without crosshnking;

Il
1,

¢ .
Because many end-uses of filn¥ tact with water, the strength of

films in the wet state is also important.“Fie ensile gth in the wet state of pure

and the blend films is sHOWi-i-Ehgure—i-t4—Fhe-iensie-siiehdth in the wet state
Zn s

because, 1n the wet

remarkably decreased in cug 'tﬁ

state, the hydrogen bonding beétween polymer chains within the films is diminished by
¢ o

the water molecules. H :I:mﬂmm ‘ﬂm Ength in the wet

state of chitosan and 1; ' endfil I than that of the dry

crosslinking t dﬂu a\a ith ¢hitosanck :ﬁ lend films

with chitosan c?mtem higher than 50 %, the tensile strength became rather constant as

shown in Figure 4.14. It can be explained that, in the wet state, silk fibroin film is soft
and very weak. The presence of chitosan in the blend films could improve the strength
of the blend films because of the rigidity of chitosan chain. The crosslinked blend
films exhibited a much higher tensile strength in the wet state with an increasing
content of chitosan. Since the amount of crosslinking agent added was related to
chitosan content, the tensile strength of the crosslinked blend films increased in
accordance with chitosan content. It can be indicated that, in the dry state, chitosan
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could improve the strength of pure silk fibroin film by imparting the flexibility to the
blend films. Moreover, the tensile strength of the blend films in the wet state was also
improved by the presence of chitosan in the blend films. The rigid chains of chitosan

and the existence of crosslinks can enhance the strength of the blend films.

Elongation at Break
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figure does not show the values of the blend films with less than 50 % chitosan

Figure 1.15 Eloijpationarbreak-of pures

O Films without ﬂss

content because of the brittleness of the films, similar to the case of tensile strength in
the dry state. However, when chitosan content was increased, the elongation at break
increased. It is found that the presence of at least 50% chitosan content in the blend
films can improve the flexibility of the blend films. The reason is that chitosan has a
rigid chains which can withstand the tensile force as compared to silk fibroin that is
deficient in tensile property. Moreover, this improvement may be derived from
hydrogen bonding interaction between chitosan and silk fibroin within the blend films



(Chen er al., 1997). Hydrogen bonds act as bridges between polymer chains. When
the tensile force is applied, these hydrogen bonds help to relieve the stress
concentration between polymer chains slowly leading to higher elongation at break. It
was considered that the crosslinked blend films had a lower elongation at break since
chitosan chains were held together by crosslinking agent. In addition, the presence of
crosslinks limited the extensibility of chitosan chains resulting in decrease of

elongation at break.

50 1

an

20

Elongation at break (%)

y - i 120
e At Ny

U

ARISIAIA NRIANEIAY o

determined. Figure 1.16 exhibited the elongation at break of pure and the blend films
as a function of chitosan content. In the wet state, the elongation at break considerably
increased as compared to that of the films in the dry state. At chitosan content
between 40-60 %, the blend films had the highest values of elongation at break. When
chitosan content is outside this range, the elongation at break of the films dropped. It
can be interpreted that in the dry state, the hydrogen bonding between polymer chains
is present as confirmed by the FTIR spectra of the films. However, when the films are

immersed in water, the water molecules would penetrate inside the films and disrupt
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the hydrogen bonding between polymer chains. These water molecules have a
plasticized effect to the films by allowing the polymer chains segments to move easier
(Freddi ef al., 1995). When tensile force is applied, the stress relaxation of polymer
chains can occur faster than in the dry state where the chain mobility is restricted.
Liang e al. (1992), suggested that the ductility of silk fibroin/sodium algenate blend
films could be enhanced by the affect of absorbed and free water, which facilitates the
in the wet state had higher elongation
in the dry state, the crosslinked

chain mobility. Therefore, the blend Il'
break than that in the dry state. } \\\‘ y
blend films showed lower elopgation at br state than the blend films

without crosslinking. This resulis-irom the presence.of crosslinks within the films.
-Lopez and Bodmeier

These crosslinks limit the sisefch e films --
\w the smaller the water

(1997) concluded that the E n
L e crosslinked blend films
/ % ?\Q\\\

uptake and the elongation of
oo slmklng

?ﬁ ,‘ ilk fibroin film could be
& AN

enhanced by blending with ci : lc.' he \ stdle, the elongation at break

had lower elongation at bréd

From these results, i t]

increased considerably due to _L-"r ~oCin jon ‘between polymer chains. In

addition, the water molecules acted asa plasty o facilitate the chain mobility of
polymers leading to hig g,a‘- elong : : i,

Yoo X

e
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Oxygen Permeability
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Figure 1.17 The oxygen permeabili

DXYEEH -..r.'!n.i HIitE ;4';.'3-. 5 By _!.._!r..!‘v; 0w in FigurE l]?
: N
Pure chitosan film shnw g smpdred to the blend films.

The addition of silk ﬁhm

oxygen pe:rmeabﬁﬁ ﬂm ﬁﬁf I;Tﬁ of the blend films.
By blending silk :ﬂ wiﬁ si m chains changed
from random coil m B-sheet structure§ which wasghe more compagt and regular

sncure (i) 54 Aol RO ol et bl e

oxygen to pﬂmute through the films resulting in the lower oxygen permeability. The

tu the blend films led to the sigmificant decreasing of the

oxygen permeability of pure silk fibroin film and the blend films with up to 40 %
chitosan content could not be determined due to the brittleness of the films. Hosokawa
ef al. (1992) found that oxygen permeability of chitosan films with 80 pum in thickness
was lower than that of polyethylene but comparable to that of nylon and PET films.
In these results, the addition of silk fibroin reduced the oxygen permeability to the
blend films.
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CONCLUSION

The composition of chitosan/silk fibroin blend films had a large effect on the
mechanical properties, physical properties, and swelling behavior of the blend films.
Blending silk fibroin with chitosan resulted in an improvement in tensile strength and
elongation at break, and an increase in crystallinity. On the other hand, silk fibroin

enhanced the thermal stability of chitosas e addition of crosslinking agent to the
blend films enhanced the mechapic: ,Iu iy / hermore, crosslinking was very
important for the swelling b eﬂé\tu}n of structural integrity of
e N it reduced thie degree of
swelling of the films. The / | "'\“\“*n k fibroin blend films varied

\\\\
\\\\ \

the films in the acidic p

strongly with respect to chal
these chitosan/silk fibroin h

oncentration. Therefore,

nswe properties.
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CHAPTER 2
DRUG RELEASING PROPERTY OF CROSS-LINKED CHITOSAN/SILK
FIBROIN BLEND FILMS

ABSTRACT

were prepared by solution casting
characteristics of the blend

Theophylline, diclofenac
s model drugs. The release
2,0, 5.5 and 7.2. It was found

Crosslinked chitosan/silk
using glutaraldehyde as crossi

films with various blend &

sodium, amoxicillin trihyg
studies were carried out g
that the blend film with §0% #hifofan Content showed the maximum amount of drug
release at pH 2.0 for all typks §p n ‘ welling study, the maximum degree of
i3 d at pH 2.0 and 80 % chitosan

ith 80% chitosan content were in

swelling of the drug-loade
content. The amounts of d

the order: salicylic acid > theo sodium > amoxicillin. The maximum

amount of salicylic acid, thm‘gﬁ{'

blend films with 80% &k
respectively. | m

ium and amoxicillin release from
- i1 1%, 76.6%, and 37.2%,
\J

i
ﬂumWE‘i‘WS‘W?mi
mawi KL Ta KL kLT X

provide u ful materials for biomedical applications, due to their nontoxicity,
biodegradability, and biocompatibilty.

Silk fibroin is a fibrous protein that is composed of 17 amino acids, of which the
main components are nonpolar species such as glycine, alanine, and serine. Silk fibroin
can exist in 2 molecular conformations, random coil and B-sheet form. The
conformational transition of silk fibroin from random coil to B- sheet structure can be
induced by treatments such as heating, stretching or immersion in polar solvents. This
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transition makes silk fibroin attractive as a biomaterial because silk fibroin with a B-sheet
structure is resistant to water and has good mechanical properties (Park er al., 1999). Silk
fibroin is considered a potential precursor to ncw materials and devices for
biotechnological and biomedical utilizations. It has been reported that silk fibroin film
has good oxygen permeability in the wet state, which suggests promising applications as

a2 wound dressing and artificial skin. In addifign, silk fibroin can be utilized as surgical

for bone bmdlng functions. Howewer, silk fibroln=lii-the" dry state is very brittle and
‘ : ———

unsuitable for practical use (Freddieral. )). To overeame this limitation, silk fibroin

has been blended with other syfftheei€ falymers, such as polyacrylamide (Freddi et al.,

1999) and poly(vinyl alcohg L ef @l 1990), or patural polymers, such as

et al., 1992), to improve

Chitosan is an aminOpolysg€chas m chitin via deacetylation by
alkali hydrolysis. It is a copol ’ * 2 of a X ked 2-acetamido-D-glucose
unit and B(1->4)-linked 2-amino-D-glscase it with fhe latter usually greater than 75%
(Lieral, 1997). Chitosan i s one. qfﬁ%".“ ral cationi polyelectrolytes. It is known

that chitosan can form a hydioge 1s 2 three-dimensional 6 psslinked network with

the ability to absorb signi | ant ame

Dsuwe charges on the network 2

4l chitosan hydrogels can

swell extensively due to the

d respond to changes in

the pH of the medi wﬂ ilﬂm gﬂmﬁﬁbmmmpmblc and
biodegradable, chimﬁ' t al ‘preparation. It has
been studied as a umﬂ;f vehicle for sustafned :ﬁ delﬁc% For exarigle, it was used

for the delived) w @sﬂlﬂﬁmsu <) m %J diclofenac

sodium (Gupta 3: al., 2000). Furthermore, it has been reported that chitosan can induce a
conformational transition of silk fibroin from random coil to B-sheet structure and that,
using glutaraldehyde as a crosslinking agent, a polymer blend of these biopolymers can
also form a hydrogel, having a semi-interpenetrating network structure (Chen ef al.,
1997).

To our best knowledge, there has been no report on using chitosan/silk fibroin

blend film as a drug delivery vehicle. This research is a preliminary study on using a
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glutaraldehyde cross-linked chitosan/silk fibroin blend film as a matrix for a drug
delivery system. The model drugs used were theophylline, diclofenac sodium,
amoxicillin trihydrate, and salicylic acid. The effect of blend composition, degree of
crosslinking, and pHs of the external swelling media on drug release from the blend films

was investigated.

Materials

Shrimp shell was kindly prowd®d ¥ Surapon Food ="i 5.Co., Ltd. Silk fiber
3% 00°C for 30 min,
followed by washing with boiling disifedfivlle “THeHe gUmeE ik was dried at 60°C
for 24 h in an oven Afterwards, the sy fibr, N riad solvent CaCl,:
: silk solution was then
dialyzed against distilled water for 7 | hessolutiontwas next filtered through the
sintered glass filter, and subsequently diluted'tc v ‘entration of 1% w/w.
Sodium hydroxide 50% w/w solutioiwas kindls ied by KPT Cooperation
(Thailand). Glacial acetic acid 99954 iy purc _—‘_—;;::‘ was analytical
grade Gluaraldehyde 50% wiw w 1*_ '

Theophylline was purchas d from Shanghai Wandai Pharﬂccuhcals China.

Diclofenac sodium was pur mmm mﬂmﬂ? Co., Ltd.,
China  Salicylic acid was EJ stfalia  “Amoxicillin
tnhydrate was purchased from Antibiotics Co., Ltd’

awwaqmmﬂmmmaa

Restch Seiving Machine

Equipment

The chitosan powder with the size of 38 to 75 um was sieved and collected

separately by using Retsch Seiving Machine type Vibro.

Capillary Viscometer
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The viscosity-average molecular weight of chitosan was determined by using

Cannon Ubbelohde-type number 50 of capillary viscometer.

FTIR rophometer
The FTIR spectrum of chitosan was recorded with Vector 3.0 Bruker FTIR

Spectrophotometer with 16 scans at a resolution of 4cm”. A frequency of 4000-400 cm’

was observed by using deuterated trigl sul fafedgtector (DTGS) with specific

*films at pH 2.0, 5.5,
meter LambdalO, Perkin

The amount of drug rel

and 7.2 was determined by usi

Elmer.
Methodology

Preparation of Chitin

Chitin was prepared from shrimp “.', kication and deproteinization to
remove calcium carbonate and pig espectivell Ehe hells were cleaned and

dried under sunlight before gri QJ':,‘._ 8hips were treated by
immersion in 1 N HCI sulutianmor 2 dav pceasiona stiﬁng, The decalcified
product was washed with distilled water until neutral. Deproteinization was followed by

oiing in 4% wie of NfOH]sbfdonafJipHI% 67 4| 544 FhGiit sotution was

decanted, the chips were wihed with dcmmzed water until neutra! The pruduct obtained

was dried at ﬁﬁﬂc{aWﬂﬁﬂj NM’YJ\ e a t

Pr ralm i

Chitin was deacetylated by heating in 50% w/w NaOH solution containing 0.5%
w/w sodium borohydride (NaBH,4) to prevent depolymerization. The ratio of chitin to
NaOH solution was 1 g of chitin in 10 ml of NaOH solution. The deacetylation was
performed in an autoclave at 110°C for 1 h. The deacetylated product obtained was
washed exhaustedly with deionized water until neutral. The resulting chitosan flakes was
dried in an oven at 60°C for 24 h.
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Degree of Deacetylation of Chitosan

The degree of deacetylation of chitosan was determined, based on an IR
spectroscopic method reported by Sannan (1978). About 3 mg of chitosan powder,
passed through a 200-mesh sieve, was mechanically mixed with 400 mg of potassium
bromide to prepare a KBr disk. An infrare m was recorded in a range from 4000

to 400 cm™. The absorbances at 2878 _«' : d) and 1550 (the amidell band)

(1
where D = de,
Ajpsso = 4

Azgx

Viscosity-Average Molgt .
Chitosan solutions of dif : s D.00, 0.00625, 0.0125, 0.025,
0.05, and 0.1g/100mL) in 0.2 M acetic aci 0 IM NACl: 4.0 M urea were prepared. An

Ubbelohde viscometer was | with 10" mL sle ~which maintained the

temperature at 25°C. THE ERDIES S#illary once before the
pe 7. pillary

running times were measure@ﬁa ed . tﬁes. The running times of

solvent and solutions were useq. to calculate the ragtwe viscosity, specific viscosity, and

reduced viscosity. ﬁ W?%Wﬁwq ﬂ ﬁncemrauon and the

intrinsic viscosity detégimined from the Inlercept The currnspondlng uquattons are:

E mmmmwm g,

Reduced viscosity (Ned) = (4)
Intrinsic viscosity [n] = (Tlrad}n—m (5)

where t is the flow time in seconds of chitosan solution, t, is the flow time in seconds of

solvent and C is the concentration of chitosan solution in g/100 mL.
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Degree of Deacetylation of Chitosan
The degree of deacetylation of chitosan was determined, based on an IR

spectroscopic method reported by Sannan (1978). About 3 mg of chitosan powder,
passed through a 200-mesh sieve, was mechanically mixed with 400 mg of potassium
bromide to prepare a KBr disk. An infrared spectqum was recorded in a range from 4000
10 400 cm™. The absorbances at 2878 cm’! he C-H hand) Ed 1550 (the amidell band)

ee of deacetylation was

calculated from the equation 1.

D =98.03-34 68 (1)
where D = degree g
Ajsso = absor
Azg7y = abSorbaficga
Viscosity-Average Moleculag\\ 1itosa
Chitosan solutions of differe; " 0,00y 0.00625, 0.0125, 0.025,
0.05, and 0.1g/100mL) in 0.2 M acetic acn "2 0 M urea were prepared. An
Ubbelohde viscometer was filled h 710" mL of hieh maintained the

"':cm\\' .
temperature at 25°C. The sa npie-was passed th llary once before the
es_ml'ht running times of

solvent and solutions were used to iﬂlculatc the relat|v€’wscomty. specific viscosity, and

reduced viscosity. The rﬂ;% M ﬂﬂﬂ%ﬁjﬁwﬂﬁ}:ﬁ:ﬁmmn and the

intrinsic viscosity determin@é from the | mtercapt The corre.spund:ng equauuns are:

IR IPN ANEAL,

Reduced viscosity (Neg) = Nw/C (4)
Intrinsic viscosity [n] = (Nred)eso (5)

running times were measured, E@I samy

where t is the flow time in seconds of chitosan solution, t, is the flow time in seconds of

solvent and C is the concentration of chitosan solution in g/100 mL.
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The viscosity average molecular weight of chitosan was determined based on the
Mark-Houwink equation (Lee ef al., 1974)
(] =8.93x10*M*" (6)

where [n] is the intrinsic viscosity and M is viscosity average molecular weight.

Preparation of Chitosan Solution

: re use, Chitosan solution was
prepared by dissolution of chitosan.dn 1% i The chitosan solution was
' id of air bubbles before

preparation of films.

Preparation of Cros ‘

Solutions containings€hitgSagd and stk fibrg if were\prepared by mixing various
ratios of 1% wiw of silk dibrding. AWM of chitosan solution,
Glutaraldehyde, used as crosslighi ﬁgg; 3 :“'.; adde he blend solutions at the
amount of 0.01 mole/glucosamin up = : \ -model drugs (theophylline,
in triaydrate) were added to the blend

diclofenac sodium, salicylic acid anq
=
Bly ion containing a model

solutions to reach a conce ntrg! tio

drug was stirred slowly for I3 i and | = f bubbles before casting
onto clean dry petri dishes in @ust- gom tnﬁ:wmtun:-. The films were

allowed to dry at ambient temperature for 72 h an t en stored over silica in a desiccator

— ﬂuaqwﬂﬂ§WHWﬂi
NS LB NEAE B e

loaded blend films were immersed in buffer solutions at pH 2.0, pH 5.5 and pH 7.2. At
time intervals, I-mL aliquots were withdrawn and assayed for the amount of drug

released. Theophylline, diclofenac sodium, amoxicillin trihydrate and salicylic acid
released in the solutions were determined by a UV-Visible spectrophotometer (Perkin
Elmer, Lambda 10) at 272, 275, 272, 299 nm, respectively, using calibration curves for
each drug. The experiments were performed in triplicate. The percentages of released

drugs were from average value of repeated three times.
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RESULTS AND DISCUSSION

Effect of Blend Composition on Drug Release

e is shown in Figure 2.1-2.4. Silk
fibroin contents of 0, 20, 40, 50 and blend films were used in this

study. The blend films with silk.dib ouk mm 60% were not reported

because the films were brittle ar handle mxng.

(14 1 ———

Drug release(%
L
=

| RN P

10 1

AHEINENINEINT
B RN i) (1)

It was found that the maximum release of drug was observed for the blend film
with 80% chitosan content for all types of model drugs. This could be explained by the
term of swelling behavior of the blend films. It was found that the blend film with 80%

chitosan content showed the maximum degree of swelling (Table 2.1).
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Peppas ef al. (1983) siigges g | deli system was controlled by
swelling behavior of hydrogel & Risbhug 2000) eoncluded that the release of

amoxicillin from the air-dried osar/poly(vinyl pyrrolidone)

P g g ¥

hydrogels was related to the degree %ﬁi g hydrogels. Furthermore, Yao ef al.
(1993 and 1994) studied the release ot ¢ dini_acetas and cimetidine from

chitosan/polyether semi-isi

z .
ol R

swelling, the higher amuug' f drug rel ner at "(1997) reported that the
maximum degree of swellifig of the blend films was observed for chitosan/silk fibroin
blend film with 80%-chi "::ﬁt _ m itosan/silk fibroin blend films
may be occurred dﬂmﬂ im cmEJ‘ :]:f:iilﬁbroin chains caused

by the prmonatmg of amino groups of chitosan. Howeser, the lower afidunts of released

b were Obraibd Mok K| Orbibdcontet] in| hh Srbgbaded bl fims ws

q

increased. Suesat ef al. (2000) reported that there was no change in the degree of swelling
of pure silk fibroin film immersed in buffer solutions for the whole pH range from pH 3
to pH 11. Therefore, swelling ability of the blend films depended on the amounts of

chitosan content in the blend films.
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Table 2.1 Degree of swelling and percent weight loss of drug- loaded crosslinked

chitosan and blend films

Weight | pegree of Swelling (%)* Weight Loss (%)’
Ratio of
Drug Chi
ftosanto | oy pH2 | pHS.S | pH 72
Silk Fibroin
100:0 840 | 6 )RS | 3420 | 2427 | 17.60

80 : 20 199 193950 | 27.81 | 2432
T

-',:Wﬁ S
Salicylic 60 : 40 A5 /VE‘\Y 'Iu 20 | 2421 | 154

acid 50 : 50 ’}t’/) \'\‘ \ 2004 | 142
40 : 60 i/iﬁl’\u \ 1986 | 138
100:0 i‘m .\{Q\ 2038 | 1998 | 17.73

80 : 20 ‘M ﬂ\‘i 8.25 | 27.24 | 18.67

Amoxicillin |60 : 40 8 0| 2230 | 2075 | 1825
. 1850 | 19.10

| 504 | 409 | 18 17.63 | 17.98

3007 | 286

Diclofenac 8020 809 35.18 28.8
sodium | (X Q10T 3033 13001 | 234

b3 2856 | 206
2120 | 2001 | 175
80:20 376 | 325 | 175 | 40.05 | 37.75 | 27.22
Theophylline | 60 - 40 360 | 289 | 159 | 36.67 | 32.23 | 23.44
5050 303 | 277 | 151 | 3332 | 2887 | 205
40 60 232 | 221 | 142 | 30.01 | 2534 | 187

4ﬁqzl 60

“the average value from three experiments.
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Effect of pH on Drug Release

The effect of pH on drug released from chitosan and blend films is shown in
Figure 2.1-2.4. Drug release profile was studied at pH 2.0, pH 5.5 and pH 7.2. It was
found that the amount of drug released from the systems was highest at pH 2.0 for all

Table 2.1. It appeared that the degree ol \ \ng wisthe highest at pH 2.0 and tended to
decrease when pH of swe]lms solution ré[hls result corresponded to the

: welling of the crosslinked
chitosan/silk fibroin blend £ i.decreased when pH of the

swelling solution was increased It ga be explai ad by the et that in an acidic medium

previous works, which alsa

the amino groups of chitosag at the hydrogen bonds between
chitosan and silk fibroin weregroffed and {ihefiwork wagidissociated The blend films
exhibited lower degree of swelling® H was ligher than 5. This may be due to the
: “lower at neutral and alkaline pH.
The pK, of chitosan is 6.3-6.5, ¥

solution. Therefore, the degree o

r

hitosan tends to protonate in acidic
¢ blead films in alkaline solution was

acidie seldtion.  Risbud er al. (2000)
reporied that the degrees -*W— _ “: olidone) hydrogels were
high in acidic solutions ( : 1.0, pH 2.0 and pH 3.0) and b
alkaline solutions ﬂ\? m lin was found to be
maximum at pH IHM ﬁﬂ ﬂ ’1ﬂlﬁwﬂling condition of
the carrier, dmﬁlease ﬁ be concerfied with the@sosion processas This process is

clo@bine Flandch i 18 dhpestunde 6f i dbie Fohanges in the

physn:omechamcal properties of the polymeric material, deformation or structural

very low as compared ta-td

ame lower in neutral and

assumatcd

disintegration, weight loss, and the eventual loss of functions. Table 2.1 shows the
weight loss of chitosan and blend films. It was found that the weight loss of the films
was highest at pH 2. This indicated that drug release by erosion process could be

occurred in this system.
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Effect of Drug Types on Drug Release
The effect of drug molecules on drug release is shown in Figure 2.5-2.7. The

releases of model drugs, theophylline, salicylic acid, diclofenac sodium and amoxicillin,
were studied at pH 2.0, pH 5.5 and pH 7.2.

Drug release (%)

film with 80% chitosan cunlent'ﬁ p

chitosan content. ¢

ANININYINT

It was found that ﬂ:}iglm at 80% chitosan content gave the highest amount

MO 01N 4 R R 0

The amounts of theophylline released at pH 2.0, pH 5.5 and pH 7.2 from the blend film
with 80% chitosan were 81.1%, 73.6% and 69.0%, respectively. The maximum amount

of released salicylic acid at equilibrium was higher than that of theophylline. One factor
that can affect the penetration of a drug from a polymer matrix is the molecular size of
the drug. The molecule of salicylic acid was smaller than theophylline. Thus, the
penetration of salicylic acid from the matrix was easier than theophylline. Diclofenac
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sodium released at pH 2.0, pH 5.5 and pH 7.2 from the blend film with 80% chitosan
content were 76.6%, 66.1% and 65.1%, respectively.

Drug release (%)
8

NN, -

4%
40 - "’
il v7 B s
]E _ A WA S‘i

:’

Ny

<o 0K < Jrakidn ‘
Figure 2.6 Comparison of thg' uﬁtgaﬂé gs released
e !

at pit.5,5 M ohitosan film O blend film with 80%
Jq-.;. —— = ——

AMX

7]
-

from chitosan and the blend

film with 80% chitosan conten

chitosan content.

The amount of di¢lofenac sodiun - then those of theophylline
and salicylic acid because di¢lofenac sodium did not dissol\'ﬂn the blend solutions and
appeared in the bleﬁ films s#selid particles. @Fherefore, the diffusion of diclofenac

b Blsedibd il hnd fbpiyine

Among the \yugs investigated ingthis study, the amounts of amoxicillin released
from the hleQ Iﬁs’:*aamaﬁ ﬁl@”ﬁ“lﬁ’%ﬂ}% Hs’%la Ht the amount
of amoxicillinireleased at pH 2.0, pH 5.5 and pH 7.2 were 37.2%, 34.0% and 23.5%,
respectively. This may be due to the interaction between the drug molecule and polymer
matrix, Risbud ef al. (2000) reported the amoxicillin released from crosslinked chitosan-
poly(vinyl pyrrolidone) air-dried hydrogel was about 31.68% and 27% at pH 1.0 and pH

sodium to the soluti

2.0, respectively. They explained that the low amounts of drug released might be due to

non-porous nature of the air-dried films.
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Figure 2.9 Chemical structure of salicylic acid.
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. 3H,0

Figure 2.11 Chemical st e
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illustrated in Fil'gure 2.12-2.14. The initial rates of drug releases were then calculated and
the results are shown in Table 2.2. It was found that the release of theophylline from the
blend films with 80% chitosan content was faster than the releases of other model drugs
at all pH studied. Puttipipatkhachorn (2001) studied the drug-polymer interaction
between theophylline and chitosan by Fourier Transform Infrared Spectroscopy and solid

sate ’C NMR spectroscopy. It was concluded that there was no interaction between
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theophylline and chitosan. Therefore, theophylline was the fastest released drug in this
study because there was no interaction between theophylline and chitosan.

100
T | uu°° o O © o o o
& 80 iSpeeee 6 o6 o o
E 60 5 | ‘
~
:.-3[40‘ wed
[ ]
8 0

Figure 2.12 Drug release profiles’| itosan content at pH

20, O salicylic acid, 4 theophyllin€, (] sodium, ®amoxicillin trihydrate,

: W

mmﬂ'm%lmwmm

eREER 1 N8 Y
0O 10 20 30 40 50 60 70
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Figure 2.13 Drug release profiles from the blend films with 80% chitosan content at pH
5.5. O salicyiic acid, 4 theophylline, O diclofenac sodium, ® amoxicillin trihydrate.
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80

Drug release (%)

hitosan content at pH

oxicillin trihydrate.

Table 2.2 Initial rate of drug releas
Model drugs

h 80% chtiosan content

: (m%u)

1; pH 7.2
Salicylic acid =055
Theophylline 1.07
ol um‘nﬂmwmm
Amoxicil w'] aWI‘jm

Moreover, the molecular size of theophylline was rather small compared with the other
model drugs used. Then, theophylline could penetrate from the film easily than the
others did.

The salicylic acid released from the blend films with 80% chitosan content was
slower than theophylline. It could be noticed that the amount of salicylic acid released
was greater than that of theophylline. However, the initial releasing rate of salicylic acid
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was slower than that of theophylline. Puttipipatkhachorn (2001) was also studied the
interaction between salicylic acid and chitosan by using Fourier Transform Spectroscopy.
It was found that there was the salicylate formation, which was occurred by the
interaction between carboxylic groups of salicylic acid and amino groups of chitosan.

Therefore, the rate of salicylic acid release was slower than theophylline due to the

I i as. slower U ylline and salicylic acid
release. It can be explained that béCause-ih : _of diclofenac sodium is
AN

bigger than theophylline and sali sodium released slower
due to its difficulties of diclofena ernal swelling media.
Among the model drugsfitSeds ay & slowest released drug
in all pH studies. Risbud (2000) ¥

loaded air-dried hydrogel of crosslifik gl saiiand poly(\angl pyrrolidone) by using

ology of the amoxicillin-

glutaraldehyde as crosslinking agent 38 ed that the surface morphology of the
air-dried hydrogel showed non- - : .“ “.. open channel structure.
Accordingly, the amoxicillin was released | dtrom ymer matrix very slowly In
addition, the molecular size of amoxigiliiiris i pared with the other model

drugs used. Therefore, the pengiration-o& Hi-Hisage ol ymer matrix was

P’

slow. . m
et YO

iﬁi:’iiiﬁﬁﬁﬁ%ﬁfﬁﬁﬁ AN Ay

To study t e effect of concentration of crosslinking agent on drug release, the
salicylic acid-loaded blend films with 80% chitosan content containing glutaraldehyde
concentrations of 0.001, 0.01, and 0.5 mole/glucosamine unit were used. It was found
that the amount of salicylic acid released was decreased with the increasing concentration
of glutaraldehyde at all pHs studies. It could be possibly explained by the term of degree
of swelling as shown in Table 2.3. It indicated that the degree of swelling of the salicylic

acid-loaded blend films was decreased with the increasing glutaraldehyde concentration,
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100 S ——
80 -
=
2 60 00,001 mole/unit
.E @ 0.01 mole/unit
Eﬂ 40 - W 0.05 mole/unit

"I

Degree c?'Swellmg (%)* . Weight Loss (%)"
pH 0.00 1 ﬁjl Ej)nj f] ﬂ; 0.05
molefumt | mole/umit | mole/unit | mole/unit | molefunit | mole/unit
o
2.” = 1- = [} 4 ¥ . 9 'D 2_ l 3
alatali i

=n2 81
72 320 199 123 25.19 2432 19.25

* the average from three experiments.

In 1990 Peppas and Korsmeyer investigated the effect of crosslinking concentration and
the release properties of poly(vinyl alcohol) on diffusion of theophylline by using

glutaraldehyde as crosslinking agent. They discovered that at low concentration, the
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effect of crosslinking agent on the release of drug was very small, while at high
crosslinking concentration a much larger effect on the drug diffusion was observed. This
was attributed to the swelling behavior of the crosslink network. At low crosslinking
concentration of crosslinking agent, the density of crosslinking was low that make
hydrogel swell extensively. While the mesh size of the network was then big resulting in

high penatraunn of drug pamcle to externd onment. But at high crosslinking

o AW, .\ d fore, the mesh size of the
network is closer to the size of drug and-ilie drug is 0 penetrate to the external

environment.

ilk fibroin blend films by

eophylline, salicylic acid,

Drug release charactenistigh fr@ &
using glutaraldehyde as crosslinKing
diclofenac sodium and amoxicillin a films with 80% chitosan
content gave the maximum amounts le to the maximum degree of
swelling at this blend ratio. At chitesaa n_80%, the amount of drug
release from the blend filmsiilicreased » asing in chitesan i gontent in the blend
films, The amount of drug re Eased aLaI 5.5 and 7.2 because

of the protonation of amino grotps on chitosan at pH 2.0 resulting in the dissociation of

hydrogen bond betwe cﬁaﬂjdﬂ Hm:ﬁ ,Iﬁ imum and the
minimum of drug re]eanv clylic xicilli y. The order of
the amount of released drugs from the mifimum to thesmaximum wasidmoxicillin<

dotenac sot] YhecpDlinF i e et B kipletd o o

release from the slowest to the fastest release was amoxicillin< diclofenac sodium <

salicylic acid < theophylline.
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CHAPTER 3
STUDY ON DRUG RELEASE CHARACTERISTICS OF CROSS-LINKED
CHITOSAN/SILK FIBROIN BLEND FILMS BY USING MODIFIED FRANZ
DIFFUSION CELL

ABSTRACT

Chitosan/silk ﬁbroin !
glutaraldehyde as crosslinki Dru@ relcasépioperties of chitosan and blend
i \ ated '™ virro using a modified

| - \-‘\\\*&q as material representing
N}\\:\\ dium and amoxicillin

- ’i

by solution casting using

films of various blend ¢
Franz Diffusion Cell at 37
human skin. Theophy

trihydrate were used as mode] g m the highest release to

the lowest release was as fodlow

viline > diclofenac sodium
> amoxicillin trihydrate. Fogfal Pmodet drugsitie blend films with 80% chitosan

gave the maximum drug releas ase in thickness of the films

resulted in a decrease in the am-:}u :d. All model drug release dala

could be fitted 1o either zero ordér of Higuchi s'n hindicating that the releases of
model drugs from chifiSan—and—the—biend—fHims—were—eitid rate-controlling or
£ vi : A9

osan/silk fibroin blend

films could be used as ma nx ﬁ:rr sustained relcase of a drug for a transdermal drug

s (Y ANYNTNEINS
qumn’%ﬂi"ﬁ%"hwmaﬂ

Among possible routes of introducing controlled release medication into the

diffusion-controlled relea

body, the oral administration of single dose medication is one of the simplest and
safest. However, an oral controlled release formulation subjects to frequently
changing environments during transit through the gastrointestinal (GI) tract as it
passes from the strongly acidic to the weakly alkaline medium in the lower part of
the small intestine. One recent effort on eliminating some of the problems of

traditional dosage forms is the development of transdermal delivery systems
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(administration of a drug applied to the skin in ointment or patch form), in which the
main objective is to achieve an effective therapeutic administration for an extended
period of time. Moreover, the merits of transdermal administration are therapeutic
plasma levels (reduced peaks/valleys associated with intermittent drug
administrations), avoiding continuous infusion technique difficulties, low side effect

incidence (smaller doses) and generally good patient compliance (Ranade and

Hollinger, 1995).
»olysacchz ‘ by Pp-1.4 linkage of D-
mine (AQ% MR resi

Chitosan is a lines
residues. Some interesting

glucosamine and N-acetylgly

properties of chitosan ide"iocs devurd et al, 2002),
biodegradability (Xu er*al / ‘%‘ \1 andy and Sharma, 1991),

microbial resistance (Waflg afd On, 198 ‘- u ing ability (Arguelles er
al [1998). There are marny - ) hitosan. such as controlled
j L‘iH‘:iTIL*‘. {ML e al, 2002),

’u’mccnt and Guibal, 2000},

drug-delivery system (Gup

sutures ( Hirano and Noishi

membranes (Matsuyama el al “ d gatize (Tuect er al, 2001). Rocha er al.
(2002) studied the permeabilities "7": md amitriptyline hvdrochloride in
chitosan membranes and conelut ed tifat chitosar branes.can potentially be used

in a controlled-release s rsteir———
v, ' X' )
Silk fibroin is ene fed materials among the

natural biopolymers. Sl@fhmm is a fibrous pmtcm which consists of few types of

M /)14 (x5 110
o NPT Cajal 111

exchange memhmne composed of both weak acedic and weak basic groups and it is
expected to be used as the matrix of the drug delivery system with pH-responsive
function (Chen and Minoura, 1994). Nevertheless, silk fibroin films are very brittle
in the dry state and almost unsuitable for practical use. It has been reported that both
strength and elongation at break of silk fibroin films could be improved by blending
with either natural or synthetic polymers. Freddi er al (1995) prepared and
characterized silk fibroin/cellulose blend films. It was concluded that the mechanical
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properties of silk fibroin were improved by blending with cellulose, Wang et al.
(2003) studied the properties of silk fibroin/poly(ethylene glycol) blend films. The
resulting film exhibited much better mechanical properties in dry and wet state than
silk fibroin itself, owing to the conformational change of silk fibroin in the blends
from random coil to f-sheet structure and intermolecular hydrogen bond formation

between silk fibroin and poly(ethylene glycol). It can be seen that the mechanical

properties of silk fibroin could 'bé 'impgoved by blending. There are two
conformations of silk fibroin, random coil'and *Sheet structure. Silk fibroin with -
sheet structure has beugr icChanica peiticsdhan that with random coil
conformation. Conforn@#on_Lafsion fr to B-sheet structure can be
induced by gamma irradiatgn (el “ dmg (Chen er al., 1997a),
treatment with methan®! sgitiyé ) 9). Chen e al. (1997a)
a . fib ~ p using glutaraldehvde as
crosslinking agent. It w ansition of silk fibroin from
by ig with chitosan. In addition,
Chen et al. (1997b) also répofied ;LF ros flcd chltosan/silk fibroin blend film had
semi-interpenetrating network 2 o ble m with 80% chitosan had higher

degree of swelling thap the

The aim of ;ﬂmf of of chitosan/silk fibroin
drug Be imvitro study was carried out

1 I.lbll;'lﬂ cell and pig skm was used as a material representing

blend films as transde

using modified FFranz

o 171212241 0 L
AR1aN N0 ddaaNYa Y

Materials

The shell of Penaeus merguiensis shrimps was kindly provided by Surapon
Food Public Co., Ltd. Silk fibre (Bombyx Mori) was degummed by treatment with
0.5% Na;CO; at 100°C for 30 min, followed by washing with boiling distilled water.
The degummed silk was dried at 60°C for 24 h in an oven. Aferwards, the silk
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fibroin was dissolved in a triad solvent CaCly: EtOH: H,0 with mole ratio of 1:2:8 at
100°C for 15 min. The silk solution was then dialyzed against distilled water for 7
days. The solution was next filtered through the sintered glass filter and
subsequently diluted to achieve a concentration of 1% w/w.

Sodium hydroxide 50% w/w solution was kindly supplied by KPT
Cooperation (Thailand). Glacial acetic acid 99.9% w/w purchased from J.T. Baker

purchased from Fluka.

\ “\“ icals, Australia. Theophylline
Go., Lid., China. Diclofenac
dustry Co., Litd., China.
, Lid., Spain. Other

was analytical grade. Glutaraldehyd

Salicylic acid was purch:
was purchased from Shangl
sodium was purchased
Amoxicillin trihydrate ¢

reagents are analytical gréide g

Equipments

Capillary Visco

The viscosity-avera sight of chitosan was determined

by using Cannon Ubbelghd  fiumber 30 ¢ iscemeter.

Y. )

e

FTIR S Jﬁ ophe g
The FTIR sp ctrum of chuusan was recorded with Vector 3.2 Bruker

o “”ﬂﬁﬂ"‘?ﬁﬂﬂm 110
““"“‘““‘W“ia&ﬂﬂﬁﬂm'mmaal

UV/Visible Spectrophotometer
The amount of drug releasing from chitosan films and the blend films

at pH 5.5 was determined by using Perkin Elmer UV/visible Spectrophotometer
model Lambdal0.
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Methodology

Chitin Preparation
Chitin was prepared from shrimp shell by decalcification and
deproteinization to remove calcium carbonate and protein, respectively. The shrimp

shells were cleaned and dried under sunlight before grinding into small pieces.

Shrimp shell chips were treated by \“f I N HCI solution for 2 days with
occasional stirring. The decaléi \: hed with distilled water until
neutral. Deproteinization was-letiowed b¥ bothngand®% w/w of NaOH solution at

80-90°C for 4 h. After

. o H
deionized water until neutra // cl | n \

ed at 60°C in a convective
oven for 24 h. :gat \

i&- - ".
me50% wiw NaOH solution

he chips were washed with

Chitosan Pgé .m...

Chitin was }ﬁig ﬁ-

containing 0.5% w/w sodium g ,gf" ---- 3H o prevent depolymerization.
The ratio of chitin to NaOH solut, :‘-j hitin in 10 ml of NaOH solution.
The deacetylation was pgr d in an aufoc fgr 1 h. The deacetylated

product obtained ‘Q:f‘___ [¥dter until neutral. The
resulting chitosan ﬂakesgs dricd B0°C for ﬂh,

YT TIRD

Théllegree of deac:.nl.i;mn of chlmsan was dctcrmmﬂd based on an

IR spect f chitosan
powder, ﬁcw mlms 511:'-'@‘\5 Dc?anﬂﬂux? ﬁl)tlﬂﬂ mg of

potassium bromide to prepare a KBr disk. An infrared spectrum was recorded in a
range from 4000 to 400 cm™. The absorbances at 2878 cm™ (the C-H band) and
1550 (the amidell band) were used to determine the degree of deacetylation. The

degree of deacetylation was calculated from the equation 1.
D =98.03-3 4.ﬁ8(ﬁ|5sg}rﬂ2“;} (1}
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where D = degree of deacetylation (%)
Ajsso = absorbance at 1550 cm”
Azgrg = absorbance at 2878 em™'.

Viscosity-Average Molecular Weight of Chitosan
Chitosan solutions of different concentrations (0.00, 0.0125, 0.025,

mwd through the cap:tlary
iple was measured 3 times.

/7 (l \}\\‘.\“:\ calculate the relative

duced viscosity was

maintained the temperature al,
once before the running ti
The running times of sol¥¢n
viscosity, specific viscosi¥, gd ¥
plotied against the concepufitigh and wrinsic \iseosity determined from the

intercept. The corresponding gu;

Relative viscosity fin ,rﬂ (2)
LA LN

Specific yiscosiC S 3)

(4)

Reduced x-iﬁsn}
AN HRINYIAT  ©

where t is the flow tifile in seconds of chﬂum solution, t,i is the flow llme in seconds

T RNIANT el wer) in L

based on the Mark-Houwink equation (Lee ef al., 1974)
In] =7.52x107" M'™e (6)

where |n] is the intrinsic viscosity and M is viscosity average molecular weight.
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Chitosan Solution Preparation
Chitosan flake was dried at 110°C for 1 h before use. Chitosan

solution was prepared by dissolution of chitosan in 1% w/w acetic acid. The
chitosan solution was allowed to stand overnight at room temperature to get rid of air

bubbles before preparation of films.

fibroin were prepared by

*~ ilk gib and 1% w/w of chitosan
0 added to the blend

solution. Glumraldchyd:f : :

solutions at the amount g * Lm\u\'\\ itosan. The model drugs
(theophylline, diclofenag#Sodi / ali ' \

added to the blend solutj

solution containing a model@irug we ‘ \\\

a dust-free atmosphere at room

mixing various ratios of 1%

icillin trihydrate) were
£ .0% wiw., The blend
. residues some amounts

j! t to get rid of air bubbles

J *}g-ﬂ uﬂ;l .1
temperature. The films were allowéd ia drv at ambient temperature for 72 h and then
LR T

stored over silica in a desice

\|.|

-

]

Pig m‘
Permeatio expcnmems were performed with full-thickness pig skin

which were ex m were surgically
removed and c!eaﬂiuﬂﬂ’a‘:mvm mnﬁj fat. tissue, blood
vessel and al hair_w. Saﬂ 10 ¢ skin was
free of ob Iﬁ-ﬁﬁ' ﬁc HM@ mma éjﬂh normal

saline and ﬁl‘]ﬂu}" with distilled water, blotted dry, wrapped with aluminium foil and

stored frozen before use. To perform in-vitro skin permeation experiment, full
thickness skin was thawed at room temperature and cut into picces (peripheral of
circumference cell cap area) and a unit of drug-loaded blend films was applied onto
the stratum corneum surface of the skin and then mounted individually between the
half-cells.
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Spectrophotometric Analysis of Model Drug
UV/visible Spectrophotometer model LambdalO (Perkin Elmer) was

employed to determine the maximum spectra of model drugs (theophylline, salicylic
acid, diclofenac sodium and amoxicillin trihydrate). It was performed by scanning
the UV absorption in a wavelength range of 350-200 nm. Model drugs in aqueous

solution was prepared for scanning the maximum absorption wavelength. The

and amoxicillin trihydrate.g velEhgihuok 272, 299, 275 and 272 nm,

wavelength of model drugs

s were calculated from the

respectively. The ab
were read and the co
calibration curve. The«libafil@ryCirves swere plotted between the concentrations of

drugs and the absorbang® | ri iS00 Ao ns ‘of drug were in range 0.1-1

mg/100 ml. \

g from prepared membrane was

studied using a modified Fhe full-thinkness pig skin was

mounted onto the “'-f,_- e with the s :’[ corneum side facing
F \

: , -~ acing downward into the

unit of drug-contained blend film was placed over the skin

upward into the donor

receptor compariment.
¢ o o

and the whole tawsacﬂlﬁ Mmm@ on the top. The

receptor comp as then i etale’ Buffer solution pH 5.5

waterba 3 ﬁﬁ I i[’ r 910[ i from the

receptor compartment at predetermined time intervals of %, Y4, %, 1, 114, 2, 214, 3, 4,
5,6,8,10, 12, 14, 16, 18, 20, 22 and 24 hours; the samples were replaced with an
equal volume of freshly prepared pH 5.5 acetate buffer solutins (drug-free). The

drug concentrations in these samples were determined by the UV/visible
spectrophotometer method.
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RESULTS AND DISCUSSION

Effect of Blend Composition on Drug Release

Drug releases from the drug-loaded chitosan/silk fibroin blend films
containing chitosan contents of 100, 80, 60, 50 and 40% were studied at 37°C and

pH 5.5 using modified Franz diffusior £ 4 However, drug release from the blend
films with chitosan content i S5 than 4076 fee Lot re rted because the films were
The results of drug release
study are shown in Table maxlmum drug releases were
found for the blend film
salicylic acid, diclofeff di

films with 80% chitefin £odtefit werer 92 W4%. 73.09% and 32.00%,

e amounts of theophylline,

/

ale released from the blend

respectively. Compareddo plirg chitgiss 1}
from the blend films with 80° t;f, d

pure chitosan film (Figure

\ ounts ol model drug released

higher than that released from

hie drug release from hydrogels is

mainly controlled by sx\ellmg se mechanism (Peppas er al, 1983).

According to this, the ¢ ling c an and the blend films after

releasing of drugs werginvestigated and the fioMwn in Table 3.1. It was
found that the m:mimuE degre d ru%:adcd films were obtained
for the blend film with Eg.% chitosan contera’ This result is in good agreement with

the study of L g‘ﬂ{ swellmg behavior of
glutaraldehy de- -.qpnlm ed chitosan an silk fhroln h]end f'lms and rcpc}rlcd that the

e A AN imm e

group of chnusan and amide group of silk fibroin can be formed at pH higher than
pKa of amino groups of chitosan (pKa = 6.3-6.5). However, at pH less than the pKa,
the protonation of amino group of chitosan occur and hydrogen bonding disappear,
resulting in swelling state of the films. The dissociation of the hydrogen bonding
between amino group of chitosan and the amide group of silk fibroin was shown in
Figure 3.2 (Chen ez al., 1997b).
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Table 3.1 Drug release and degree of swelling of chitosan and the blend

films of chitosan and silk fibroin

Weight ratio of :
Model drug . Drug release Degree of
chitosan to silk
- (%) swelling “ (%)
100:0 66.26 708.82
{ 958.69
Theophylline A 389.45
2NN | o
l //ﬁ:’\ ‘tﬁ"r ~ 313.41
‘\ 951.23
1056.87
Salicylic acid 488.70
441.29
404.89
554.82
Diclofenac 003.04
sodium ﬂ 6%4(] LY z;izz
| 049330
Threkss |
80:20 32.00 940.48
Amoxicillin 60 : 40 21.57 448.60
50:50 18.83 398.95
40:60 14.09 352.89

(a) The values at equilibrium state
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90 ; S ’ % chitosan content
50 AW

S &'ﬂns&m content

A

Ilfff

Drug release (%)

Salicylic acif wlisie s \Diclofenaé  Amoxicillin
trihydrate

A
- e

Figure 3.1 Comparison of percentages of d

: i@ réleased from chitosan and the blend
film with 80% chito (

dt.and (B2 ) 80% chitosan
X |

2

content,

. gudineninging.
KLk IRErTaE

Figure 3.2 Formation of hydrogen bond between chitosan (CS) and silk fibroin (SF)
in the semi-interpenetrating network and the dissociation of chitosan and silk fibroin
by breaking down the hydrogen bond in the acidic medium, Chen er al. (1997b).
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Furthermore, it was found than as chitosan content in the blend films
decreased from 80% to 40%, the degrees of swelling of the blend films as well as the
releasing amounts of drug decreased. Since drug release property correlated to
swelling behavior of the blend films and swelling ability of the blend films depended
on the blend composition, it might be said that drug release from the blend films was
influenced by the blend composition of the films. In addition to swelling-controlled

release of drugs from the fik e ocd ‘ fosion process as well.

Since all model dryff it it eases for the blend film
with 80% chitosan content, Figurg Vs .' | ntages of drug released
from the blend film with th : to those released from
pure chitosan film. It was fou from the highest release to the
lowest release was as follows: ine > diclofenac sodium >
amoxicillin trihydrate ;o= Th :

V«

compositions. The maifi{ae tmn of drug from a

polymer matrix are rn -- ymer interaction and

solubility of drug hs’ cular weights of
model drugs lhaﬁrﬁy W(ﬁaﬁ Wﬁr’Iﬂ‘i theophylline,
diclofenac sodium ami amoxicillin tri drale res ﬂvel}r, it can bé.éeen that the
order of drd e highit b Yo VI Sor e
to that with ﬁm highest molecular welght. It n-ught be explained that the drug with
lower molecular weight could penetrate from the network of the films easier than the
drug with higher molecular weight.

Furthermore, the interaction between polymer matrix and drug also affect
the drug release property of the films. The structures of model drugs are shown in
Figure 3.3-3.6. For salicylic acid (Figure 3.3), there is carboxylic group in its
molecule. Puttipipatkhachorn e al. (2001) studied on drug-polymer interaction of
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chitosan and salicylic acid. It has been reported that carboxylic group of salicylic
acid could interact with amino group of chitosan by the formation of salicylate anion,
as shown in Figure 3.7. Therefore, there might be some interaction between salicylic
acid and chitosan in the blend films. For theophylline (Figure 3.4), there is no
functional group that can react with either chitosan or silk fibroin in the blend films.

In addition, Puttipipatkhachomn et al. (E{Iﬂl] reported that there is no drug-polymer

interaction between theophylline and, ehifose In this study, the interactions
between chitosan and the model diuy by FTIR technique and the
=1 of chitosan (Figure 3.8(a))
ind 1411 cm™, indicating
iy ‘Heetate (Yao ef al, 1994).

round 1561 em™ (amino

results are shown in Figure 3.8
shows the symmetric cark
that chitosan in the film
The characteristic peaks g
group of chitosan and amig mide 111 of chitin) (Figure
3.8(a)). Moreover. the charg ‘ FLEN ed Q sae hﬁdﬂ structure appear at
around 898 cm™ and 1153'¢ Ghenptal 198 'f ot the silk fibroin film (Figure
3.8(b)). the absorption band at ; ' ciit- ude 1) and 1542 em’ {amldf: 1))
B conk ion were observed (Chen er al,
ic ac d (Figure 3.9(e)), the

which are attributed to the randoni eo
1997a and Yoshimizu er m’
carbonyl stretching pdgl wm-m SCred =“§I"""“'—'=-'=“-‘-’ [Muﬁ'at, 1986). For

salicylic acid-loaded hic C "'_f em” assigned 1o an

asymmetric NH; ™ bending was observed (Figure 3.9(d)) (Silverstein er al., 1991). A

new peak was ‘ i ]i‘ "y phi assigned to the
symmetric carhﬁzq ﬁlﬂe Wnl ﬂ mnu 3.9(d)). It might
be indicated th licvlic acid could iffteract wil It of amino
group to Qrﬁsﬁ] ﬁ %a hﬁﬁ Elgp] ﬁiﬂmsults of

Puulplpalkhachum et al. (2001) who studied the drug-polymer interaction of
salicylic acid and theophylline in chitosan films by FTIR and solid state '*C NMR
spectroscopy. In case of theophylline (Figure 3.8(e)), the absorption bands at around
1720 cm™ (C=0 stretching), 1676 cm™, 1567 cm™ (C=C stretching), 1485 cm™ (C=N
stretching), 1314 cm™ and 1242 cm™ (C-N, C-O vibration) were observed. For
theophylline-loaded blend film (Figure 3.8(d)), the FTIR spectrum of theophylline-



74

loaded blend film did not show any new peak or peak shift indicating that no drug-
polymer interaction was observed in theophylline-loaded blend films.

In case of diclofenac sodium, although diclofenac sodium has carboxylic
group in its structure (Figure 3.5), it is difficult to interact with amino group of
chitosan because of its bulky group. In this study, characteristic bands of diclofenac
sodium (Figure 3.10(e)) were in 3350-3310 cm™ region (NH stretching vibration),

- 5 St 1. =1 .
(asymmetrical carboxyl stretc g vibration) #nd”: ound 1400 cm™ (symmetrical

loaded blend films was It could be suggested that

there was no interactio sfenac sodium.
For amoxicilliggfriby@udtd fsimilar \ta ‘dicloferlic sodium although the
\ \\‘\ group made it difficult to

Hcillin trihydrate is shown in

it might not be able to

Figure 3.11(e). Characterist) ) o abaround 1250 cm™ (phenol CO
combination band), il deformation and phenol OH
combination band), 1482 cm g

band and NH;" symmgBie deformationt TERE cov—Famu b/ CO stretch) and 1775
e X

ing. CN stretching combination

em” (B-lactam CO strétehing Be TR peaks of amoxicillin

trihydrate did not changed when amoxicillin trihvdrate wias' loaded into chitosan/silk

e o T D T S ey e
between ::himsa cillin

Thereﬁ:lrc among four modef drugs, salicglic acid was te’only one that
ity W PG 3 b SNl 3] e L) e
polymer m?eraclmn on drug release could be observed in drug release profile of
salicylic acid as shown in Figure 3.12(a). It was found that the release of salicylic
acid had an initial lag time that the other model drugs did not have. It might be
suggested that the initial lag time was spent for dissociation of the interaction
between salicylic acid and chitosan before the release of drug occurred. In addition,
the solubility of drug in the blend solution is another factor that can affect the drug

release. The solubility in water of salicylic acid. theophylline, diclofenac sodium and
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amoxicillin trihydrate are 2.17 mg/ml, 8.3 mg/ml, 21 mg/ml and 1-10 mg/ml,
respectively (Brittain, 1994 and Florey, 1975). From our results, although the
solubility of diclofenac was higher than that of salicylic acid, the releasing amounts
of diclofenac were less than those of salicylic acid. It might be explained that drug
release property resulted from a combination of various factors, e.g. molecular

weight of drug, interaction between drug and polymer matrix and solubility of drug.

Figure 3.3 Structure of sa
:y::
]

I

ARA9ING

Figure 3.4 Structure of theophylline.
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Figure 3.6 Structure of amoxicillin trihydrate.
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COOH COO™ HyN*
OH  NH; —— @0}1
+

Salicylate Chitosan

Salicylic acid

Figure 3.7 Interaction befweer

Table 3.2 FTIR characteg

Frequencies (cm™) l /ﬁ'&;\ v remarks

and amide 11 of

1561

1411 | Ilz ‘\R\- stretch

1257

1153, 898

Table 3.3 FTIR chara-ﬂristic absorption fibroin

Frequencies (ﬁTl ) Mﬂﬂgmﬁrks

1650 'q Amide I, C=0 stretching

Table3.4 FTIR characteristic absorption bands of theophylline

Frequencies (cm™) Assignment and remarks
1720 C=0 stretching
1676, 1567 C=C stretching
1485 C=N stretching
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1446 C-H bending

1314, 1242 C-N, C-0O vibration

Table 3.5 FTIR characteristic absorption bands of salicylic acid

Frequencies (cm™) Assignment and remarks
1656 2N =0 stretching
1628 R L e metric NH;'
1440 ) &=C stretching

1384 ////‘“{‘:1\ ic COO™

690,760 ///ﬁ,‘:{\g\\ =H bending
’ N

Table 3.6 FTIR chara; diclofenac sodium

Frequencies (cm™) @\ and remarks
3350-3310 stretching
3100-3000 : tretchmg vibration
1600-1550 ;-,;—“ ai-o=0stee chmgwbratmn
1400 '_l| | =0 <[ tchmg vibration

ﬂ‘lJEI’J‘VIEWIﬁWEI'm‘i

Table 3.7 FT IR characteristic ab‘orptmn banﬂs ﬂf amﬂmc@yn trihydrate

Freqﬁ;m ;Fa! ﬂ i
5

1775 B-lactam C=O0 stretching
1686 amide I, C=0 stretching
1482 amide II, N-H bending and C-N stretching
1396 dimethyl C-H deformation and phenol -OH

1250 phenol C=0
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blend filth with 80% chitosan content, (d) theophylline-loaded blend
films with 80% chitosan content and (e) theophylline.
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(a)

(b)

(d)

w AR IBITHND T oo
s ERmInenat

(e)

Figure 3.9 FTIR spectra of (a) chitosan film, (b) silk fibroin film, (c)
blend film with 80% chitosan content, (d) salicylic acid-loaded blend
films with 80% chitosan content and (e) salicylic acid.



A WA TE] S 1 @)
Wanelength (i)

Figure 3.10 FTIR spectra of (a) chitosan film, (b) silk fibroin film, (c)
blend film with 80% chitosan content, (d) diclofenac sodium-loaded

blend films with 80% chitosan content and (e) diclofenac sodium.
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blend filfh with 80% chitosan content, (d) amoxicillin trihydrate-loaded

blend films with 80% chitosan content and () amoxicillin trihydrate.
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Effect of Releasing Time on Drug Release

The release profiles of each model drug for chitosan and the blend films are
illustrated in Figure 3.13-3.16. The releasing amounts of drug from the films
increased as releasing time increased until reached the equilibrium. [t is known that

the release of drug from hydrogel is controlled by swelling-controlled mechanism.

According to this, swelling behavior of ¢ af @nd the blend films as a function of
time were also investigated usingth slonde a¢ results on swelling behavior
of chitosan and the blend films-aia7C an Hﬁown in Figure 3.17. The

degree of swelling of chitosan apdfeblend films remarkably increased at the initial
stage and finally reached the 4 . WAl the in \ ge when the dry films

contacted with the pig ski solution from the pig

skin diffused into the filmsd€adifiodofwotienstage of hydrogel. At this stage, when
the films became swollen, thé'dglt dnside‘ihe C - gnetrate out of the films.

The diffusion of water into e Ml and ‘diffusiony of drugs from the films

occurred until the films reached gt - \
i adas :

U

AULINENINYINS
PMIANTUAMINYAE
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Figure 3.13 Effect of

100% chitosan content

content, (&) 50% chitos i@san content.
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Drug release (%)

Figure 3.14 Effect of releasing time on releasing of salicylic acid. (#)
100% chitosan content, (M) 80% chitosan content, (A) 60% chitosan
content, (&) 50% chitosan content and (0) 40% chitosan content.
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Figure 3.15 Effect of relea$i “diclofenac sodium.

(#) 100% chitosan content RO ch \\ \~ A) 60% chitosan

content, (&) 50% chitosan canis \ an content.
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Figure 3.16 Effect of releasing time on releasing of amoxicillin
trihydrate. () 100% chitosan content, (M) 80% chitosan content, (&)
60% chitosan content, (&) 50% chitosan content and (0) 40% chitosan

content.



&/

1200 - - ]

< 1000 . 3 |

£ | m N z ;

2 300 . * 2 ; Z ; :

E 33 o

Z 600 m RO

s [

E; 400

E 200

n - - ‘ ,
0 zuny 8004000 1200 1400 1600

Figure 3.17 Degree ol ng Ot it an/silk fibroin blend films as a
function of time (@) 1 chitg ntent, (M) 80% chitosan content,
(A) 60% chitosan contefit, &) 50 tosan content and (0) 40%

chitosan content.

Effect of Thickness on wxg

Since th ss of films. the
effect of the fil @MWg rcmnas lnvesllgaled and the results are
shown in with 80%
chitosan %Wﬁaa iﬁm‘j‘c“ﬁﬁiﬁmbﬁhﬁ El ranges of

thickness studied were 20-30 um, 50-60 um and 100-120 um. It was found that the
amount of theophylline released from the films with the thickness of 20-30 um, 50-
60 pm and 100-120 pm were 77.44%, 14.92% and 10.41%, respectively. The more
thickness of the film, the longer diffusion path. This resulted in the lower amounts of
drug released. Therefore, the thin film is recommended to obtain high amount of
released drug.
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CONCLUSION

The releases of theophylline, salicylic acid, diclofenac sodium and
amoxicillin trihydrate from crosslinked chitosan/silk fibroin blend films were

investigated using modified Franz difiugion cell. The blend composition (chitosan

and silk fibroin) could affectthe degree 6 ing and the releases of model drug

from chitosan and the blend films. L s studied, the maximum dru
ialar. g

releases were obtained ‘ ms wi T % chitosan content. The results of
drug releases correlat ' ‘ 4 be .\ \\\ blend films. The higher the
degrees of swelling, . This might be said that

the releases of mode! \ ere mainly occurred due to

swelling-controlled Telegfe #étha s ?\'\  the release of model drugs

occurred due to erosiofn pry i * \\ -
to the lowest release wils o ‘53' ' xh ;

rugs from the highest release

> theophylline > diclofenac

sodium > amoxicillin triflvdfies Al there are several factors, such as
molecular weight ol drug._Jntersenion n drug and polymer matrix and
solubility of drug. -;_------—---_---1.____.“.“." e characteris E"' it seemed that molecular
weight of drug plafietf a gase«n this study. In addition,

. Il
the thickness of the "v-l s was another actor that influéhced on the amount of drug

released. Thﬁcrﬂs; fndthe thickness offlie films resulted in the decreases in the

amounts of a4k, GnRLb Pnglick i e Bfob mlease data were cither

fitted to zero mﬂer or Higuchi’s model. It could be said that the dgug permeation was

v R B G BN ABYBI UG s o
concluddd that the crosslinked chitosan'silk fibroin blend films were possibly used as

the matrix of the transdermal drug delivery system.
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Material Characterisation

Characterisation of beta-chitin/poly(vinyl alcohol) blend
films

Abstract

Blend films of f-chitin {derived from sgai p«
technique from commesponding solutions of i
solvent, films prepared from pure f-chitingnd g
composition was found to be cloudy. Miscily
compasitions was assessed using differcntial g€
ming electron microscopy (SEM) technigue
slightly with an increase in the P-chitin conter
mechanical properties, and swelling behaviog
© 2002 Elsevier Science Lid. All nghis rese

Keywords: B-chitin; Poly{vinyl alcohol), Blend film

j e prepared by a solution casting
led formic acid. Upon evaporation of the
' arent, while the film having 50/50
s phase of the filgns "at various
metric analysis (TGA), and scan-
e blend films was found 1o increase
on apparent degree of crystalliniry,
o investigated.

1. Introduction

Natural polymers as biwchnnlogicﬂbﬂh 01
iesources have been widely investugaied use of thew

umque properties, which include, for examplé. nontox-

wity, degradability, and biologi thitys
or poly(M-acetyl-D-glucosamin 5 ﬂn&
which 15 abundantly available in' paiufe "as

m cell walls of vanous fungi, as®™well as i shells of
vanous insects and cru c imingts peedapunantl
present as a fibnllar cnﬁ%rﬂ%ﬁ%
red speciroscopy and X-fay i atd, chitintea
be found in onc of the three crystalline forms [1] a
chivn, B-chitin and y-chiuin, respectively. The molecules
in onhorhombic a-chiun are arranged very ughtly in an

anu-paralle] fashion. @-Chiun 1s mainly present in shells
of crabs. lobsters and shrimps. [i-Chitin, obtained from

* Comesponding author. Tel: +66-2218-4132; fax; +66-
1215-4459,
E-mail address: ratana.ni@chula.ac.th (R. Rujiravanit)

ochnic form in which the
parallel fashion, while y-chitin
3 ihe molecules are arranged in both
parallel and anti-paral’él manner. As a result of the mol-
cc-ullrwkmg. intermolecular intcractions in B-chiun are

1 ! wm: making f-chiin being
ﬁ _ b disspl %ﬁn a number of solvens,
hi al -l being more reactive and

¢ versatile

dies_re o film _fapa f chiun e, a
I I%a’\anm p’uﬁr hﬁ;_;l’iu deaceryl-
ivally 1€, n L use chitin 15

msoluble i most common argamic solvents, a direct
result of the strong wntra- and iner-molecular hydrogen
bonding [2.3]. while chitosan can even be dissolved in
dilute organic acids. In cenain applications, especially in
the biomedical fields. chitin 1s more favorable than chito-
san. This 15 due to the fact that the acetarmide group
present in chitin 1s simalar 1o the amide linkage of protein
in living tissues [4]. making chitin more biocompatible
than chitosan.

Blending is an especially impornant process for

0142-9418/03/5 - sec from maner © 2002 Elscvier Science Lid All nghts reserved

don 10 1016550042-94 1 B(02 ¥ 1 18-6
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developing industrial applications of polymeric materials
and compatibility among components has a marked
influence on the resulting physical properties of polymer
blends [5]. Through a suitable choice of polymer pairs,
blends of polymers can often be tailor-made 1o exhibit
specific and desirable propenies. Blending a natural
polymer with a synthetic one scems to be an altemative
way of preparing pelymeric alloys 10 meet specific appli-
cations. Studies related 10 blends of a-chitin with a syn-
thetic polymer, e.g , polycaprolactione [6,7], poly({3-hyd-
roxybutyric acid) [8], and polyamide-6 [3], are available
in the open literature, \

Due 10 its good solubility, B-chitin can be
cast o films, but, because of its molecular rigidir
high overall apparent degree of erysiallinityg

obtained show ngid characier. Blending i with
another flexible, synthenic polymer
antractive way for improving properties of | /]

Poly{vinyl aleohol) (PVA) is a nontoxi
synthetic polymer that s widely used in
applications. With s excellemn film-
PVA is a pood candidate for use as me
hydrogels [9,10].

In this present contribution, [i-chitind
were prepared by soluton-casting  from
f-chitin and PVA in concentrated formic
compositional ratios. The effect of blend ¢
on physical properiies, thermal properies
propenies. morphology, and swelling behavior
tcd and compared with those of pure compo

1. Experimental details

M. Peesan et al. / Polymer Tesung 12 (2003) 381-387

°C for 12 h. The final thickness of the dried films was

in the range of 30-50 pm. All of the as-prepared films
were kept under dry conditions before further use.

2 1. Measurements

Intrared spectra of the as-prepared films were recorded
using a Bruker wector 3.0 FTIR spectrophotometer
(FTIR). A Menler DSC 822¢/400 (DSC) was used 10
investigatc thermal behavior of the films. To set the ther-
istory for all samples, each sample was first heated
and then cooled to 9 °C at the scanning rate
!, The thermal propenties of the films were
e second heating scan at the heating rate
. The glass transition temperature (7,)
smperature (T,.) were determined as the

“the specific heat increment and the
iermic melting peak of DSC rtraces,
&l subility of the films was evaluated
k AT (TGA) operated under nitrogen

| zating rate of 10 *Cxmin™' from

g DMAX-2000 wide-angle X-ray
aclome XD) equipped with a CuKa X-ray

. V and 30 mA was used 1o obtain
grams, as-preparcd films over the 20 range
-40° scanning speed of 5 degreexmin ™'
eiched surface of selecied samples
JEOL 5200-2AE scanning clectron
M). A Lloyd tensile tester was used to
mechanical propenics of the as-prepared films.
gc length was 125 mm, and the crosshead speed
= H L]
of the as-prepared films was
ng the weight of the films aficr

i

I g

Q

2 1. Marerials

f-Chiin was prepared from squid pﬂi by cid

alkali treatment. f-Chitin was pulvenzed phior 1o use into
powder, the size of which ranped from T 75 pm

rva, purchascd from Fluka, . .
menzanon of ca. 1600 and 1 £ r ﬂ
ca 99 5%. Formic acd (reapen de’ Labbra

¢

and cthylene plvenl (1 1 Haber leere used as received

2 e QAR RN T

PVA was hirst dissofled thoroughly in concentrated
tormic acid (99%) 1o prepare 1% by weight (w1%) sol-
unon Later, a known amount of [l-chinn powder was
suspended in concentrated formue acid (99%) at room
lemperature 1o prepare | wi% solution and the suspen-
ston was frozren overmight a1 0 °C. Afier thawang a1 room
lemperature, the solution was filicred with a glass filer.
A senes of B-chiun/PV A blend films with different blend
compositions were then prepared by solution-casung
technigue. The films obtained were allowed to dry at 60

a ter and vanous sall solutions
. of NaCl, CaCl,, and FeCl,) for
I8 hin co ith the dry weight of the films
prior to the immersion. The degree of swelling was
deieqmined according to the following relationship:

W% Wﬂ'g’*}‘ﬂ @ Wl W) x 100,

where W, and W, represem the weight of the films afier
and prior togammersion It s impanant to note that all
-
afie

ing of the as-pre-
or corresponding solunions for € days.

th

MErSIOn 10 Walcr

Y. Results and discussion

Solutions of pure fi-chiun, pure PV A, and their blends
appearcd 10 be homogeneous and wransparent. The color
of the solutions vared from colorless of pure PVA sol-
vtion 1o yellowish with increasing f-chitin comemt. Afier
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evaporation of the solvent, the as-prepared films of pure The facts that only single T, peak was observed for each
f-chitin and pure PVA were found to be mansparent, blend composition and that the resuliing 7, value was
while the 50/50 P-chi.in/PVA blend film was found to found 1o increase slightly with increasing f-chitin con-
be cloudy. In addition, it was found that the blend films tent indicated panial miscibility of f-chitin and PVA in

became more brittle with increasing f-chitin content, the amorphous phase ai the molecular level for any given
compositional ratio.

11, Characieristics of §-Chitin/PVA blend filems The melting endotherms for pure B-chitin, pure PVA,

and a series of f-chitinPVA blend films are shown in

Since the molecules of both i-chitin and PVA are cap- Fig 2. Clearly, the T value for pure PVA film was

able of forming hydrogen bonds, it is expecied that some found 10 be ca 180 °C, and the position of the mehing
specific interactions could be formed berween the maol- | ndotherms for f-chitinPV A blend films a1 various com-
ecules of different species. ln this work, observatian | wons tended 1o shift 1o a lower temperature with
the as-prepared blend films using FTIR did not indicaic B-chmin comem. For pure f-chitin film, it 1s

! u ‘ observe a broad cndothermic peak, the
Swhiieh was observed a1 ca. 120 °C. This could
bc“hc relaxanion of the acelamide groups
C2 posion in B-chitin chains [12]. 1115
“that the T, value for pure B-chitin could
d, a direct result of the rigid-rod nature

not shown). However, Lee e al. [11] reponéd
their  FTIR results, that intermolecu

cxist, because they found shifting of bo
carbonyl stretching bands upon blendis

PVA. The differcnce between our results Ry | < ccular backbanes making them being
be due to the difference in the moleculafveight ghare = ks radation befare melung, This phenom-
teristics of the constituents studied. =4 4 typical for many other polysaccharides,

iy of the as-prepared films can be

Miscibility of B-chitin and PVA a i
1 echmique Fig 1 shows the TGA

compositions was invesugated by 480 _ (" B — <nvied

values of the as-prepared pure and blen 4 : Jurdes. f-chitn, pure PVA, and 50/50 [
shows the second heating thermograms i j Imuua... e mn-“l‘,'; L blendfilms. All of the samples tesied showed
purc PVA, and a serics of B-chitinMVA bleae By weight Tass a1 ca. 50 °C, likely a result of moisture
pure PMA film, the T, value was found 1g = o heaung The amount of moisture con-

which was ca. 25 °C lower than thar obscrygd S rdalan all samples testied was almost simular,
neat resin. This could be a result of the oxid ‘ p 1 the denivanve TGA curves, pure PV A film
dation upon dissolution in concentrated formic # ind 1o deprade a1 ca. 270 °C (sce Fig. 3. curve

the plasticizing effect due 1o the presence of tesl /i pure fichitin film showed two degradation
vent molecules in the as-prepared flms onboth Based-  pe 262 and-349 °C, respectively (sec Fig. 3;
on DSC resulis, the T, value for purcf-hit ily, the 50/50 B-chitinPVA blend

not be observed in this work. Ho Lin S on behavior intermediaie to those
used a more sensitive DMTA 1cchifidus 1o n s, exhibiting rwo degradation
7, value for pure P-chitin and they reparied M 342 °C, respecuvely {see Fip. 3.
I]‘ﬂ"’( For as-prepared blend films, i‘l gle T, shoulder curve (b)) Tableed hists the degradation peak values

peab. was clearly observed for each b!cné compasition
r~9

e

 [ohdim
0% [Py ag
10
i
o
s
0%
(L
150 100 150
Tempersture (C) Temperature {"C)
Fig | The second heatng thermograms for pure Be-chitin, Fig } The sccond heatng thenmograms for pure fi-chatin,
pure PVA, and 2 senes of f-chitin/PVA blend films (recocded at pure PVA, and 3 senes of PchitunPVA blend films (recorded
10 *Cyaman * ') in the temperature range where 2 glass transibon at 19 *"Cxrmn ') an the temperuture range where & melung

should be observed. cndotherm should be obscrved.



384 Al Peeson et ol f Polymer Tesung 27 (2003) IRI-31R7

purc PVA, and a series of P-chitinPVA blend films.
Obviously, the WAXD pauem for pure f-chitin film
exhibited two crystalline peaks at the 20 angles of ca.
7.4 and 19.4°, respectively. This observation is in general
accordance with the finding by Ren and Tokura [13],
who reporied that the rwo characieristic crysualline peaks
of P-chitin were found at 8 50 ard 19 98°, corresponding
to the (010) and (020) and (110) refraction plancs,
respectively. When PVA crysuallized in a2 monoclinic
unit cell {with the cell characiensucs: @ = 0.781 nm,
b5=0252nm, and c = 0511 nm.a=f=90° y=
97.1°) [14], the main peaks in the WA XD pattem should
Temp (C) ippear ot the 20 angles of 11.3, 19.7, 22.9, 28, 32.5, and
5], According 1o Fig. 4, the WA XD panemn for

Fig. 3. TGA curves ot pure fi-chitin, pure PV A, n :“#" ed PVA film only showed a broad crysal-
of f-chitn/PVA blend films (recorded at 10 ' hine'ns , 26 angle of ca. 18.7° For f-chiun/PVA
) blead filins, the diffractograms appeared 10 be intermed:-

Table | LR the purc components It is evident that,
Degradation temperaturetsi of pure fi-chitin, ST o s f-chitig_inCredsed. not only did the intensity of JB-
senies of f-chiun/PVA blend films stic crystalline peaks become less pro-
ially when B-chitin content was lower
¢ crystalline peaks became broader
i g decrease in the size of f-chiin erys-

e weight loss
2 &8 8
i 1 L ]

e
=

0 150 300 450 600 750

Type of film Ist T, °C)

f-chitin 26210

B0 B kst 26412 - e Ti’?i"ihf.‘iﬁ‘;i“m”“‘m"ﬁ‘{ii
60/40 B-chuun/PV A, 651 | 12 e i N ' hi

$0/50 Bchit/PVA 26941 : as'blended with, B-chitin

40060 B-chiun/PVA 27112 shown in this paper, surface mor-
20/80 B-chutn/PV A K02 PVA blend films was also obscrved
PV A 170+2 on micmsl:npy. Afier drying the films

mperature for 48 h. the films with porous struc-

bidined for all of the blend composiuons On
ary, when the films were instead dned i an
60 °C for 12 h, shrinkage in the films was

studied. :For most btmd COMPOSIIONS, thc degr
behavior of the blend films was found to be aeder 1o observe the level of compatibility
to those of the pure componcms | Thge ~ 0dPY A 1n as-preparcd B-chitin/PV A
20/80 B-chiin/PVA blend film cxbibe by s e sy 1) o carlicr dried at 60 °C, the films
degradation peak. wuth the 7, valuc bodig eate: ‘ ene glveol which 1s a good sol-

than those of the pure components Th i . ¢ resuling SEM micrographs are
peculiarity wall be the maner for funth vestigahion shown m Fig & arding to Fig 5 cenam level of
Frig 4 illustrates W ANXDY pattems for '['H.II'J.‘ ﬁ chinn, Fhl“ scparation iy -|h: mictromerer scale 15 obvious m

all @ihthe blend compositions studicy

" "" ey The meghaical Flllptl"lll:"\ g of tensile sirenyth

E

-:..I.-r
>

= pu . were determangd

5 k0 um"@ Ay

= \'"“"'---._.__, chinn TV A iu.ml s im.l the resulty are reponcd as o

= /\L/ Py function of f-chitn content i Digs 6 and 7. respedt

1007, wely For pure B-chiun film, the teasle strength and the

! ! percentage of clonganon ai break were Tound 10 be ca

5 15 25 is 51 MPa and 2 Y. respectively This agreed pancularly

2 Theta (Deg) well walt the resuls obtamed by Kim et al J12], wha

reponed that the tensile strenpth and the perecnage ol

Fig 4 WAXD paticrns for pure B-chitin, pure PVA, and a clongation at break tor pure fi-clutin flm, which was sol-

senes of Bachimn PV A blend films ution-casted from s soluvon in fonmie acd, were ca
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B-chitincantent (%a)
Fig & Tensibe suength for purc™ Be-chitin, pure PVA, and 2

sencs of flchmn'PY A bleod_tilms

5.2 MPa and 5%, respechively OF the other hand, PVA
cxhibited a much sofier characier, with ns iensile
strengih and the percemage of clongation al break being
ca. 0.7 MPa and 165.2%. respectively. For f-chiin/™VA
blend films, the wensile strengith was found 1o increase,
with increasing B-chitm comem, from ca. 0.7 10 5 1 MPa,
at the expense of the percemage of elongaton at break,
which was found 10 decrease from ca. 165.2 10 2.9%
Physically, the blend films appeared 1o be more brinle
as fi-chitin conlem increased.

0 b 40 &0 EO 100
p-chitin content (%)

Fig 7 Pédenage of r|oﬁ$lll:ﬂ ' bicak for pure flchitin,
pte FVIAL aid i Sengs alfi Xl WT A blend fuma

313 Swelling behavior

The degree of swelling of pure fi-chitin, pure PVA,
and a senes of f-chninTVA blend films with differem
blend compositions 15 shown in Fig B as a funcnion of
immersion ume an distilled water, For a given blend
compostion, the degree of swelling ncreased with
increasing immersion time. After 8 h of immersion time,
it is interesting to note that the ultimate degree of swell-
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Mg & Dynamic degree of swelling i distilled water for pur
fchutin, pure PVA, and 2 series of fchutn/PVA blend Gl
#s a functon of immersion ume,

ing of pure f-chiin film was greater than
MVA film (i.c., ca. 100% versus ca. 80%) N

£ hours of immersion time of f-chiun/™
was found to inerease from ca. 15 1o ca
chitin content increased from 20 1o &8

for 1PN hydrogel composed of [-chiun a
ramer [ 16].

The equilibrium degree of swelling (afig
ImUmersion llmc} for pure fi-chiun, pure F

degree of S'M:Ili'ng of pur: PVA film was novwdy
than that of pure B-chiin film (1e, ca 190% ¥er
110%). Companison of the results shown i Fig 8%
gesis that pure f-chinn film reached the cquilib
much faster than pure PVA film. For [$=ghitin/

films, the equilibnum degrec of swelk
mncrease from ca. 30 1o ca. 95%, whap
increased from 20 10 80 wa%. This i 17 aco

uhimate degree of swelling afier § h of immersio
observed earhier It 15 rather supnsinghowever, tha
bath the vlumate and equiibnum deprees a‘»sg!hng ol

- AUYING
€ 200 - N . .
= Y
E 1501 "1
§ |
£ 100
‘s
g 50 1
o
E 0 : ' ' '
0 20 40 60 B0 100
Pchitin content (%)
Fig 9 Equibbnum degree of swelling i disulled water for

pure f-chitin, pure PVA, and a senes of f-chin/PVA blend
films.
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the 20/80 P-chitin/PVA blead film were found to be the
lowest among the films studied, despite the high level of
PV A content.

The equilibrium degree of swelling in various media
(i.c., water, NaCl, CaCl,, and FeCl, solutions at the con-
centration of 0.25 M) of pure f-chitin, pure PVA, and a
series of P-chitinPVA blend films was investigated and
the results are shown in Fig. 10. Evidently among of the
media studied, FeCl, solution was the best medium 1o
swell the as-prepared films. According to a known fact
that, when being present in water, fermic jon, Fe'", can
in an hydrated form, e.g., Fe{H;0)" [17], and the
of the hydrated ferric ion can thus be respon-
high degree of swelling of the as-prepared
1 could be further deduced from the results

iy un, p-chitinPVA blend films were
ionscasting from so!mlnns of fi-chmn
rated formic acid ai’vanous compo-
ie. cffect of blend composiions on
. thermal propenies, mechanical
slogy, and swelling behavior was
resulis were compared with those of
ponefits. DSC measurements showed that the
tion temperatures of the blend films increased
seasing f-chitin coment, while melung tempera-
1o shift 10 a lower wemperare. Thermal
d filins was found to be inermediate
gidponents, WAXD panems indi-
iclapparem degree of crystallinny
asing PVA coment. Surface mor-
- of cthylen j alycol-ciched [i-chinn™VA blend

filims suppested that 2 cenamn level of phasc scparation
n agcrometer scale was found far blend filins of all

T —

(R |

Wﬂ?ﬂﬂqﬂﬂ *
R B

l*'

2,'.‘;1;“

Degr oo

-

0 0 40 &0 RO 5]
pchitin content (%)

g 10 Equilibaium degree of swelling m vanuus media for
pure f-chitin, pure PVA, and a series of f-chunn/PVA blend
films. Keys (#) water, () NaCl, (A) Cally, and (O) FeCl,
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blend compasitions. The tensile swength of the blend
films was found 1o increase, with increasing f~chitin con-
tent, from ca. 0.7 to 5.1 MPa, at the expense of the per-
cemage of clongation at break which was found 10
decrease from ca. 1652 to  2.9%. The equilibnum
degrees of swelling in distilled water of B-chiin/PVA
blend films of all blend compositions were found to be
lower than those of the pure constituents, with that of
the 20/80 B-chitin/PVA blend film being the lowest
Lastly, 0.25 M FeCl; solwtion, among the vanous swell-
ing media investigaied, was the best 10 swell most of lhc
films studied.
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Summary
Crosslinked chitosan/silk prepared by solution casting
technique using glutaraldehyde as a g?..__.._*_ MeDrug-released characteristics of the
blend films with various-Blénd " e 5 Fheophylline, diclofenac

. =S AY |

sodium, amoxicillin trihydedic s sed asimodel drugs. The release
! iy

studies were done at 37°C in but“fer solutions pH d pH 5.5 and pH 7.2. It was found that

—— w@w@mm (TITLY T -

released at pH 2.0 f‘m all types of drugs. This result comsponded to swelling ability of the
blend ﬁlmﬂleaniﬂyjmumag mﬂl::ll a lﬂdmg—lﬂaded
blend films were obtained at this pH and this blend composition. The amounts v drugs
released from the films with 80% chitosan content from the highest to the lowest values
obtained in the following sequence: salicylic acid = theophylline > diclofenac sodium >
amoxicillin. This could be due to the effects of molecular sizes of drugs, solubility of

drugs in the blend solutions and interaction between drugs and polymer matrix.



Keyword: chitosan; drug delivery system; silk fibroin

Introduction
A drug delivery system may be a matrix of polymer incorporating a drug. Poiymeric

drug carrier systems have several advantages in optimizing patient treatment regimes. In

particular, swelling-controlled release dystems able of delivering drugs at constant
rates over an extended period ofstime. ’ : the rate of drug delivery is

| —

controlled by the balance OILACIOsSS a concentration gradient,

the polymer relaxation r imbibes water, and the
0sMoLic pressure occurri rmore, a binary polymer

matnx constituted of two g v \ aacter s another possibility

for controlling the degree \ solute ditfusion rate from the
matrix. \

Chitosan, poly[f- [1-4} iz sdeoxy-D-glucose], 15 an
aminopolysacchande ye V. itosan 15 one of a few
natural cationic ]'Kll}'{.‘ll.'l. oy ;' n a hydrogel, which is a
iy

three-dimensional crosslinh ud pulymmc rnmenal with the ability to absorb significant

amount of water, ﬂoﬂn&f 63: Wﬂ%ﬁw %ﬁ‘%’ due to the positive

charges on the netwlrk and response 1o Qumgc in pH uf medium. Duc to the benefits of
being nathW’]:@:ﬁbﬂaﬁ mw’%@mﬁq@ %Jnn excellent
material for dn.u, preparation. It has been studied as a unique vehicle for the sustained
dehivery of drug. For example, it was investigated for the delivery of drugs such as
pra.:.d|1|':il:-h‘.n'u:''i and diclofenac sodium"™’. There have been many studies on the blends of

chitosan with various kinds of pD]}"lTl'BIS{]J] in order to obtain some improved properties. It
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is worth to investigate drug release properties of these chitosan-based blends in order to
develop more efficient drug delivery devices.

Silk fibroin is a fibrous protein that is composed of 17 amino acids and its main
components are nonpolar ones such as glycine, alanine, and serine. Silk fibroin can exist

in two general conformations, random coil and B-sheet form. The conformation transition

coil to P-sheet structure by
sulvcnts[ "I This transition
Wwith a B-sheet structure is
resistant to water and has gnov " i oin is considered to be an
interesting starting material for ¢ -  j ] |m':s for biotechnological

and hiomedical utilization. It h

\ film has good oxveen

[|!]

permeability in wet state wi s/ P a Yap plications of silk fibroin as

wound dressing and artificial ski can be utilized as surgical

sutures''* and biocompatible devices _ ;g;g a0 1;*: foreleasel”]. However, silk fibroin

abuses e sgyercome this limitation,

AX J

silk fibroin has been reparted u;;}i polymers. such as

in dry state 1s very brittle ag

!

pulyauylalmdﬁ“ﬂ and ]::nt'_ltl1.«[*!.*:::},",:ilc:-:‘.uhul]'J “ or na!wl polymers, such as cellulose!"*) and

sodium alginate!'™], ﬂ 1“0&] .%%cﬂ% ﬁywlﬁjﬂrﬂ ?mung these, the

blend of silk fibroin an?chimsan has been inferesting. i has been ‘ggported  that
chitosan mufaqnmcqglﬁntmuﬂmglallnﬂﬂ'ﬁoﬂml to B-
sheet structure!'” and a polymer blend of these biopolymers could also form a hydrogel
having a semi-interpenetrating polymer network by using glutaraldehyde as a crosslinking
agent "1

This research is a preliminary study on using crosslinked chitosan/silk fibroin blend

film as a matrix for drug delivery system. The model drugs used were theophylline,
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diclofenac sodium, ameoxicillin trihydrate, and salicylic acid. The effects of blend
composition, drug nature, swelling time, degree of crosslinking, and pH of the external

swelling media on drugs released from the blend films were investigated.

Experimental Part

Materials

Shrimp shell was kindly

@Public Co., Ltd., Thailand.

o —

Silk fiber (Bombyx mori) was deg ant Withw3% Na,CO; at 100°C for 30

min, followed by washing ed silk was dried at

60°C for 24 h in an oven. Aft€ - in triad solvent CaCls;

EtOH: H-0O with mole ratio 0] '

dialyzed against distilled water fog

07

silk solution was then
glass filter and subsequently diluted 3@ ach#ge

» lercd through the sintered

SGiads < 4]
Theophylline was purchased frof i@t Wandai  Pharmaceuticals, China.
al) Industry Co., Lud..

i ._...
-
AY |

China.  Salicylic acid was v astralia. - Amoxicillin

Diclofenac sodium was purchs

I i

trihydrate was purchased from 9mtbmucs Co.. Lid.. Spam The chemical structures of

these model drugs aﬁwag% E]W'I ﬁeW%’é}ﬂﬁalwnh were of

analytical grade and we“ used without furthep punf’calmn

ARIANN I UNIINYAY

Preparation of Chltin

Chitin was prepared from shrimp shell by decalcification and deprotenization to
remove calcium carbonate and protein, respectively. The shrimp shell was cleaned and
dried under sunlight before grinding into small pieces. The shrimp shell chips were treated

by immersing in 1 N HCI solution for 2 days with occasional stirring. The decalcified
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product was washed with distilled water until neutral. Deprotenization was followed by
boiling in 4 wt.-% of NaOH solution at 80-90°C for 4 h. After NaOH solution was
decanted, the chips were washed with deionized water until neutral. The product obtained

was dried at 60°C in a convective oven for 24 h.

Preparation of Chitosan
Chitin was deacetylated bywhea

&% solution with sodium
-ﬂ

horohydnide (NaBHy) 0.5 wt.-% hitin - depolymerization.

The ratio of chitin to NaOH so utig \ 0 ar .’ ‘NaOH solution, The

\\ deacetylated product

cutral.  The resulting

deacetylation was performed 1in ag
abtmed was washed exhausted

chitosan lakes was dried in an ovenfat §0%€ $or 0 '-

Preparation of Chitosan Solution

Glalosan solution was
\ AY |

prepared by dissolution of ¢ fpsairs whd U ution. The chitosan
v ' s

solution was allowed to stand oyemight at room tggperature 1o reduce of air bubbles

e U E TNV THE NG
e ATARAIANBIING A Y

The blend solutions of chitosan and silk fibroin were prepared by mixing various

Chitosan flake was ‘dided 2

ratios of 1 wi.-% of silk fibroin solution and 1 wt.-% of chitosan solution. Glutaraldehyde,
used as crosslinking agent, was added into the blend solutions at the amount of 0.01
mole/glucosamine unit of chitosan. The model drugs (theophylline, diclofenac sodium,

salicylic acid and amoxicillin trihydrate) were added into the blend solutions to achieve a
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concentration of 0.1 wt.-%. The blend solution containing a model drug was stirred slowly
for 12 h and left overnight to get rid of air bubbles before casting onto the clean dry perti
dishes in a dust-free atmosphere at room temperature. The films were allowed to dry at
ambient temperature for 72 h and then stored over silica in a desiccator before use. The
thickness of the films were kept between 25-30 um (measured by Peacock digital thickness

gauge model PDNI12N)

Drug Release Studies

To study the release ch : \ he films, drug-loaded

blend films were immersed in buf pH 7.2 at 37°C. Ata

\\

N amount of drug released.

\ ‘ylic acid released in the

time interval, 1-mL aliquots were

Theophylline, diclofenac sodium,

3

solutions were determined by a UV-\llsiblesfeciroplitmeter

ey

at 272, 275, 272, 299 nm, respcctiv: ;;;-:;";

Perkin Elmer, Lambda 10)
were done in triplicate. The
percentages of released drugswe

of each model drug.

Results and Discussion

Effect of Blend Cum[ﬂ‘ﬁ“&l)% ﬂ'&ﬂ j w El ’] n ‘j

The effect of hIenalcnmposmon on drug release is shgn in Figure Z—Vilk fibroin
contents of 0, a W%b&ﬂd@mulm a@m nﬂiq @ ﬂiy. The
blend films with qsilk fibroin contents higher than 60% were not reported because the films
were brittle and difficult to handle without cracking. It was found that the maximum
release of drug was observed for the blend film with 80% chitosan content for all model
drugs. This could be explained by the term of swelling behavior of the blend films. Table |

shows the degrees of swelling of the drug-loaded blend films of different blend



-

compositions. It was found that the blend film with 80% chitosan content showed the
maximum degree of swelling. It is known that for hydrogel delivery system the releasing
of drug was controlled by swelling behavior of hydrogel. The swelling of carrier increases
the aqueous solvent content within the polymer matrix, enabling the drug to diffuse

through the swollen network into the external environment. Several chitosan-based

hydrogels have been investigated fop @ p olentid! Mipplication as drug delivery devices.

Risbud er al. (2000)® indicated fhat the sicillin from the air-dried and

freeze-dried chitosan/poly(vii related to the degree of

swelling of the hydrogels? ® studied the release of

chlorhexidini acetas and’ r semi-interpenetrating

\"
havdrogel. They found tha ‘ "‘:" \\ \ .

drug released. In this stu Mg o |I|

occurred due to the dissociation £ ¢ ST & \ [k Tibroin chains caused by the

¢ higher the amounts of

broin blend films may be

Effect of pH on Drug Rétéa
Since the swellm of pulynicnc gels can be lnu._. red by a change in the

environmental surﬁl%m w Wﬁﬂmﬂrﬁm from chitosan

and the blend films Was investigated and .Lhc result is shuwn in Figure 1'-:1 Drug release
o QUER AT SR 5 B
highest mnuunts of drugs released from the systems were observed at pH 2.0 for all model
drugs. This is in good agreement with the results of swelling of the films shown in Table
I. It appeared that the highest values of the degrees of swelling were obtained at pH 2.0
and the degrees of swelling of the films tended to decrease as pH of swelling solution was

increased. It can be explained by the fact that in an acidic medium the amino groups of
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chitosan are protonized, resulting that the hydrogen bonds between chitosan and silk
fibroin are broken and the network is dissociated.””) The blend films exhibited lower
degree of swelling in neutral medium. This may be due to the decrease in the nu=~ber of
protonated amino groups of chitosan at this pH. The pK, of chitosan is 6.3-6.5, indicating

that chitosan tends to protonate in acidic solution. Therefore, the degrees of swelling of the

films at pH 7.2 were lower than those of'the | ghagidic solution. Risbud er al. (2000)

[1s]

reported that the degrees of swelling of : pyrrnlidnnc] hydrogels were

me lower in neutral and
\}\& llin from the films was
\\\\\

behavior of the carrier, d : ad with t rosion process. This

W\

high in acidic solutions (pH
alkaline solutions (pH 7.2
found to be maximum at p p controlled by swelling
process is associated with 1 of the device, including

matenal, deformation or

changes in the pysicomechanical ner|

structural disintegration, weight loss, ar 0ss of functions. Table | shows the

weight losses of chitosan ang ¢ n il ifdied. It was found that
\Ye Y

the weight losses of the e - L ’ tpH 5.5 and pH 7.2

I
This indicated that drugs reirgcd b}f erosion procm-a could also B€ occurred in this system.

AU ININTNYINT

Effect of Model Bruﬂl\lature on Drug Rel Ipase

QTR AD IR o

film with Hﬂ% chitosan content is shown in Figure 6-8. The amounts of drugs released
from the blend film with 80% chitosan content were higher than those released from pure
chitosan films for all model drugs. The amounts of salicylic acid released at pH 2.0, pH 5.5
and pH 7.2 from the blend film with 80% chitosan content were 92.7%, 83.4% and /3.5%,

respectively. The amounts of theophylline released at pH 2.0, pH 5.5 and pH 7.2 from the
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blend film with 80% chitosan were 81.1%, 73.6% and 69.0%, respectively. The releasing
amounts of salicylic acid at equilibrium were higher than those of theophylline at all pH
studied. In addition to drug solubility, another factor that can affect the penetration of a
drug from a polymer matrix is the molecular size of drug. The molecule of salicylic acid

(MW = 138.12) was smaller than theophylline (MW = 180.16). Due to the better solubility

and smaller size, salicylic acid could di ix to the medium outside easier

than theophylline. The amounts at pH 2.0, pH 5.5 and pH
7.2 from the blend film with 6%, 66.1% and 65.1%,
respectively. Since diclofen in the blend solutions
and remained in the blend f¥ #amounts of diclofenac
sodium released to the solun eid and theophylline.
Among the model d amounts of amoxicillin
released from the blend films witl e lowest values at all pH
stadied. 11 was found {hat the amount o R #ised at pH 2.0, pH 5.5 and pH 7.2
were 37.2%. 34.0% and 23, 5% ctively, Ridbu ' s also reported that
the releasing of umnxicilli‘ n"r’ olidone) air-dned

hydrogel was rather low, nhmﬂ! 1.68% and 27% at pH 1.0 and ﬂlﬂ, respectively. This

‘a o
may be due to the imﬁﬂ mﬂ merﬂ ﬂh’ix. Amoxicillin

has carboxylic group tHill can interact with nmmu group of chnusan In add;tmn among the

vt s QAR U IINYA Y -

biggest. Acco ngly, the diffusion of amoxicillin through the polymer matrix was low.

Effect of Swelling Time on Drug Release
The release profiles of each model drug in buffer solutions at pH 2.0, 5.5, and 7.2

from the blend films with 80% chitosan content are illustrated in Figure 9-11. It was found
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that the release of theophylline from the blend films with 80% chitosan content was very
fast at all pH studied. Puttipipatkhachorn (2001)*! investigated the drug-polymer
interaction between theophylline and chitosan by FTIR and solid sate “C NMR

spectroscopy. It was concluded that there was no interaction between theophylline and

chitosan. Moreover, the molecular size of theophylline was rather small as compared with
easily penetrate from the blend film

.

| ﬂ\\\\\\ 7.2. It was known that the

vlic group of salicvlic acid

the other model drugs used. Then, t
to the medium.

The release of salic ith 80% chitosan content was

also fast but a little slowes

salicylate formation can o o N

and amino group of chitas

7.2 were faster than at pH 200 dge | ..;.1,1 d \\\~

vhie acid at plt 5.5 and pH

I groups that can imteract with

=y
amino groups of chitosan. Mj
Due to the poor solubility™ sodium in the blend solution. Some

diclofenac sodium remdined L Accordingly, at imitial
L a5 1- *

i

stage, a time was necde . - ‘ s from the blend film to
¥ [|!

the external medium. Th H

oo 0T ey TS presy prege

Since amdiicillin has several Enlar groups, nmiudnu. h}dru“l group, amino

e sGASY P Y ERIRHAD F TR i

between thu.a drug and the polymer matrix can be formed. As a result, the amount of

fnre the release u;l' diclofenac sodum was slower and took

amoxicillin released from the blend films was only about 20-30%.. However the rate of
drug release occurred within 10 minutes. This may be due 1o the sufficient swell of the

blend film resulting in the fast release of unbound drug.
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Effect of Concentration of Crosslinking Agent on Drug Release

The effect of crosslinking agent concentration on drug release from the blend
films is shown in Figure 12. To study the effect of concentration of crosslinking rzent on
drug release, the salicylic acid-loaded blend films with 80% chitosan content containing

glutaraldehyde concentrations of 0.001, 0.01, and 0.5 mole/glucosamine unit were used. It

explained by the term of de tling (Table 2)"Fhegesult revealed that the degree
of swelling of the salic
glutaraldehyde concentratfn. #highs aliribi it the swelling behavior of the crosslink
network, At low concent of crosslinking is low that
mike hydrogel swell ext Y B he -. \ of the network become big
resulting in high penetration”of ¥ ‘u‘_i Tt "-‘;‘ _extefpal environment. On the other

hand. at high concentration of cro stk + the degree of swelling is limited.

Therefore. the mesh siz¢ 8 ork is close ;’ . and the drug i1s more
S —— )

1 m
cntn  GYHINENTHYINT

Drug-relea$¥d characteristics of 9’osslmkcd chitosan and s b]md films with silk

s QDR TR A

acid, dmluﬁ‘:%ac sodium and amoxicillin were used as model drugs. The maximum

difficult to penetrate to t

amounts of drug released were obtained from the blend film with 80% chitosan content.
This corresponded to the highest swelling ability of the blend film with this blend ratio.
The drugs releases were high in acidic medium due to the protonation of the amino groups

on chitosan at acidic pH, resulting in the dissociation of hydrogen bonds between chitosan
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and silk fibroin. The maximum and the minimum releases of model drugs were saliclylic
acid and amoxicillin, respectively. The differences in the rates and the amounts of drug
released from the blend films may be due to the solubility of model drugs in the blend
solutions, the molecular sizes of drug molecules and interaction between drugs and

polymer matrix. Crosslinking is necessary to retain the gel structures after swelling.

However, it will limit swelling abili n the decreasing of the amounts of

drug released. These preliminagy resul ibility of using crosslinked
chitosan/silk fibroin blend filuis er investigations are now
in progress to evaluate a pefeny chitosan/silk fibroin blend

films as a transdermal drug'deli
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Table 1
Weight
_ Degree of Swelling (%)" Weight Loss (%)"
Ratio of
Drug .
Chitosan to H2.0 | pH55 | pH7.2 | pH2.0 | pH55 | pH 72
Silk Fibroin | P < | PR 22 | P2 PRLST T PRS- 4 PR
100:0 840 662 185 3420 | 2427 | 17.60
80:20 1152 199 | 3950 | 27.81 | 24.32
Salicylic acid 60:40 763 3520 | 2421 | 1540
50:50 65 8.10 | 2004 | 1420
40:60 71 - 70 | 19.86 | 13.80
100:0 8 | 1998 | 17.73
80:20 2724 | 18.67
Amoxicillin 60:40 30 | 2075 | 18.25
50:50 33 434 9. 1850 | 19.10
40:60 5 N 0 17.63 17.9%
100:0 ' 43 | 3007 | 28.60
80:20 = 3785 | 3508 | 28.80
Diclofenac 2= el
60:40 783 | 3 3053 | 30,01 | 2340
sodium / A
50:50 9 28.56 | 20.60
40:60 20,01 | 17.50
100:0 3554 | 26.14
20:20 376 325 175 40.05 37.75 7.2
_ | € o Iy
Theophylline gm_ﬂ% 1 . q:.ﬂ 23.44
0 30 2 1517 #33R2 1 Bew7 | 2050 |
: 3(). S "ANTEE

" the average vaaue from three experiments

T —



Table 2

Degree of Swelling (%)" Weight Loss (%)"
Glutaraldehyde concentration Glutaraldehyde concentration
pH (mole/glucosamine unit) (mole/glucosamine unit)
0.001 0.01 0.05 0.001 0.01 0.05
2.0 1453 1152 825 4221 39.50 32.13
55 1213 974 ' ; 27.81 22.81
7.2 320 2432 19.25

“ the average value from three
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PREPARATION AND CHARACTERIZATION OF CM-CHITIN/PVA
BLEND FILMS

Ratana Rujiravanit*’, Kamonrat Kuratchatchaval®, Alexander M. Jamieson®, and Seiichi
Tokura®

“The Petroleum and Petrochemical College, Chulalongkorn University, Bangkok 10330,
Thailand

®Department of Macromolecular

‘Faculty of Engineering,
—
Keywords: CM-chtin, Poly(vinylaile

INTRODUCTION

Carboxymethyl-chitin ¢ ivative of chitin. Poly(vinyl
alcohol) (PVA) is a noilo vateg-soluble 's; e polymer. In this study, CM-
chitin/PVA blend films wes€ ngépdred by-va ‘_ 4 l' end compositions of CM-chitin and
PVA. The effect of blend cogipagitioi, pH 2 the degree of swelling of the
blend films were investigatgfl.

EXPERIMENTAL
The blend films of PVA anc ) fepared by mixing various ratios of 1%
by weight of PVA solution and 1% by weij CM-chitin solution. For crosslinked

‘added into the solution to achieve the

CM-chitin/PVA blend films, gmumdd%ycﬁ,
plagtic plates. The films were

concentration of ﬂﬂl%u&fﬂﬂ casting onto the cle:

allowed to dry at 40°C in =i oven for 24 h.

The blend films were cut into the disk r of 16 mm and 25-30 pm in
thickness. The weights of the complcxcly dned samp!u measured, and the samples
were dipped into a vial filled with different pH buffer solutions and different salt

rapese. Thed mmmmm‘m Ve s
27878

The cﬂ‘acﬂuf pH on thr. dc.gr:t nf swclhng of CM-chitin/PVA blend films with
various blend compositions is shown in Figure 1. The degrees of swelling of PVA films
were rather constant for the whole pH range from pH 3 to 11 due to pH stability of PVA.
On the other hand, the degree of swelling of CM-chitin films and the blend films
increased substantially in both acidic and alkaline pH ranges. The pK, of the
carboxymethyl group and amino group are 3.4 and 6.4, respectively [1]. The reason to
explain the effect of pH on the degree of swelling of CM-chitin films and the blend films
is that in acidic pH solutions, the amine groups of CM-chitin are ionized leading to the
dissociation of the adjacent chains [2). For alkaline pH solutions, the effect of pH on the
degree of swelling of CM-chitin films increased because of the presence of the
carboxymethyl groups that are ionizable functional groups of CM-chitin. It could say that
the CM-chitin/PV A blend films showed the pH sensitive property.
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3 ——CM-chitin Figure 1
£ —e—80% CM-chitin Degree of swelling of CM-
3 [ —+—60% CM-chiin chitin/PVA blend films with
s & ~—O—50%CM-chitin addition of 0.01% glutaraldehyde
§ <ir—40% CM-chitia as a function of pH.
3 45 67 8 9 101 —TWECdchkia
pH ——PVA
Effect of Salt welli i d

The degrees of swelling of pure 2 d films in various types of salt solutions
are shown in Figure 2. It was found tha ‘ solutions, the degrees of swelling of
the blend films increased as Ch-chitin coni sed, especially, when CM-chitin

content were higher than MWu‘,.ﬁlc mostifitieases in degree of swelling of the
films were obtained for the fillsamiicrsed in monovs il salt solutions (NaCl and LiCl).

For CaCl, solution, Tokura ap 83) found lhat CM-chitin can bind calcium

ions even in the presenc piopoyalent ‘cat 1], Watan:

reported that the additiong®

formation. This indicated
For PVA films and the s with-€M-chitin

different salt types on the chafigg gree of ing of the blend films was very small.

From Figure 2, it was obsefved thiat pure PVA films had the lowest degree of swelling,

By the addition of CM-chiti filis :

soutions could be enhanced.

1) -chlo id &iqm CM-chitin solution induces gel
can 4lso bi dwmﬁ;’* [3].

- Figure 2
“8—N:Q  Effect of salt type on degree
W e Y of swelling of chiin/PVA
=" hlend films with the addition
: i — of 0.01% glutaraldehyde
. function of CM-chitin
content.

Degree of swelling (%)
- 2288888
L/

M Sﬂﬁ' &

CONCLUSION ﬂ‘ﬁm‘w EJ m i w EJ f] ﬂ j

T'hc blend com smons of CM-c EMPUA blend films had a large effect on the

o R T g e b

films had pH4and salt-responsive properties.

ACKNOWLEDGEMENT
This work was supported by grants from the THAILAND RESEARCH FUND.

REFERENCES

[1] S. Tokura, N. Nishi, A. Tsutsumi & O. Somorin, Polymer Journal, 15, 485-
491(1983).

[2] JH. Kim, J.Y. Kim, Y.M. Lee & K.Y. Kim, Journal of Applied Polymer Science,
45,1711-1717 (1992).

[3] K. Watanabe, I. Saiki, Y. Matsumoto & 1. Azuma, Carbohydrate Polymer, 17, 29-
37(1992).



=)
1 g X
&y
G4 s
g
mﬁ
£} g5l el
L@ A
=
(EF—
%o

Edited by
K. Suchiva




r.

1N

ADVANCES IN
CHITINSSEIEEEE

Vol V

Proceedings of the 5th Asia Pacific Chitin
and Chitosan Symposium & Exhibition,
Bangkok, Thailand,March 13-15, 2002

Committee

Organizing Co

K. Suchiva ; irasilp
P. Methacanon
M. Apisitamornkul

P. Buranawattana ; -‘ 1__- _' “S.Roolsup

A
\

ontanikorn

N. Dantragoon ke </ i8SSapyaprapa
N. Fongsmut (- W . Stevehs
J. Paitoon T f‘.‘.
P. Panpamprechmudm W. Weers ﬂ asuk

ﬂuﬂqwﬂwfm%ﬁﬁ?““b

Scnentn’n: gommlttee

S. Chandrkrachang M. Prasitsilp

S. Chirachanchai S. Srikumlaithong
G.M. Hall S. Tokura
A. Kungsuwan P. Wanichpongpan

H.J. Park




r

T

r
s

DRUG-RELEASED CHARACTERISTICS OF CROSS-LINKED
CHITOSAN/SILK FIBROIN BLEND FILMS

Sopon Kruavkitanon', Ratana Rujiravanit', Alexandra M. Jameison® and
Seiichi Tokura®

"The Petroleum and Petrochemical College, Chulalongkorn University, Bangkok, Thailand
?Department of Macromolecular Science, Case Western Reserve University,
Cleveland, Ohio, USA
*Faculty of Engineering, Kansai University, Osaka, Japan

Crosslinked chitosan/silk fibroin

\\' yere prepared by solution casting
technique using glutaraldehyde as a Ing rug-released characteristics of the

blend films with various blend Gmbns Werc-iivestigated. Theophylline, diclofenac
sodium, amoxicillin trihydrate and*€aliey id we vas model drugs. The release
studies were carried out at 37°C : pH 20, pH 5.5 and pH 7.2. It was
found that the blend films with 80%Chif ent s ed the maximum amounts of
model drugs released at pH 24 “This résult corresponded to swelling
ability of the blend films. From imiun degrees of swelling of the

¥ g his 9 d\ihis blend composition. The
amounts of drugs relcased fromfthg 8  content from the highest to
the lowest values obtained in the following sei : salicylic acid > theophylline>
diclofenac sodium > amoxicillind ‘ effects of molecular sizes of

drugs, solubility of drugs in the blenc s@ﬁﬁns% ction between drugs and polymer
i -

ABSTRACT

i

matrix.

INTRODUCTION e

Nowadays, natural poly@igrs ¢ C
and more important for lheil:lich'- SOUTC | ost7 Especially, they are useful
materials in biomedical areas due to their non-toxi€ity, biodegradability, and
biocompatibility. Silk fibroin isfadibrous proteinathat is composed of 17 amino acids and

; P ‘
its main components ﬁ 0 ﬁ@ﬁﬂﬂﬁ%%ﬁ’ilﬂ? and serine [1]. Silk
fibroin can exist in wey gencral ConforMations, rand oil"and f-sheet form. The

accharide have become more

ALAE

conformation transition of silk fibroin cantbe induced g, be changed dpom random coil to

e AR AN RO AR e
(2]. This transition makes sil roin a ti s a biomateridl because silk fibroin with a

B-sheet structure is resistant to water and has good mechanical properties [3]. Silk fibroin
is considered to be an interesting starting material for developing new materials and
devices for biotechnological and biomedical utilizations. It has been reported that silk
fibroin film has good oxygen permeability in wet state, which suggests promising
applications of silk fibroin as a wound dressing and artificial skin. In addition, silk fibroin
can be utilized as surgical sutures [4], biocompatible devices with controlled drug release
[5] and bone binding functions [6]. However, silk fibroin in dry state is very brittle and
unsuitable for practical uses [7]. To overcome this limitation, silk fibroin has been
reported to be blended with other synthetic polymers, such as polyacrylamide [8] and poly
(vinyl alcohol) [9], or natural polymers, such as cellulose [7] and sodium alginate [10], to
improve mechanical and physical properties. _

Chitosan is an aminopolysaccharide derived from chitin via deacetylation by alkali

hydrolysis. It is a copolymer consisting of (1—4)-linked 2-acetamido-D-glucose unit and



B(1—4)-linked 2-amino-D-glucose unit with the latter usually greater than 75%. Chitosan :
is one of a few natural cationic polyelectrolytes. It is known that chitosan can form a
hydrogel, which is a three-dimensional crosslinked polymeric material with the ability to '
absorb significant amount of water. Crosslinked chitosan hydrogels can swell extensively
due to the positive charges on the network and response to changes in pH of medium. Due
to the benefits of being non-toxic, biocompatible and biodegradable, chitosan is known to °
be an ex:cellent material for drug preparation. It has been studied as a unique vehicle for
the sustained delivery of drug. For example, it was investigated for the delivery of drugs
such as prednisolone [12] and diclofenac sodium (13]. Furthermore, it has been reported
that chitosan could induce a conformational transiticn of silk fibroin from random coil to

[3-sheet structure [3] and a polymer blend ofithgsg biopolymers could also form a hydrogel

agent [14]. Up to now, there are no,
film as drug delivery device. Th
chitosan/silk fibroin blend film as_a.matri
used were theophylline, diclofenag
effects of blend composition;

media on model drugs releasedgff

et sslinked chitosan/silk fibroin blend
miihary study on using cross-linked

. trihydrate, and salicylic acid. The
ing,~and"pHs of the external swelling

EXPERIMENTAL
Materials LA ’

Shrimp shell was kindly $ropid * bg ph fopd Public Co., Lid. Silk fiber
(Bombyx mori) was degummed réatmet A 1 0.5% Na,CO; at 100°C for 30 min,
followed by washing with boiling istiéd wate degummed silk was dried at 60°C
for 24 h in an oven. Afterwards, théfrr : as dissolved in triad solvent CaCls;
EtOH: H,O with mole ratio of 1:2:87L:300 min. The silk solution was then

glass filter and subsequently

Preparation of chitin D ' ﬂ

Chitin was prepared fromi shrimp shell by decalcification and deprotenization to
remove calcium carbonate andepsatein, respectively. The shrimp shell was cleaned and
dried under sunlight bé rﬁﬂa mﬁ:ﬁw ﬂmhcll chips were treated
by immersing in 1 N tion for 2 s Quith! decasional Stirring. The decalcified
product was washed with distilled water gntil neutral, Deprotenizagign was followed by

boiling in 4% ﬂ;ﬁwﬁlﬂmm.ﬂﬁqﬂj y‘rﬂml Na@H solution was
decanted, the chi re h 1 ” aterfunti tral® product obtained
was dried at 60°C for 24 h.
Preparation of chitosan

Chitin was deacetylated by heating in NaOH 50% w/w solution with sodium
borohydride (NaBH4) 0.5% w/w based on the weight of chitin to prevent depolymerization.
The ratio of chitin to NaOH solution was 1 g of chitin in 10 ml of NaOH solution. The
deacetylation was performed in an autoclave at 110°C for | h. The deacetylated product
obtained was washed exhaustedly with deionized water until neutral. The resulting
chitosan flakes was dried in an oven at 60°C for 24 h.
Preparation of Chitosan Solution

Chitosan flake was dried at 110°C for |1 h before use. Chitosan solution was prepared
by dissolution of chitosan in 1% w/w of acetic acid solution. The chitosan solution was
allowed to stand overnight at room temperature to reduce of air bubbles before preparation
of films. 679



F r
Preparation of crosslinked dmg-faadedr}h’end Silms. |
The blend solutions of chitosan and silk fibroin were prepared by mixing various ratios
of 1% by weight of silk fibroin solution and 1% by weight of chitosan solution.
Glutaraldehyde, used as crosslinking agent, was added into the blend solutions at the
amount of 0.01 mole/glucosamine unit of chitosan. The model drugs (theophylline,
diclofenac sodium, salicylic acid and amoxicillin trihydrate) were added into the blend
solutions to achieve a concentration of 0.1% w/w. The blend solution containing a model
drug was stirred slowly for 12 h and left overnight to get rid of air bubbles before casting
onto the clean dry perti dishes in a dust-free atmosphere at room temperature. The films
were allowed to dry at ambient temperature for 72 h and then stored over silica in a
desiccator before use.
Drug Release Studies
To study the release characteristics of the medel drugs from the films, drug-loaded
blend films were immersed in buffer solutions 2 .
interval, 1-mL aliquots were withdrawn sayedsfor the amount of drug released.
Theophylline, diclofenac sndiu" in tritydeale and salicylic acid released in the
1 eciropholometer (Perkin Elmer, Lambda
-fiments were done in triplicate.
ration curves.

10) at 272, 275, 272, and 29
The percentages of released dr

RESULTS AND DISCUSSION . v

Effect of blend composition on dgig el d&cf{,'l Y 3
The cffect of blend compdSitin fon driig telea shewn in Figure 1. Silk fibroin
contents of 0, 20, 40, 50 and 60% infdrupg-loaded ble ims were used in this study. The
igher: verc not reported because the films

were brittle and difficult to handfe Without « . 1t was found that the maximum
release of drug was observed for the. -'*_ i) 180% chitosan content for all types of
model drugs. This could be explained welii
It was found that the blend fils: U scntshowed the maximum degree of
swelling (Table 1). PeppaS<éeral. [15] su vdrogel delivery system was
controlled by swelling behavio hydrogel. Risbud e ‘
of amoxicillin from the air—c‘l‘ricd and freeze-dried chitosan/poly(vinyl pyrrolidone)

hydrogels was related tegthe I s_Furthermore, Yao ef al.
[17,18] studied the relﬁeﬂﬁn ﬁgj t ﬁgﬂnﬁﬁjﬁm chitosan/polyether
semi-interpenetrating hydrogel. They found that the higher degrees of swelling, the higher
amounts of drug.re . Lhen ed.t ¢ maxum ree of swelling
of the blend ﬁm ﬁﬂé&ﬁ% ‘ ﬁ%ﬁ@l%]@% ith 80% chitosan
content. The swélling of chitosan/silk fibroin blend films may be occurred due to _thc
dissociation between chitosan and silk fibroin chains caused by the protonation of amino
groups of chitosan. However, the lower amounts of released drug were obtained when silk
fibroin content in the drug-loaded blend films was increased. Suesat er al. [19] reported
that there was no change in the degree of swelling of pure silk fibroin film immcfsrcd in
buffer solutions for the whole pH range from pH 3 to pH 11. Therefore, swelling ability of
the blend films depended on the amounts of chitosan content in the blend films.

Effect of pH on drug release
The effect of pH on drug released from chitosan and blend fi

Drug release profile was studied at pH 2.0, pH 5.5 and pH 7.2.
amount of drug released from the systems was highest at pH 2.0
drugs. This is in good agreement with the result of swelling as s
appeared that the degree of swelling was the highest at pH 2.0 and ten

680

Ims is shown in Figure 1.
It was found that the
for all types of: model
hown in Table 1. It
ded to decrease when
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pH of swelling solution was increased. This result corresponded to the previous works
[14,19], which also reported that the degree of swelling of the crosslinked chitosan/silk
fibroin blend films was maximum at pH 2.0 and decreased when pH of the swelling
solution was increased. It can be explained by the fact that in an acidic medium the aming
groups of chitosan were protonized, resulting that the hydrogen bonds between chitosan
and silk fibroin were broken and the network was dissociated [14). The blend films
exhibited lower degree of swelling when pH was higher than 5. This may be due to the
number of protonated amino groups of chitosan become lower at neutral and alkaline pH.
The pK, of chitosan is 6.3-6.5, which indicates that chitosan tends to protonate in acidic
solution®. Therefore, the degree of swelling of the blend films in alkaline solution was
very low as compared to that of the blend films in acidic solution. Risbud er al. [16)
reported that the degrees of swelling of ly(vinyl pyrrolidone) hydrogels were

lilosa
high in acidic solutions ( pH 1.0, p @(&T .0) and became lower in neutral and
alkaline solutions ( pH 7.2 and 9.2).

of amoxicillin was found to be
maximum at pH 1.0.  Besides Se g n trolled by swelling condition of
the carrier, drug release may be ithth

osion process. This process is
associated with macroscopic cl of the device, changes in the
pysicomechanical propertie ;' deformation or structural
disintegration, weight loss, a 1s [21]. Table 1 shows the
weight loss of chitosan and ble e weight loss of the films was
highest at pH 2. This indical process coulg be occurred in
this system.

Effect of drug types on drug
The effect of drug molecul in Figure 2. The releases of

model drugs, theophylline, salicyli ac.; 3 iciof Aag,sodium and amoxicillin, were studied

gave lhc hlghest amount of releascdw ;
2.0,pH 5.5 and pH 7.2 from Blefd ﬁlm Wlth B

from lhe blend ﬁirn with 80¢ i and 69. G% respectively. The
maximum amount of n‘:lcasm sallcyluc acid at cqu:hbn was higher than that of
theophylline. One factor that cag affect the penetgation of a drug from a polymer matrix is
the molecular size Gfﬁdﬁmﬂjﬂ;ﬁ mﬂﬁtm 138.12) was smaller
than theophylline (M o ﬁc acid from the matrix
was easier than theophyHine. Diclofenac godium released at pH 2.Q, pH 5.5 and pH 7.2

fom e Vool V) S ST TS ﬁﬁi‘l e, o of

theophylline and Eahcylm acid because diclofenac sodium did not dissolve in the blend
solutions and appeared in the blend films as solid particles. Therefore, the diffusion of
diclofenac sodium to the solution took longer time than salicylic acid and theophylline.

Among the drugs investigated in this study, the amounts of amoxicillin released from
the blend films was the least values for all pH studied. It was found that the amount of
amoxicillin released at pH 2.0, pH 5.5 and pH 7.2 were 37.2%, 34.0% and 23.5%,
respectively. This may be due to the interaction between the drug molecule and polymer
matrix. Risbud er al. [16] reported the amoxicillin released from crosslinked chitosan-poly
(vinyl pyrrolidone) air-dried hydrogel was about 31.68% and 27% at pH 1.0 and pH 2.0,
respectively. They explained that the low amounts of drug released might be due to non-
porous nature of the air-dried films.

681
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CONCLUSION

Drug -released characteristics from crosslinked chitosan and its blend films with silk
fibroin by using glutaraldehyde as a crosslinking agent was studied. Theophylline,
salicylic acid, diclofenac sodium and amoxicillin were used as model drugs. The amount
of drug released from the blend film with 80% chitosan content was the highest value
corresponding to the highest swelling ability of the blend film with this blend ratio. The
drug released in acidic pH media was higher than neutral or alkaline pH media because the
protonation of the amino groups on chitosan at acidic pH resulting in the dissociation of
hydrogen bond between chitosan and silk fibroin network. The maximum and the
minimum of released drug were saliclylic acid and amoxicillin, respectively. The
difference in the amounts of drug released may be due to the effect of the molecular size of

drug molecules and interaction betwe § and polymer matrix. Finally, theophylline
‘ . f interaction between theophylline and

-\

was the fastest release because n

chitosan was observed. § - //
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Figure 2 Comparison of the amounts of drugs released from chitosan and the blend film with 80%
chitosan at (a) pH 2.0, (b) pH 5.5 and (c) pH 7.2. SAL= salicylic acid; THEO =theophylline; DFS =
diclafenac sodium; and AMX = amoxicillin.
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Table 1 Degree of swelling and % weight loss of drug- loaded crosslinked chitosan and blend l"lms

Wei ght Ratio of Degree of Swelling (%)" Weight Loss (%) I
Drug Chitosan to Silk
Fibroin pH2 | pHSS | pH72 | pH2 | pHSS | pH7.2
1000 | 840 662 185 | 3420 | 2427 | 1760
Salicylic acid 80 : 20 sz | 199 | 39.50 | 27.81 | 2432
60 - 40 763 535 | 179 | 3520 | 2421 | 154
50:50 539 495 173 28.10 | 2004 | 142
' 1986 | 138
1998 | 17.73
2724 | 18.67
Amoxicillin lm = . 2075 | 18.25
A/,y“k“\\\ . 1850 | 19.10
/ ﬂl\\w‘ |18 17.63 17.98
7769 e 3. 3007 | 286
| 35418 28.8
Diclofenac 30.01 234
sodium
2856 | 206
2001 | 175
3554 | 26.14
3775 | 27.22
3223 | 23.44
Theophylline 2887 | 205
- , 25.34 18.7

‘“”"‘““"“““W Wﬂmwmm
ARIAN TN INYAE
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PREPARATION AND CHARACTERIZATION OF CM-CHITIN/SILK
FIBROIN BLEND FILMS

Krittiya Meanjai', Ratana Rujiravanit' and Seiichi Tokura®

'"The Petroleum and Petrochemical College, Chulalongkorn University,
Bangkok 10330, Thailand
?Faculty of Engineering, Kansai University, Osaka 564-8680, Japan
E-mail: ratana.r@chula.ac.th

ABSTRACT
Films of CM-chitin and silk fibroin were/prepared with various ratios of CM-chitin to
sill-: ﬁbmin, wilh and wilhout glutardlde 4§ afcposs-linking agent. The effects of the
. and agent on swelling behavior of the
blend films were studied. Thw s and pm,nf the blends were characterized

by FT-IR, X-ray diffraction, Wd thermogravimetric analysis.

£ 17 amino acids. The highly
serine [1]. The sum of these
total amino acid cpmiposition. The
acid composition contains many —
d in the form of powder, gel and
ated salt solution, or liquid silk
pin fias become more important because

y and good biological compatibility. It
finological and biomedical fields. For
hfoin as enzyme substrate (o
, BpH &nd temperature changes [2].
Silk fibroin has been studi bi 5 such as surgical sutures [3],
wound covering materials [4}, wound-repairing, inding function [5]. However,
silk fibroin is very brittle and gi st unsuitableyfor practical use in the dry state [6]. Some
inferior physical and ﬁﬂ‘ﬁag nﬂw n’mﬁancs can be improved by
blending with othe Qﬁ ﬁlﬁﬂ ater® absorption, mechanical
properties, and therma! stability of silkgfibroin films were improye d by blending with
sodium algina qal)hr eparation of films
with excc]lcnﬂ ic lﬂw ﬂ mlmmﬁﬂﬂﬂ ﬂ hliuwed increased
permeability to fleutral salts [9].

Chitin is a natural abundant polysaccharide that is widely distributed in crustaceans,
insects, mushrooms and in the cell walls of bacteria. Chitin consists of 2-acetamido-2-
deoxy-D-glucose through a B (1— 4) linkage. Chitin has become attractive because of its
rich resources and some interesting properties such as biocompatibility, biodegradability
and non-toxicity. Chitin has been found to be useful as a biodegradable pharmaceutical
carrier [10], a blood anticoagulant [11], and a wound-healing accelerator [12]. Chitin has
also proved to be a highly effective antigen [13]. However, chitin has a limitation. It is
know that chitin is insoluble in most common solvents except for strong acids such as
methanesulfonic, sulfuric and formic acids. The insolubility of chitin has been suggested to
be due to its rigid crystalline structure through intra-and inter-molecular hydrogen bonds
[14]. This property can be improved by chemical modification of chitin. Chitin could be
modified by introducing carboxymethyl groups to enhance its solubility in water.

INTRODUCTION
Silk fibroin is a fibro

repelitive amino acids is g
primary structure arising fronyfthi
(-Gly-Ala-),- repeating unit.”Si
film from either silk fiber, afi

of it properties, such as non-toxicity, Giode;
has been investigated for biomaterials” in

example, the glucose sqn,};:r prepared
immobilize glucose oxydasezstiowed g




Carboxymethyl-chitin (CM-chitin) is a water soluble chitin derivative. CM-chitin is
soluble not only in acidic media but at any pH. CM-chitin has been investigated as
polymeric drug [15], wound healing [16], cosmetic ingredients for hair and skin cares [17],
and chelating agent [18). However, silk fibroin and CM-chitin blend films still have not
been investigated. In this study the effect of blend compositions on physical properties, as

well as swelling behavior, of the blend films were investigated.

EXPERIMENTAL

Materials: Shrimp shell was kindly supplied from Surapol Food Public Co., Ltd. Chitin
was prepared by the method of Shimahara and Takigushi [19]. The degree of deacetylation
of chitin, determined by infrared spcc[mscuplf‘ measurement accard:ng to the method of

Sannan er al. [20], was 31.30%. Chi ' Eﬂwdered to size in the range of 71-75 um

before use.
Preparation of CM-chitin:
Alkaline chitin was prepared. By SU
the suspension was allowed e

was added and the mixture

it red by the method of Hirano [21].
i ndl.lg pﬁﬁhmn in 42% NaOH solution. After
nder reduced pressure, crushed ice
r. 30 min in an ice bath to dissolve

chitin. A viscous alkaline chisifi s6 a5 obtained, For successful synthesis of CM-
chitin, the concentration sotution shouls s than 14%. Monochloroacetic
acid solution was prepared v n 14% Na solution in an ice bath and was

ng over 30 mim. After standing
lized with acetic acid under cnu'lmg

added dropwise into the &
overnight at room lemperal

in an ice bath and dialyzed aglinSturimg. or 2 days, followed by dialysis against
distilled water for | day. di ‘Avas’een ged at 5000 rpm for 20 min, in order to
remove insoluble material, and §8u as added to 3 volumes of acetone. Afier
standing overnight, the precipitdte ed by centrifugation and washed with
acetone. The product was rtsuspeﬁdéaf-’ “and collected by filtration. Afier drying

degree of substitution of CM-

al room temperature, C‘Ms
“Imer PE2400 Series I1). The

chitin was 0.44 as estimdT n
viscosity average molecular weight of € . x 10°,
Preparation of silk fibrowd solution: Raw silk ﬁber (Bombyx mori) was degummed by
heating in 0.5% Na,CO; soldtian at 100°C fon h followed by washing with boiling water

and drying at ﬁ{]" ryg; mﬂ ﬂ% Wﬂﬂj ﬁ 6 g was then dissolved in
94 p of 1:2:8 by m Cl: 1,0 solv N 00°C for 15 min [22] The

resulting silk ﬁl::-lum solution was filteféd through uae sintered glags filter and -:ubs-.quu.nti:-,

s Oy PR A & V1) [GpBjotion st

Preparation of blend films: The blend films of silk fibroin and CM-chitin were prepared by
mixing various ratios of 1% by weight of silk fibroin solution and 1% by weight of CM-
chitin solution. The blend solution was stirred slowly for 12 h and left overnight to get rid
of air bubbles before casting onto the clean dry petri dishes in a dust-free atmosphere at
room temperature. For the crosslinked silk fibroin/CM-chitin blend films, glutaraldehyde
used as crosslinking agent was added into the blend solution to achieve the concentration
of 0.005%, 0.01%, and 0.05%.

Measurements: Infrared spectra of pure and blend films were measured by a Bruker FTIR
spectrophotometer, model Vector 3.0, with 32 scans at a resolution of 4 cm™. Wide-angle
X-ray diffraction patterns were recorded with an X-ray diffractometer (D/MAX-2000
series of Rigaku X-ray Diffractometer system). The X-ray source was Ni-filtered Cu Ko
radiation (40 kV/30 mA). The films were scanned from 5 to 30 degree 26 at speed of 5
degree/min. Differential scanning calorimetry (DSC) measurements were performed on a
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Perkin Elmer DSC 7. A 5 mg of cut film was compressed and sealed in an aluminum pan.
DSC curves of each film were obtained from the second heating run at a rate of 10°C/min,
after the first run of heating up to 190°C and cooling to 25°C at the same rate of 10°C
/min, under nitrogen atmosphere. A thermogravimetric analyzer (Dupont, model TGA
2950) was used to investigate the thermal stability of the blends with a heating rate of 10°
C/min from 30°C to 600° C. The swelling behavior of the blend films was carried out by
measuring the weight of the films after immersion in distilled water, buffer pH solution,
and various salt solutions (i.e., 0.25 M solutions of LiCl, NaCl, CaCl, and FeCl;) for 24
hours in comparison with the dry weight of the film before immersion. The blend films
samples were 16 mm in diameter and 30-40 pm in thickness. The degree of swelling was
determined according to the following equation:

Degree of swelling (%) = [(Ws-W&)/Ws] x 100,
where Ws and Wd denote the weights o /ry films, respectively.
RESULTS AND DISCUSSIONE =
Characterization of CM-chitindse 4
FTIR Analysis: The conformatie

<

ptwe and blend films, as well as the
silkk._fibroin were carried out. The
‘ristic absorption bands at 1654
1), and 669 em’. (amide V),

. chitin [Fig.1(t)] showed the
mide 1), 1559, cm™ (amide I1). The spectrum
@ amide | band and amide II band at 1651
etween - amide | and amide 11 of silk

geest that there was some inter-

FTIR spectrum of silk fibroig
em’’ (amide 1), 1542 ecm™ (apfc
assigned to random coil forf.
characteristic absorption band
of the blend film with 50% si
cm'and 1558 cm™, respectiveld.
fibroin and CM-chitin was obsefved-=Fhis
molecular interactions between silk ﬁ@_’i‘iéi:an d :
X-ray Diffraction Patterns: Wide-angie (-2 etion (WAXD) patterns of the films
are shown in Fig.2. CM-chitinexhibited crysta akat 2@+ 9.4° and 26 = 19.3° [Fig.2
(a)]. The silk fibroin films chow y —' to Freddi er al.
[8], the dissolution of silk fiBroin was AL netrating into the adjacent
chains and breaking hydrogen'bonds between polymer chains. This led to the decrease in
crystallinity of silk fibroin films as,compared to dbe original silk fibroin fiber. The patten
of the blend films exl tﬂﬁ%mmﬂﬁ%ﬂ eristic crystalline peaks
of CM-chitin to the complétely-amorphous’patte itk fibréin with the increasing of silk
fibroin content in the blend films. Chener al. [22] studied the crystallinity of pure silk
fibroin membr mwﬂ immm ‘ﬁrmﬂﬂi k&fibroin membrane
showed no cleaﬁﬂ peak. Our result he'diffr pat f pure and blend
films did not give clear information about the crystallinity because the crystalline structure
of CM-chitin and silk fibroin were remarkably frustrated during dissolution process.
Therefore, the CM-chitin/silk fibroin blend films were mainly amorphous.

Thermal Property: Thermal property of pure and blend films were characterized by
differential scanning calorimeter (DSC). The DSC thermograms of pure and blend films
are shown in Fig.3. The pure silk fibroin film showed endothermic peak at 284.86°C
[Fig.3(a)]). According to Tsukada er al. [9] who studied thermal property of silk
fibroin/PVA blend films, it was demonstrated that silk fibroin with low degree of
crystallinity thermally decomposed at around 280-290°C. Therefore, it suggested that the
endotherms observed at 284.86°C should be attributed to the thermal decomposition of silk
fibroin film. The pure CM-chitin film showed the glass transition temperature at 244.70°C
[Fig.3(g)]. According to Sakurai er al. [23], the glass transition temperature of chitosan
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was reported to be 203°C. The thermograms of blend films are showed in Fig.3(b-f). The
DSC thermograms of the blend films with 40% and 50% CM-chitin content [Fig.3(c-d)]
showed the broad peak of decomposition endotherm in lower temperature range and
observed an upward shift of glass transition temperature of CM-chitin. The 60/40 and
80/20 CM-chitin/silk fibroin blends [Fig.3(e-f)] showed only the shift of glass transition
temperature of CM-chitin. While at 20/80 CM-chitin/silk fibroin showed only the shift of
decomposition endotherm. It could be suggested that there was some inter-molecular
interactions occurred between CM-chitin/silk fibroin films.

Thermal stability: The decomposition temperatures of pure and blend films (Fig.4) were
characterized by themogravimetric analysis (TGA). The TGA curves of pure silk fibroin
and CM-chitin films showed the decomposition temperatures at 299.34°C and 265.70°C,
respectively. The decomposition temper /f'lhe blend films were in the range of the

decomposition temperatures of purg # pure CM-chitin. The result showed
- - ble decreased with increasing of CM-

that the decomposition temperatus
chitin content. —
Swelling Study -_— | S
Equilibrium Water Conten ' /1 \
The effect of immersio ' ' :
Fig.5. All samples in water
the films as a function of C
approximaltely 545%. Pure s
cracked after water was bloy
increased with increasing Ch
absorb water of CM-chitin filn
on the glucose residue. The pres

:nl of the blend films is shown in
in 3 h. Fig.6 shows EWC of
of pure CM-chitin film" was
cause il was#very brittle and
e. The EWC of blend films
.\[24] suggested that the ability to

oduction of carboxymethyl group
| groups distributing along chitin

chains disrupts the H-bonging interac acent chitin chains
Effect of pH ,
The effect of pH ¢ : jitin and the blend films is
shown in Fig.7. It was fous *‘T_'_ U M- id Blend films could swell in both

acidic and alkaline pH. TC! :

and amino group of CM-chitsn are 3 4l2} and iveiy. At pH less than 7 (acidic
pH solution), the degrees of stvelling of CM- Qbﬂ:n and blend films slightly increased,
suggesting that the maefj) égw amlj onized leading to the
dissociation of the ad) ﬂgm tl ml-l solution), the degrees
of swelling of CM-chifin and blend filmgs increasedsuggesting thay the carboxymethyl
groups mm?cq}ﬁﬂaﬁﬁqﬁnﬁsm m‘ﬂ] m:ﬂrtazjn The effect of
glutaraldehyde nt Iu ? at 50/50 blend
ratio as a ﬁll]cl?ﬂl‘l of pH is shown in Fig.8. The degree of swelling decreased with
increasing of glutaraldehyde concentration in the films. When the concentrations of cross-
linking agent increased more hydroxyl groups in CM-chitin was consumed due to the
cross-linking reaction. The response of the blend films with 50% CM-chitin content 1o a
step change in pH is shown in Fig.9. In this experiment, the films were brought into a
buffer solution at pH 6 and then transferred to a buffer solution at pH 10 so that an abrupt
swelling was ensured. Later, the films were placed back into a buffer solution at pH 6. The
result showed that swelling behavior of the blend films was reversible when the
environmental pH changed. The blend films showed a pH-sensitive swelling characteristic

that may be applicable to a controlled-release system.

Effect of salt type
The degree of swelling of CM-chitin/silk fibroin blend films in various types of salt
solutions is shown in Fig.10. The salt solutions used in this study were NaCl, LiCl, CaClz

W
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and FeCl; solution. The concentration of salt solution was 0.25M. It was found that the
blend film with 60% CM-chitin content showed the highest degree of swelling in NaCl,
LiCl, and CaCl; solution. However, the most increases in degree of swelling of the fiims
were obtained for the films immersed in monovalent salt solution (NaCl and LiCl) and
divalent salt solution (CaCly). For pure CM-chitin, the degrees of swelling in salt solutions
from the highest to the lowest were in the following order: NaCl> LiCl> CaCl,> FeCls.
Tokura er al. (1983b) studied the specific binding site of calcium ions on CM-chitin
(insoluble water typed, DS=0.28). It was found that CM-chitin could bind with calcium
ions even in the presence of monuvalent cations such as sodium or potassium. The IR
spectrum between the CM-chitin and Ca*'-loaded CM-chitin appeared that the tetrahedral
chelation of CM-chitin toward Ca’" is assisted by the acetamide and hydroxyl groups in

M-chitin. When CM-chitin content

addition to carboxyl groups. ‘?/
i degree of swelling of the blend

dand LiCl, increased. The cross-

CONCLUSIONS

Silk fibroin could enhance«
in the blend films increased, €
films in pH buffer and salt
linking was very importan
concentration had influeneé
concentrations of cross-linki
decreased.

the blend film. When the
swelling of the blend films
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Sustained Release of Drug from Chitosan and Silk Fibroin Blend Films
R. Rujiravanit *', S. Limpapat *, A. M. Jamieson® and S. Tokura®

* Petroleum and Petrochemical College, Chulalongkorn University
® Department of Macromolecular Science, Case Western Reserve University
© Faculty of Engineering, Kansai University
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Chitosan/silk fibroin blend { r-.__‘ prepaied”Ly.solution casting using glmnrnldnhyde as
crosslinking agent. Drug relesase properti itos an];i blq:d gdln;s gg m I_l;l;d
compositions were investigate iffusion at pH 5.5.
Pig skin was used as materiz “jf/i/ ‘hieophylline, salicylic acid, diclofenac
sodium and amoxicillin trihyc N’" he order of drugs from the highest
release to the lowest releas . ‘theophylline > diclofenac sodium >
amoxicillin trihydrate. For all médel’c \\‘N h 80% chitosan gave the higher drug

release. In addition, an increaSc i thiickness of the f 'u‘-,\\ S ulted in a decrease in anfount of drug
released. All model drug releasé dats i ‘, 10 zero order or Higuchi’s model indicating that
the releases of model drug froMi ¢ h d filr = either rate-controlling or diffusion-
controlled releases. It was expegled that t ibroin blend films could be used as the
matrix for sustained release of a d delivery system.

Key words: Chitosan; Silk Fibroin; Blend

5, sustained Release; Drug Delivery System
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Drug Release Characteristics of CM-Chitin/Silk Fibroin Blend Films
R. Rujiravanit ', T. Rotchanarak * and S. Tokura®

* Petroleum and Petrochemical College, Chulalongkomn University
® Faculty of Engineering, Kansai University
" Corresponding and presenting author ratana.r@chula.ac.th

CM-chitin/silk fibroin blend films were  solution casting using glutaraldehyde as
crosslinking agent. The effects ofpil.and b won on swelling behavior of the blend films
were investigated. CM-chitin and"th uw d filh c xibited the minimum degree of swelling at pH 4
and showed pH-sensitive chare fion studied. The degree of swelling of
the blend films increased as "f/ "ﬁ ar ‘i ‘Qﬁh ed rug release characteristics of CM-
chitin and the blend films at 372 afddiid \\L cal pHs, i.e. pH 2.0, 5.5 and 7.2, were
investigated using theophyllini€, di¢l ": dium, ‘ \ h nd salicylic acid as model drugs. It
was found that the releases of ; , Arupsfrom ( p and the blend films at pH 7.2 were
higher than at pH 2.0 and pM 5 3 [hg's nt model 'drugs released from the- films from the
highest to the lowest were i er- maligylic dcic eaphyi]ine > diclofenac sodium >
amoxicillin. The drug releasinf y of CM-chitin/s b bin blend films was compared to that
of CM-chitin/PVA blend films @sigg salicylic aeid as model drug. Both of them showed similar
drug release characteristic. Howeveg : g6s of salicylic acid released from CM-chitin/silk
fibroin blend films were a little bitlower tha iined from CM-chitin/PVA blend films.
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