CHAPTER I

INTRODUCTION

1.1 Rationale

Chitosan is naturaily pated % aaracterized as non-toxic biomaterials
with good biocompatibiditysihis . modifying the outer surface of
chitosan materials t . It was hypothesized that the
reaction of chitosan able to modify the film surface.
The chemically m different surface properties
ilosan surface could be applied
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reductive alkylatio ; he films before and after modification are characterized by
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MTEG ald and MPEG-ald were grafted on the films by a reductive alkylation
to react with the amino groups in the chitosan films. MTEG and MPEG having the
molecular weight of 550 were used in this study. In the research, chitosan films were
allowed to react with MTEG-ald and MPEG-ald by reductive alkylation via Schiff-
base formation (Scheme 1.1). Many factors were considered, including medium types,
and the ratios of chitosan, aldehyde and NaCNBHj as 1:10:10 and 1:30:30.
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Scheme 1.1  Preparation VIPEG in heterogeneous state
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1.4.1 Chitosd 1
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Chitosan, an Nyfeac etylated' derivative of chitin, has a structure similar to

cellulose. cnﬁswqc%sﬂoﬂ %JWZHO’}' ﬂgﬁose (GIcN) repeating

unit with a sfibll amount of 2- acgtyl -2-deoxy-D- glucose re31dues The amount of
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and metachromatic titration.* The structures of chitosan and chitin are shown in

Scheme 1.2.
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Chitosan is easil'ygbtained by deaggsylation of chitin, a polysacchande widely
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inorganic aci®§ such as HCI, HNéD3 and orgamc acids, preferﬂ)}y acetic acid and
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QThe intriguing properties of chitosan have been known for many years and the

polymer has been used in the fields of agriculture, industry and medicine. Chitosan has
been noted for its application as a film-forming agent in cosmetics,® a dry-binder for
textiles, a strengthening additive in paper.” It has been used extensively as a
biomaterial owing to its immunostimulatory activities,® anticoagulant propertie:s,B
antibacterial and antifungal action'® and for its action as a prorhbter of wound healing

in the field of surgery."!



14.2 TEG and PEG

Formula of TEG:

CH,—O0— CH, —CH, —OH

TEG is an important non-volat
dehydration of gases, mafitifaetuie of ips ﬂ in the synthesis of some organic
derivatives. Pure TEGgi frofsplasticizers for cellophane, glue,

mponent in the formulation of

\Z’ used for air fumigation and

cork, powdered cer.
some pigments, pri

distinguished by its

Formula of PEG;

PEG is a linear po a hydroxyl terminal. The longer

chains are 81mpl l-"";,",-i",',-"‘, ...... -..';;.m..iii_a.....__‘.'.' ) It has been used most
widely for surface’ ' préperties such as hydrophlhclty,
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flexibility, high exche 1on volume in water, nontox1c1 ~

The synthesi ﬁﬁ l-zj%;tep for the application
of PEG. Wﬁ i‘] gﬁ }J odifies many of its
features wh11e the main biologiodl functions may be maintaiged. The PEG- -drug
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drugs fre solubilized by PEG conjugation and thus more easily administered. When

, and nonimmunogenecity.'?

PEG derivatives are crosslinked with a proper polymer network, the release of drug
from the network can be controlled. This will lead to a longer duration of drug release

and a higher efficiency.

PEG has been used extensively as a component in materials for biomedical
application. When it is included as a comonomer in polymeric material, or when

grafted to a surface, it usually increases biocompatibility. A self-assembled



monolayers (SAM) of poly(ethylenimine) and oligo(ethylene glycol) (Figure 1.1) was
shown to resist the adsorption of protein and the adhesion of bacteria. This study
demonstrate that some of the structural priciples useful for designing SAMs that resist
the adsorption of protein can be extended to thin polymer films grafted on the surface

of SAMs. 12

Figure 1.1 Reactjoshf interchain anhydrides with i af-poly(ethylenimine) (LPEL),

v

followed' b

d¥PEI with an acyl chloride

r
(CICOR, R=CHj; CH,(OCH,CH,),0CH3) .

Surfa ﬂ:?j’ﬁ 1 ‘1 mﬂﬁﬂ tein adsorption to the
surface.”Thﬁr p iﬁﬁeﬁ; & aximized by covalent
grafting. Silanated MPEGs was s§nthesized fogsgovalent graftifigrof PEG to glass
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95% o8 compared with the control surface. Silanated PEG is an example of PEG

derivatives that can be used to graft on certain material.
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Figure 1.2 Two silanated PEG used to grafted on glass surface'*

Chitosan carriessasnumbe: lydre “@H)rand amino (-NH;) groups. This

prompts many resea h’;}_\ s properties either by physical

blending or chemic
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deacetylated chitin re’ pi C ‘- ening reactions with various
cyclic acid anhydride i YHs 0. ' ylation of deacetylated chitin

were also performed in ldehydes, monosaccharides, and

disaccharide. The water gd and N-alkylated chitosan derivatives

at various pHs were studied.

To modify the

agfof hyperbranched dendritic

polyamidoamine, @& 4 I‘f es, onto the surface was

investigated.'® It wag found" that peroranched ': ritic polyamidoamine was
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propagated from chitoipwowder surface.by repeating two processes: (1) Michael
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Scheme 1.6 Acylation of chitosan films under heterogeneous state



Surface modification using hydrophobic polymers has been shown to effect of
protein adsorption.'® The surface of chitosan films was modified using acid chloride
and acid anhydride (Scheme 1.7). The improved surface hydrophobicity affected by
the stearoyl groups promoted protein adsorption. In contrast, selective adsorption
behavior was observed in the case of the chitosan films modified with anhydride

derivatives. Lysozyme adsorption,wag gnhanced by H-bonding and charge attraction
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Scheme 1.7 Attag -‘:““m"'""“""“"’"’“ ‘ to the surface of chitosan

film 1 : | Ki
The uﬂ %t&;% Qﬂ% %’w E]n’}ﬂ %’ properties of chitosan

were reportedBy a number of rese?'chers Monoaldehyde denvatwes of tri- and tetra-
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adsorption capacity toward metal ions. Moreover, PEG’s with molecular weight up to
5,000 daltons were also grafted on the chitosan chain by using their aldehyde

% or by using sulfonate derivatives.”' (Scheme 1.8)

derivatives via reactive alkylation
Protein and platelet adhesion on these modified chitosan were reduced significantly,

possibly due to steric repulsion caused by the PEG chain.
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1.4.4 Surface characterization

Surface characterization is a method for analyzing chemical and physical
properties of material surface. In this research, surface of chitosan films, before and
after modification, were analyzed for functional groups using ATR-IR, hydrophilicity

using air-water contact angle, and protein adsorptivity.
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Air-water contact angle measurement

Contact angle measurement is probably the most common method of surface
tension measurement of solids. The basis of the measurement of solid surface tension
by contact angle is the equilibrium of the three-phase boundary, shown in Figure 1.3.

As the surface becomes more hydrophobic, 6 will be larger.

uid and vapour phases
olid and vapour phases
vetween Hyuid * d solid phases

Figure 1.3 Equiﬁn’u . ebotndaryon solid surface

FT- Hﬂlpectrometer is bas%d on the 1nterference of light between two beams,
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Fourigy ransform asic components of spectrometer are shown

schematically in Figure 1.4. The radiation generated by the IR source passes through
an interferometer, then being absorbed by a sample before reaching a detector. Upon
the signal amplification, in which high-frequency contributions have been eliminated
by a filter, the data are converted into a digital from by an analog-to-digital converter.

Then they are transferred to the computer for of Fourier transformation. The finally
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FT-IR spectrum is obtained from the ratio of a single beam of the sample against that

of the reference.

source |(—p| interferometer sample [—p detector |—p{ amplifier
analog/digital
converter
) computer
Figure 14 Sch ical F ’ R
Attenuated togdl refllec -.,trf; @"\L \.\ Py (ATR-IR
The infrared bedm ffom I;'-;‘I/c- Stigieter 18 focused onto the beveled edge of

| = .
an internal reflection elemient (IRE) is then reflected, generally numerous

times, through the IRE crystak anedi ot ctector (Figure 1.5).
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Figure 1.5  Diagram of ATR-IR

Detector data treatment

The radiation can penetrate a short distance into the sample, thus interact with

any functionalities existed within that depth. The depth of penetration (dp, defined as
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the distance from the IRE-sample interface where the intensity of the evanescent wave

decays to 1/e of its original value) can be calculated using the formula in Equation:

dy = A

2mn,(sin’0-ng, )"

where A = wavelengthiof the IRE, 6 = angle of incidence, ng, =
ratio of the refractive indiCES ofth nd n, = refractive index of the
IRE. Practically, thef alfeontact with one of the crystal.

In this study, ATR identifying fonctional groups on the surface of
chitosan films be

characterization is 1-

The study of proteifi adsoipt on | cd considerable attention in the last

few decades.?** The adhesio

aces is particularly important in such

fields like bioengingarifig :

-toiee. for protein adsorption may
)

include, van der adls dgent bonding, and electrostatic

. : - i .
interactions between oppositely chiarged surface and proféin domains.

In this work rﬁtﬂl orption._on*¢ ifi itgsan films surfaces was
studied usinﬁbuﬂb%ﬁﬂnﬁmﬂﬁﬁiim (chicken egg
white). BSA is one of the more abyndant blood proteins. Its biolggical functions are
trans&ﬁ%h&ﬁﬁom %% f)-l}s'sgr% I&,gg}rals&} antimicrobial
protein that has a hydrophobic patch and an uneven charge distribution.”> An
isoelectric point (pI) of lysozyme is 11 and contains larger amount of ~OH, —NH, than
—COOH groups. Albumin has a pI of 4.8. It is therefore a —COOH rich protein.
Adsorptivity of proteins on the chitosan surface before and after modification was

compared. These results could be used to design a surface that can control the amount

of protein adsorption.



	Chapter I Introduction
	1.1. Rationale
	1.2. Statement of the Purpose
	1.3. The Scope of This Research
	1.4. Theory


