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CHAPTER |

INTRODUCTION

1.1 Introduction

The skin is often known as "the largest organ of the human body". The skin is
composed of two major layers of tissue. The outer epidermis which provides
protection, and prevents micro-organisms from entering the body. The inner dermis,
which is composed of blood vessels and accessory structures (hair, nails, sweat
glands, and sebaceous glands), and collagen fibres and elastin which give the skin its
strength and flexibility. Therefore, the skin is damaged easily, for example, the skin is
torn, cut or punctured (an open wound), or where blunt force trauma causes a
contusion (a closed wound). When skin wounds occur, from the understanding of the
wound healing process, wound management aids are important in promoting wound
healing. Wound management is performed by initial cleansing and debridement after
antiseptic procedures have been completed the wound was covered with dressing to
stop bleeding and preventing wound infection (Forter et al., 1995). Wound
management has several methods for example, use of wound dressing such as gauze-

based dressings, paste bandages, suturing or stapling the tissue.

Lactide-based polymers are widely utilized in a variety of biomedical
applications including surgical fixation devices and controlled drug delivery (Agrawal
et al., 2006; Gallardo et al., 1998; Lee et al., 2005; Peppas, 1997 and Wang et al.,
2002). The use of lactide-based polymers as bioadhesives for human tissue is
emerging as a preferred alternative to suturing. An ideal tissue adhesive must have
sufficient viscosity prior to use; thus, adheres to the tissue substrates rapidly.
Additionally, the adhesive should biodegrade without side effect or systematic
toxicity, and must provide strong and complete closure throughout the healing process
(Cohn et al., 2004 and Reece et al., 2001). The existing adhesives in clinical use such
as fibrin sealants, albumin-based compounds, cyanoacrylates, hydrogels (polyethylene
glycol polymers), collagen-based adhesive (Montanaro et al., 2001). Although
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surgical adhesives have performed satisfactorily in many instances, each material has

limitations.

Fibrin sealants and albumin-based compounds, show substantially lower
mechanical bonding capabilities and they are manufactured from human blood or
plasma, the menace of the transmission of infective agent cannot be completely ruled
out.

Alkyl cyanoacrylates, which cure rapidly and form strong tissue joints, are
often toxic to tissue and elicit dose-dependent carcinogenicity (Cohn et al., 2004 and
Reece et al., 2001).

In earlier research, tissue adhesives have been developed in several forms
(English et al., 1989 and Mai-ngam et al., 2005). But those methods have shown

several drawbacks including:

e Synthesis process and application are complicate.
e Their polymerization reaction is noticeably exothermic and may result

in thermal damage to tissues.

Co-oligomers consisting of I-lactide (LA) (Fig.1 (a)) and e-caprolactone (CL)
(Fig.1 (b)) using trimethylolpropane (TMP) as co-initiator, are prepared as tissue
adhesives that do not entail any chemical reaction during their application, their use
being based solely on their temperature-dependent rheological behavior (Cohn et al.,
2004), adhesive property depended on lactide component and chain entanglement.

0
0
0
5 0
0
(a) (b)

Figure 1.1 Structures of (a) L-lactide and (b) e-caprolactone.
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This research focuses on development of copolymer from biocompatible and

biobased monomer for use as tissue adhesive and drug release system.

Antibiotics drug, substance that prevent the growth or reproduction of bacteria
within the body and reduced many inflammation because of infection, was selected as
a model drug. By applying antibiotics on tissue adhesive film or wound dressing
patch, this could help reduce many bacterial infections both in small wound such as
incision wound, acne wound and large wound such as burn wound, postoperative
wound. In addition copolymer with adhesive property can help enhance scab
formation comparing with traditional wound dressing management simple which is
done by applying antibiotic on wound and covering with dressing such as gauze
dressing to provide wound protection from the external environment during the
formation of the scab, it was expected that copolymer used in this study helps protect
wound from dryness and injury during daily cleansing. Since, gauze dressing is a dry
dressing which interfere growing epithelial cells on a wound when opening it,

therefore causing injury during wound cleansing.

In this work, we have attempted to synthesize low molecular weight
poly(L-lactide-co-g-caprolactone) by ring-opening polymerization (ROP). The effect
of co-initiator was investigated. It was expected that the obtained copolymer would
have glass transition temperature (T4) approximately at 20-25°C and the viscosity of
the copolymer could have changed with the temperature; therefore, at body
temperature the copolymer adhesive could hold the injured tissue together. After the
preparation, the biodegradable and biocompatible copolymer was evaluated as a new
tissue adhesive and drug release system. Tetracycline was selected as a model drug

due to its application to treat a wide range of infections.

1.2 Objectives

1. To synthesize low molecular weight poly(L-lactide-co-g-caprolactone)
using different type of co-initiator.

2. To characterize the resulting copolymer by *H NMR, GPC and DSC.
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3. To study the adhesive properties of copolymer.

4. To study the in vitro drug release of tetracycline.

1.3 Scope of research

In this research, the activities involved in synthesis of low molecular weight
poly(L-lactide-co-e-caprolactone) that would be as tissue adhesive and tetracycline

drug release as follows:

1. Literature survey.

2. Synthesis of low molecular weight poly(lactide-co-
caprolactone).

e Synthesis of lactide

e Synthesis of poly(lactide-co-caprolactone)
by ring-opening copolymerization using
different co-initiator.
i. Butanediol
ii. Pentaerythritol

iii. Sorbitol as co-initiator.

3. Characterization of copolymer by '"H NMR, GPC and
DSC techniques.

4. Preparation and characterization of copolymer/chitosan

film.

5. Determination of adhesive property of copolymer by
T-peel test.

6. In vitro drug release of tetracycline.
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CHAPTER Il

THEORY AND LITERATURE REVIEWS

2.1 Block copolymer (Kumar et al., 2001)

Copolymers are defined as polymers composed of several different monomer
units and are classified into four types by monomer placement namely, random
copolymers, alternating copolymers, graft copolymers and block copolymers
(Yokoyama, 1992).

Random polymers are the statistical arrangement of copolymer having
repeating units in their backbone. Alternating copolymers are synthesized by the
alternate placement of monomers. Both block and graft copolymers are composed of
several segments and they differ in the intersegment linkage site as graft copolymers
are defined by chemically linked pair of homopolymers, while block copolymer are
composed of terminally connected structures and thus, graft polymers have a comb
type structure as shown in Figure 2.1. The focus in this review is on the block

copolymer.
(a) (b)
e _ 0 00  __ 00 000 ) © 6 0 6 0 O
© (d)

ooee 0000 __ 0060

Monomer A (@)
Monomer B (O)

Figure 2.1 Structures of (a) random, (b) alternating, (c) graft and (d) block copolymer.
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2.1.1 Classification of block copolymers

The block copolymers have received much attention, since the different
homopolymer properties are maintained in the block copolymer, and this allows easy
modification of the polymer characteristics (Stridsberg et al, 2002). Block copolymers
are classified into several types by sequential arrangement of component segment

including:

a) The simplest block copolymer is AB-type block copolymer, which is
composed of one segment of A unit of homopolymer with B units of other
homopolymer (Figure 2.2 (a)).

b) Both terminals of B unit are connected at the terminal of A unit, and thus,
it is referred to as an ABA type block copolymer (Figure 2 (b)).

c) A and B segment is connected many times and referred to as a multiblock
copolymer (Figure 2.2 (c)).

d) Star-shaped block copolymers. In this family of block copolymers, unit A
has multi-arm functionality and copolymerize with the blocks of B and
shows a star-like shape. The number of arms of the star-shaped block
copolymers depends on the number of functional groups on block A
(Figure 2.2 (d)).
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Figure 2.2 A schematic presentation of (a) AB di-block, (b) ABA tri-block,
(c) (AB), multiblock and (d) star-shaped block copolymer.

2.1.2 Synthetic methods of block copolymers

The synthesis of block copolymers exhibits well-defined properties and
structure, the pre-requisite for biodegradation having requisite properties, and to
achieve these aims, the synthetic structure leading to copolymers should comply the
following:

e The molecular weight of backbone chain/arm of star-shaped block
copolymers along with the single unit block is adjustable;

e The copolymers, polymer block and arms of star-shaped block have a very

narrow molecular weight distribution;

e The type, number and arrangement of the polymer blocks and arms of
star-shaped block are known;
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e The chemical structure can be analyzed exactly and is as uniform as

possible;

e The polymer does not contain non-removable impurity e.g.

homopolymers, starting components having low molecular weight etc.

Block copolymers can be polymerized by a large of well known
polymerization techniques, including anionic, radical, cationic, ring-opening, photo,
group transfer and Ziegler/Natta polymerization. The most widely used technique is
living polymerization, in which the molecular weight of the individual blocks
(variation of initiator/monomer ratio), the volume ratio (variation of
monomer/monomer ratio), as well as the block arrangement (AB, ABA, BAB), can be
adjusted in a desired manner. The most widely used techniques to synthesize block

copolymers are as follows:

Sequential addition of the monomer

This is the most widely used technique with a possibility to synthesize AB,
ABC and ABA by using monofunctional initiating system and BAB and CBABC by

using bifunctional initiator.

Addition of the monomers at the same time

This method is applicable when reactivity of the monomers is different and
permits a mono and bifunctional initiation (Ferruti et al, 1995; Penco et al, 1996). Due
to different reactivities of monomer, polymerization of second monomer starts just
after the completion of polymerization of more reactive first monomer. This variant is
applicable only if the polymerization parameter of the monomers is different

otherwise it will proceed to gradient polymers.
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Coupling of homo- or block copolymers

Coupling of terminal functionalized homo- and block copolymers can be
used to synthesize AB, ABA and star-shaped block copolymers. However, a
successful synthesis is dependent on several preconditions such as: The coupling
reaction proceeds completely and without any side-reaction; A 100% end group
functionality of copolymers is a necessary condition to approach a complete
coupling reaction; Both types of homopolymers are available in the exact mole
ratio of the functional end groups. There are many types of initiators, which can
induce the living polymerization, among them, anionic initiators are representative

ones due to long history of studies and actual applications to polymer industries.

Site transformation technique

Recently, site transformation technique has been applied to synthesize the
block copolymers in which monomers with completely different chemical
structures can be polymerized by sequential addition with a change in the
polymerization technique (Kitayama et al, 1991)
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2.2 “Coordination-insertion” ring-opening polymerization

The coordination-insertion mechanism, also known as pseudoanionic
ring-opening polymerization, involves the coordination of a monomer at the carbonyl
oxygen to active species (Zhong et al., 2001). This coordination enhances the
electrophilicity of the C-O group and the nucleophilicity of the OR group, hence,
allowing “insertion” of monomer into the metal-oxygen bond to occur (Mecerreyes
etal., 1999).

Scheme 2.1 The proposed reaction pathway for the ROP of a cyclic ester by the

coordination-insertion mechanism.

Scheme 2.1 shows a schematic presentation of the coordination-insertion
mechanism. The growing chain remains attached to the metal through an alkoxide
bond during the propagation. The reaction is terminated by hydrolysis forming a
hydroxyl end group. With functional alkoxy-substituted initiators, macromers with
end groups active in post-polymerization reactions are produced (Stridsberg et al,
2002).

The coordination-insertion type of polymerization has been thoroughly
investigated since it possibly yields well-defined polyesters through living
polymerization. When two monomers of similar reactivity are used, block copolymers

can be formed by sequential addition to the living system.
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2.3 Poly(lactide-co-caprolactone)

2.3.1 Lactide

A cyclic dimer of lactide produced from the dehydration of lactic acid. When
dilactide is prepared from racemic lactic acid, the three isomers that result are

D-lactide, L-lactide and meso-lactide.

D-lactide L-lactide meso-lactide

Figure 2.3 The structures of lactide in different stereoisomer.

The meso isomer can be removed, but D and L-lactide are enantiomers that
comprise the racemic form, rac-lactide. When rac-lactide is polymerized with simple
catalysts, an amorphous polymer results from an essentially random incorporation of
D and L-lactide units in the growing chain. Since the properties of the racemic
polymer are not suitable for most practical applications, commercial processes

presently utilize L-lactide produced from L-lactic acid.

Lactic acid Lactide

Scheme 2.2 Production of L-lactide by dehydration 2 molar of lactic acid.
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2.3.2 Caprolactone

Caprolactone is a cyclic ester, known as a lactone, with a ring size of seven. It
is a clear colorless liquid that is miscible with most organic solvents except aliphatic
hydrocarbons. It reacts slowly with water to form 6-hydroxyhexanoic acid.
Caprolactone is prepared by oxidation of cyclohexanone with peracetic acid.

@)

Figure 2.4 The structure of caprolactone.

The lactone ring is easily opened with nucleophiles including alcohols and
water. Caprolactone is a monomer used in the manufacture of various polymers
including polycaprolactone. It is also used in synthetic fibers, polyurethane

elastomers, plastics, adhesive fabrics, and coatings.

2.3.3 Catalyst/Co-initiator systems for the ring-opening polymerization of
lactides and lactones

Multivalent metal (Al, Fe, Ti, Sn, Y) alkoxides and covalent metal
carboxylates such as stannous(ll) 2-ethylhexanoate are the two main classes of
initiators currently utilized for the synthesis of biodegradable aliphatic polyesters and
their copolymers. Stannous and aluminum alkoxides are the most widely used
initiators for the preparation of well-defined aliphatic polyesters of controllable molar

mass and narrow molar mass distributions.
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Stannous(11) 2-ethylhexanoate (Sn(Oct),)

Figure 2.5 The structure of stannous(1l) 2-ethylhexanoate.

Stannous(l1) 2-ethylhexanoate or tin (I1) 2-ethylhexanoate, commonly refered
to stannous octoate (Sn(Oct),), is a frequently used catalyst in the ROP of lactones
and lactides. Sn(Oct), has been approved as a food additive by the American Food
and Drug Administration (FDA) (Kricheldorf et al., 1995). The mechanism of
polymerization has been widely discussed. Despite several proposals over a long
period of time, until now the ROP mechanism has not been elucidated. The Sn(Oct),
is not thought to be the actual initiator since the molecular weight does not depend on
the monomer to Sn(Oct), molar ratio. The most promising mechanism is a
coordination-insertion mechanism where a hydroxyl functional group is thought to
coordinate to Sn(Oct),, forming the initiating tin alkoxide complex (Dutkeiwicz et al.,
2003 and Kricheldorf et al., 1995). Unfortunately Sn(Oct), chemistry also has its
downsides, including difficulty in controlling the molecular weight of the polymer
since any presence of water or other hydroxyl functionality is likely to initiate the
system along with large amounts of transesterification reactions (Kricheldorf et al.,
1985).
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Coordination-insertion mechanism can be proposed into two slightly different

reaction pathways (Stridsberg et al., 2002).

ROP
O

(Oct),Sn--- (I)RCO— R'
H

(b) SnOct), + R—OH ——— 3 OctSN—OR + OctH

o
II Q

Cc—o0 [|

OctSn—OR + ( ) » OctSn——OH
R. k RI )

Scheme 2.3 The main ROP mechanism proposals with Sn(Oct), as catalyst,
(&) complexation of a monomer and alcohol prior to ROP and
(b) formation of a tin-alkoxide before ROP of cyclic ester.

Scheme 2.3 shows two different mechanisms. In the first mechanism, the
co-initiating alcohol functionality and the monomer are both coordinated to the
Sn(Oct), complex during propagation. Secondly, Sn(Oct), complex is converted into a
tin alkoxide before complexing and ring-opening of the monomer. Direct observation
of this tin alkoxide complex has been reported by using MALDI-TOF spectrometry

for both lactide and cyclic ester polymerization.

The Sn(Oct), catalyst is a strong transesterification agent, and the resulting

co-polymers normally have a randomized microstructure. The increasing of reaction
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temperature or reaction time will also increase the amount of transesterification

reactions.

The ROP of lactide with Sn(Oct), is fairly slow and it is desirable for
economic and commercial reasons to increase the rate of polymerization. The addition
of an equimolar amount of triphenylphosphine was increased the rate, and as an
additional advantage, this compound delays the occurrence of the undesirable

back-biting reactions.

Co-initiator

Several mechanisms have been proposed for the Sn(Oct), induced
polymerization. According to the most recent results, Sn(Oct), first reacts with
compounds containing hydroxyl groups to form a tin alkoxide that acts an actual
initiator in the polymerization. Hence, the use of alcohol as co-initiator increases the
reaction rate of polymerization. The propagation is stopped via a chain transfer with
another alcohol molecule, which causes the polymerization to yield hydroxyl-
terminated polymers with molecule weight depending on the ratio of monomer to
co-initiator (Korhonen et al., 2001).

However, the polymerizations with Sn(Oct), are initiated by hydroxyl
containing compounds. These hydroxyl-groups can either be purposely added to the
reaction mixture or appear as impurities in the monomer or catalyst itself as a result of
the production method and the fact that Sn(Oct), is extremely hygroscopic
(Kricheldorf et al., 1985).

The synthesis of star-shaped, biodegradable polymers using a wide variety of
multifunctional hydroxy-terminated co-initiators such as pentaerythritol (Kricheldorf
et al., 2005 and Korhonen et al., 2001) and dipentaerythritol (Choi et al., 2005) are
extensively reported.
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2.4 Tissue adhesive

2.4.1 Definition

Tissue adhesive can be broadly defined as any substance with characteristics
that allow for polymerization. This polymerization must either hold tissues together or
serve as a barrier to leakage. Some sources call them tissue glues, but the word glue
confers expectations that tissue adhesives, as a group, are not designed to meet (Reech
etal., 2001)

2.4.2 Development of tissue adhesive

Series of thermo-responsive chitosan-g-poly-N-isopropylacrylamide with
different grafting compositions were synthesized to develop tissue adhesive that can
be used easily. The association temperature of these copolymers (32.5-34°C) in water
make them suitable candidates for utilizing as tissue adhesives. The liquid adhesives
become solid after wound closure due to the body temperature (37°C) that exceeds
their association temperature. To compose tissue adhesives, dialdehyde dextran
(DAD) was used as a crosslinker (Mai-ngam et al., 2005)

A family of biocompatible and biodegradable lactide/caprolactone
co-oligomer was synthesized (Cohn et al., 2004). Application of this tissue adhesive
does not entail any chemical reaction during its application, its use being based solely
on its temperature-dependent rheological behavior. Its working concept capitalizes on
the behavior of specially designed, low molecular weight block copolymers that
display low viscosity at the temperature of application (T,) and become much more
viscous once at body temperature (Tp). The initial low viscosity and substantial
flowability exhibited by these materials at Ta; allow their straightforward application
at the site of performance, displaying also enhanced conformability and better
attachment to the tissues. The pronounced raise in viscosity these materials are
required to exhibit as they cool down to physiological temperature, is a key requisite
if these oligomers are to successfully perform as adhesives. Lastly, since

biocompatibility and biodegradability are additional indispensable attributes, the
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oligomers synthesized were tailored so that they as well as their degradation products,

are non-toxic.

Since the performance of these adhesives is based on their temperature-
dependent rheological behavior, special attention was given to the interdependence
existing between temperature, molecular weight and rheological properties, as
schematically plotted in Figure 2.6. Low molecular weight polymers have much lower
viscosities and display a sharp decrease in viscosity at a temperature slightly above
their typically low glass transition temperatures. Due to this behavior, low molecular

weight polymers were selected.

&

Log E

>

Temperature

High molecular weight, = — = - Low molecular weight

Figure 2.6 Schematic plot of the change in modulus as function of temperature.
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2.5 Controlled drug release system

Controlled release may be defined as a technique or method in which active
chemicals are made available to a specified target at a rate and duration designed to
accomplish an intended effect. A definition perhaps more acceptable to the chemist

and engineer may be:

Controlled release is the permeation-moderated transfer of an active material
from a reservoir to a target surface to maintain a predetermined concentration or

emission level for a specified period of time.

In its broadest sense, the concept of controlled or sustained release of
biologically active agents has existed for over three decades. Early commercial
applications of the technology occurred in both the pharmaceutical and agricultural

industries.

2.5.1 Fundamental requirements for release system

There are several major factors to consider during the development of drug
delivery system. Biocompatibility with the human environment is essential since the
system is adhered to tissue. All agents must be chemically inert, noncarcinogenic,
hypoallergenic, and mechanically stable. If proper biocompatibility is not achieved,
many untoward effects can occur such as capsular contracture, unexpected release of
the drug, tissue damage, or infection of the area surrounding applied (Dash et al.,
1998)
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2.5.2 Advantages of controlled release

Controlled release system provides numerous benefits over conventional
dosage form. Controlled release dosage forms are able to control the rate of drug
delivery, the target area of drug administration and maintain therapeutic levels of drug
with narrow fluctuations (Figure 2.7) (Kim, 2000). That can reduce toxic and/or
undesirable side effects of the drug. The serum concentration of drug released from
controlled release dosage form fluctuates within the therapeutic range over a long
period of time. Conventional therapies may require administration of the dosage form
either one, two, or multiple times a day (Dash et al., 1998). That makes it possible to

reduce the frequency of drug administration and improvement in treatment efficiency.
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Figure 2.7 Hypothetical serum drug concentrations of various oral dosage forms.
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2.5.3 Transdermal drug delivery system

All of technologies can classified into the four common configurations that

used in transdermal drug delivery system as shown in Figure 2.8.

b)

d)

Backing
Adhesive
Matrix Multi-laminate
Membrane
Drug
Liner/Skin
Reservoir Drug in adhesive

Figure 2.8 Basic approaches of patch constructions.

Reservoir, in which the drug is placed in liquid and delivered to the

skin across a rate moderating membrane.

Matrix, in which the drug is placed within a non-adhesive polymeric

material, typical a hydrogel or soft polymer.

Drug in adhesive, in which the drug is placed which in an adhesive

polymer.

Multi-laminate, which is similar to the drug in adhesive design but
which incorporates an additional layer of pressure sensitive adhesive to

cover the entire patch and affix it to the skin.
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2.5.4 Methods of achieving controlled release

There are five major types of controlled release device designs, as follow:
1) Dissolution-controlled systems
2) Diffusion-controlled systems
3) Biodegradable systems
4) Osmotic systems

5) Mechanical pumps

The choice of method for achieving controlled release in a particular
application depends on a number of factors such as the coat, the potency and the
properties of the agent, the environment of use, and any requirement for
biodegradability. Perhaps the most critical factor is the release rate required. In the
following sections, three of the more superior controlled release systems (1-3) will be

described in details.

Dissolution-controlled systems

The sustained-release preparations of drugs could be made by decreasing their
rate of dissolution. The approaches to achieve this include preparing appropriate salts
or derivatives, coating the drug with a slowly dissolving material, or incorporating it
into a tablet with a slowly dissolving carrier. Figure 2.9 (a) shows that the dissolution

controlled systems can be made to be sustaining in different design.

Diffusion-controlled systems

In diffusion-controlled systems the active agent is homogeneously dissolved
or dispersed throughout the polymer mass (Figure 2.9 (b)). The release pattern
depends on the geometry of the system, the identity and nature of the polymer or other
carrier material, and the loading of the agent.
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Biodegradable systems

The diffusion-controlled devices previously outlined are permanent, in that the
membrane or matrix of the device remains after its delivery role is completed.
In some applications a device that degrades during or subsequent to its delivery role is
required. Many polymer systems have been prepared that slowly biodegrade when
placed in the body. With such polymers, it is, in principle, possible to program the
release of an active agent by dispersing the material within the polymer, with erosion
of the polymer effecting release of the agent. A typical system is shown on
Figure 2.9 (c).

(a) (b) (©)

Time

Figure 2.9 (a) Dissolution-controlled, (b) diffusion-controlled and
(c) biodegradable systems (Peppas, 1997).
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2.6 Tetracycline hydrochloride (TCH) as model drug

Tetracycline is a wide spectrum antibiotic affecting anaerobic and facultative
organisms, gram-positive and gram-negative bacteria and mycoplasms, through potent
bacteriostatic activity (Pataro et al., 2003).

2.6.1 Physicochemical properties

e HCI

Figure 2.10 Chemical structure of tetracycline hydrochloride.

Solubility in water ~ : Freely soluble, freely soluble in alkali hydroxide and
carbonates solutions; sparingly soluble in alcohol; practically
insoluble in chloroform and in ether.

Stability . Stable in air, but exposure to strong sunlight causes it darken.
It loses potency in solutions of pH below 2 and is rapidly
destroyed by alkali hydroxide solutions.
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2.6.2 Uses and administration

Adults appointed on the inside of 0.25 g every 6 hours, if necessary, 2 g per
day. Children over 7 years appoint 25 mg/kg every six hours. For treating moderate to
severe acne, the TCH dosage is 125 mg to 500 mg twice daily.

2.6.3 Pharmacokinetics

Bioavailabilities are approximately 60-80% via oral. The presence of food or
dairy products can significantly reduce the amount of TCH absorbed, with reductions
of 50% or more possible. However, bioavailabilities are less than 40% via
intramuscular. TCH as a class, are widely distributed to heart, kidney, lungs, muscle,
pleural fluid, bronchial secretions, sputum, bile, saliva, urine, synovial fluid, ascitic
fluid, and aqueous and vitreous humor. TCH cross the placenta, enter fetal circulation

and are distributed into milk.

TCH are eliminated unchanged primarily via glomerular filtration. Patients
with impaired renal function can have prolonged elimination half-lives and may
accumulate the drug with repeated dosing. These drugs apparently are not
metabolized, but are excreted via both biliary and nonbiliary routes and may become
inactive after chelation with fecal materials. The elimination half-life of TCH is

approximately 6-11 hours.

2.6.4 Adverse effects

TCH side effects may include nausea, fever, diarrhea, vomiting, loss of
appetite, pain in the abdomen, constipation, allergic reactions (skin rashes, itching)
and photosensitization (increased skin sensitivity to sunlight). However, children
given TCH therapy for even short periods can develop permanent yellow/gray
staining of teeth and bones (Pataro et al., 2003).
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2.7 Chitosan

Chitosan, a polycationic biopolymer, was discovered by Rouget in 1859 and
gave a name by Hoppe-Seyler in 1894 (Pual et al., 2000). It is generally obtained by
alkaline deacetylation of chitin, which is the second abundant polysaccharide next to
cellulose. Chitin is the principal component of protective cuticles of crustaceans such
as crabs, shrimps, lobsters, prawns and cell walls of some fungi such as aspergillus
and mucor. In plants, chitin is present in hyphae or spores of molds (Sigha et al,
2004).

2.7.1 Structure of chitosan

Chitosan (CgH1104N),, a natural linear biopolyaminosaccharide, is a
copolymer of B-[1-4]-linked 2 —acetamido-2-deoxy-D-glucopyranose and 2-amino-2-
deoxy-D-glucopyranose. It has one primary amine group and two free hydroxyl
groups for each C6 building unit (Figure 2.11). Both reactive primary amine and
hydroxyl group can be used to chemically alter its properties under mild reaction
conditions. The polymer differs from chitin in that a majority of the N-acetyl groups
in chitosan are hydrolyzed. The degree of hydrolysis (deacetylation) has a significant
effect on the solubility and rheological properties of the polymer. The amine group on
polymer has a pKa in the range of 5.5 to 6.5, depending on the source of the polymer.
At pH below 6.5 (dilute acid solution), chitosan is soluble as the glucosamine units
can be converted into a soluble form (R--NHs"). It gets precipitated in alkaline
solution (pH above 7) or with polyanions. The pH-sensitivity, coupled with the
reactivity of the primary amine groups, make chitosan a unique polymer for oral drug
delivery applications.

OH OH OH
0] 0 0
N 0 o
OH OH OH
NH, NH, NH
ol
CHs

Figure 2.11 Chemical structure of chitosan.
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2.7.2 Chitosan in pharmaceutical application

Chitosan has been considerable interesting in the medical and pharmaceutical
fields. In addition to the good biocompatibility, biodegradability and low toxicity of
chitosan, it has a number of desirable properties that make study of it interesting.
Indeed, chitosan is known for it is polycationic polymer, forming gels most readily in
acidic environments, such as that in the stomach. This makes chitosan interesting in

relation to the development of slow release dosage forms for oral administration.

Chitosan were widely prepared for controlled drug release. Monolayer
multilayer composite systems were prepared. Monolayer composite systems made of
ipriflavone loaded poly(lactide-co-glycolide) (PLGA) micromatrices in a chitosan
film form, were obtained by emulsification/casting/evaporation technique. Multilayer
films, made of three layers of polymers (chitosan/PLGA/chitosan) compared to
monolayer films for their in vitro characteristics. Significant differences in swelling,
degradation and drug release were highlighted, depending on film structure and
composition. In vitro experiments demonstrated that the composite micromatricial
films represent a suitable dosage form to prolong ipriflavone release for 20 days
(Perugini et al., 2003).

In 2007, chitosan film containing fucoidan was investigated its suitability for
the treatment of dermal burns on rabbits (Szer et al., 2007) and novel wound dressings
composed of chitosan film and minocycline hydrochloride were prepared (Aoyagi
et al., 2007). Chitosan also promotes wound and burn healing properties, enhances the
functions of inflammatory cells such as polymorphonuclear leukocytes, macrophages,
fibroblasts and it is beneficial for the large open wounds of animals.

Therefore, copolymer/chitosan matrix system could promote wound healing

and prolong drug release for wound healing interval.
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3.1 Materials

All of the AR grade chemicals and L-lactic acid from the suppliers were used

CHAPTER 111

EXPERIMENTAL

without further purification. Commercial grade solvents were distilled before use.

Chemical
L-lactic acid
Zinc powder
g-Caprolactone
1,4-Butanediol
Pentaerythritol
D-Sorbitol
Stannous(11) 2-ethylhexanoate
Ethyl acetate
Methanol
Chloroform
Dichloromethane
Tetrahydrofuran
Acetone
Ethanol
Chloroform-d
Chitosan
Acetic acid glacial 100%
Glycerin
Tetracycline hydrochloride
Phosphate buffer saline (PBS)
Nitrogen gas

Grade
Commercial grade
AR grade
AR grade
AR grade
AR grade
AR grade
AR grade
Commercial grade
Commercial grade
AR grade
Commercial grade
HPLC grade
Commercial grade
AR grade
AR grade
AR grade
AR grade
AR grade
AR grade
High purity 99.99%,

Company

Archer Daniels Midland

Merck
Aldrich
Fluka
Sigma
Aldrich
Sigma
U&v
CAL
Merck
Merck
Fischer
LBS
Merck
Merck
TMECO
Merck
J.T. Baker
Sigma
Fluka
Thai Industrial Gas
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3.2 Instruments/Equipments

Instruments/Equipments

Electronic balance

Nuclear Magnetic
Resonance Spectrometer
(NMR)

Gel Permeation
Chromatograph (GPC)

Differential Scanning
Calorimeter (DSC)

Centrifuge

Vacuum Drying Oven

Tensile tester

Micrometer

Model Company/Country

. FX180 A&D, Japan
: FX-3000

: Varian mercury-400 spectrometer ~ Varian, USA

: Waters 150-CV Waters, USA

Degas: ERC-3415a

Column: Waters Styragel HR
columns (HR 1, 3, and 4),
PL-gel 10 um

Pump: Waters 600 Controller
Refractive Index Detector:
Waters 2414

: NETZSCH DSC204F1 Phoenix Phoenix, USA

: KR-20000T Shimadzu, Japan

:DP 41 Yamato Scientific,
Japan

: 5583 Instron, USA

- Matui
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Instruments/Equipments Model Company/Country

Micropipette : Volumate Mettler Toledo
(100-1000 pl)

Rotary incubator shaker : G-25 New  Brunswick
Scientific Co., Inc.
U.S.A.

Scanning electron : JSM-5800 LV Jeol, Japan

microscope

UV-VIS - UV-160 Shimadzu, Japan

Spectrophotometer

3.3 Methodology

3.3.1 Synthesis of lactide

L-lactide synthesis was divided into two steps. The first step was to produce
low molecular weight PLLA and the second step was L-lactide ring formation by

decomposition of low molecular weight PLLA.

3.3.1.1 Synthesis of low molecular weight polylactide

(|3H3 0 CH; O
|
N HO—CG—C—OH ———» *-0—C—C—p> + -l H,0

L(+)-lactic acid LMW PLLA

Scheme 3.1 Synthesis of low molecular weight poly(L-lactide).
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N, inlet

Still head

N, outlet

Water condensed

Figure 3.1 Experimental set up for low molecular weight PLLA synthesis.

First L-lactic acid solution (150 g) was heated at 140°C for 2 hours under a dry
nitrogen atmosphere. High vacuum was applied in this step for 30 minutes to remove
water which initially presented in L-lactic acid solution and obtained from
polymerization. Later, the reaction mixture was heated to 160°C for 3 hours and no

water was condensed to obtain low molecular weight PLLA.

3.3.1.2 Ring formation of L-lactide using zinc powder as a catalyst

(6]

CH; O

2 o

*+—0—C—C * —  w» n/2
H (e}
n
(6]
LMW PLLA L -lactide

Scheme 3.2 Ring formation of L-lactide.
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Air condenser

Vacuum

L-lactide crystal

Figure 3.2 Experimental set up for L-lactide ring formation.

In this step, low molecular weight of polylactide was heated with zinc (weight
ratio of catalyst to low molecular weight polylactide is 1/100) at 160°C for
30 minutes. After that high vacuum was applied and the reaction mixture was heated
to 220-230°C until L-lactide crystal was formed. The L-lactide crystal was removed
and washed with cold de-ionized water to remove excess L-lactic acid and then
vacuum filtered. L-lactide crude was purified by dissolved in warm ethyl acetate to
remove insoluble materials and filtered. The filtrate was then heated to evaporate the
remaining ethyl acetate and precipitate white needle-like crystal of L-lactide.
L-lactide crystal was purified for 3 times and dried in vacuum oven for 24 hours
before use.

3.3.2 Synthesis of low molecular weight poly(lactide-co-caprolactone)
using stannous(11) 2-ethylhexanoate as catalyst

Low molecular weight copolymers of L-lactide (LA) and e-caprolactone (CL)

were synthesized using the following equation.
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0
0
0
. Sn(Oct), Sn(Oct),
Co-initiator * — » PLLA T O ——— Copolymer
© 145°C 145C
o}
CH,OH
OH H———OH
fey. OH———H
Co-initiator: HOL
OH HO OH H—1— OH
H———OH
OH
CH,OH
BD PTOL SB

Scheme 3.3 Polymerization of P(LA-co-CL).

All copolymerizations were prepared using alcohols with different numbers of
hydroxyl groups (1,4-butanediol (BD), pentaerythritol (PTOL) and D-sorbitol (SB))
as co-initiator by step-by-step ring opening polymerization. L-lactide and co-initiator
was added to 25 ml three-neck round bottomed flask containing a magnetic bar and
sealed with a rubber septum. The reaction was carried out at 145°C for 150 minutes
per block under a dry nitrogen atmosphere. Stannous(ll) 2-ethylhexanoate (Sn(Oct),)
in toluene was added at a 1/400 catalyst/lactone molar ratio when the monomer was
melt. When reaction was finished, e-caprolactone was added to the reaction and
process in a similar procedure. The reaction was absolutely finished when appropriate
arm length of copolymer was achieved. The crude products were dissolved in
chloroform, precipitated several times in methanol, and dried in vacuum oven at 30°C

for 24 hours. Finally, copolymer was kept under vacuum at room temperature.
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3.3.3 Copolymer characterization
The resulting copolymers were characterized by *H NMR, GPC, and DSC.

3.3.3.1 Proton nuclear magnetic resonance spectrometer
(*H NMR)

Proton (*H) nuclear magnetic resonance analysis was used to characterize
L-lactide and copolymer products. The sample was dissolved in chloroform-d
(CDCls) and vortexed until clear solution was obtained. The NMR experiment was
carried out by using Varian mercury-400 spectrometer *H NMR operating at 400
MHz. Chemical shifts (8) were reported in parts per million (ppm) relative to the

residual protonated solvent signal as a reference.
3.3.3.2 Gel permeation chromatograph (GPC)

Gel permeation chromatography (GPC) was used to determined molecular

weight of copolymer products (M and M,) and polydispersity index (PDI). The
copolymer sample (15 mg) was dissolved in tetrahydrofuran (THF) (3 ml) and filtered
by syringe filter (diameter 13 mm. 0.45 pm. nylon). GPC chromatogram of
copolymer was obtained from Waters 150-CV chromatography equipped with PL-gel
10 um mixed B 2 columns (MW resolving range = 500-10,000,000) at 35°C.
Tetrahydrofuran was used as an eluent with the flow rate of 1.0 ml/min. Degassed
THF mobile phase was passed through the column for 20 minutes before injected. The
sample volume 100 pl was injected and run for 40 minutes. Polystyrenes
(MW = 5,460-1,290,000) were used as standards for calibration. The molecular

weight was determined by a reflection index detector.
3.3.3.3 Differential scanning calorimeter (DSC)

Differential scanning calorimeter was determined by NETZSCH DSC204F1
Phoenix. Technique in which the difference in energy input into a substance and a
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reference material is measured as a function of temperature, while the substance and

reference material are subjected to a controlled temperature program.

This technique determined the physical property of semi-crystalline products.
In this research, DSC technique was used to study glass transition temperature (Tg) of
copolymer products. Copolymer was weighed in a sample pan about 10-13 mg. The
temperature was started at 20°C, heated to 160°C (heating rate 20°C/min) and
isothermal for 3 minutes. In this step, copolymer would be completely molten. Liquid
nitrogen was used to reduce temperature until -50°C (cooling rate 20°C/min) and
isothermal for 3 minutes. Some semi-crystalline copolymer were precipitated quickly
but the amorphous could not be precipitated in a short time. The sample was heated to
200°C (heating rate 20°C/min) until completely molten again. The empty pan was
used as standard calibration. The amorphous could be changed from glass-like to

rubber-like at glass transition temperature.

3.3.4 Preparation and characterization of film

3.3.4.1 Preparation of blend films

Poly(lactide-co-caprolactone) particles were prepared by the modified
spontaneous emulsification-solvent diffusion method (modified-SESD method) in
chitosan solution (Baimark et al., 2007). The chitosan solution was prepared using 1%
(v/v) acetic acid aqueous solution as the solvent. The preparation of blend film was
typically undertaken as follows. P(LA-co-CL) was dissolved in 5 ml acetone/ethanol
(4/1, viv). The P(LA-co-CL) solution was then added drop-wise into 2% chitosan
solution containing 0.5% (w/w) glycerine. This mixture was stirred at 600 rpm. The
various P(LA-co-CL)/chitosan composites were prepared, and their composite ratio
are summarized in Table 3.1. The P(LA-co-CL) particles suspended in chitosan
solution was obtained. Then, the film casting was done on a Petri dish and solvent
was removed in a fume hood over a 5 hours period. The prepared film was dried at
30°C for 72 hours and kept under vacuum at room temperature for a week before

characterization.
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Table 3.1 Composition of blend film.

Film composition _ ) b
_ Total weight (g)  Copolymer® (g)  Chitosan” (g)
(copolymer/chitosan) (w/w)

0.5 0.45 0.05
90/10

1 0.9 0.1

0.5 0.4 0.1
80/20

1 0.8 0.2

0.5 0.35 0.15
70/30

1 0.7 0.3

“amount of copolymer in 5 ml acetone/ethanol (4/1, v/v) mixture solvents.
®amount of chitosan in 2% chitosan solution (w/w).

3.3.4.2 Morphology study

The thickness of the appropriated copolymer/chitosan films was measured
with a micrometer at 5 different locations (center and 4 corners) and mean thickness

was calculated. The values were the average of 3 experiments.

Morphological characteristics were studied by scanning electron microscopy
(SEM), using an electron microscope Jeol JSM-5800 LV (Jeol LTD, Tokyo, Japan).
The prepared films were mounted on metal grids with doublesided adhesive tape and
coated with gold under high vacuum before observation. The surface morphology of
coated samples was examined by scanning electron microscopy at 10 kV. The
photographs were taken at different magnifications.

3.3.4.3 Swelling property

The swelling property of the films was examined by measuring the water
absorption content. The films were cut into 2x2 cm? and weighed before immerged in
glass bottles containing 50 ml of phosphate buffer saline (PBS) (pH 7.4) at room

temperature. At an appropriate time interval, the films were taken out, and the excess
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water was removed carefully with filter paper then weighed immediately. The average
of three measurements was plotted vs time. The degree of swelling was determined as

follows:

W W
% of swelling= W %100
0

Where W is the weight of film at time t, and W, is the weight of film at time

Zero.
3.3.5 In vitro tissue adhesion

The adhesive strength was tested by T-peel test. The adhesive strength tests
were performed in vitro using 30 pm thick polyamide (6/6 Nylon) films as substrates.
The film sample (2.5x5 cm?) was adhered to substrate and cut into 2.5x10 cm?
(Figure 3.3). The tests (T-Peel Test ASTM D 1876) were performed using an Instron
machine (model 5583) and Adhesive Failure Strength (AFS) values were determined
and reported in Newton per cm width units (N/cm width). The measurements were
performed at a 30 mm/min crosshead speed at 37°C. Each test was repeated three

times.

5cm

10cm /25 cm

A
v

Figure 3.3 T-peel specimens.
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3.3.6 In vitro tetracycline hydrochloride (TCH) release study

Drug-loaded copolymer/chitosan blend films with appropriated composition

ratio were prepared in 2.5, 5 and 10% (w/w).

3.3.6.1 Calibration curve of tetracycline hydrochloride

Twenty five mg TCH was accurately weighed and dissolved in PBS pH 7.4
into a 50 ml volumetric flask and adjusted to volume (500 ppm). The solution was

used as stock solution.

The 0.05, 0.1, 0.2, 0.3, 0.4 and 0.5 ml of stock solution was individually
pipetted into a 5 ml volumetric flask and then diluted to volume with PBS. The final

concentration of each solution was 5, 10, 20, 30, 40 and 50 ppm, respectively.

The absorbance of standard solutions was determined by UV-VIS
spectrophotometer at 276.7 nm. The PBS was used as a reference solution. Each
concentration was determined in triplicates. The absorbance and calibration curve of
TCH in PBS pH 7.4 are shown in Table C1 and Figure C1 (Appendix C),

respectively.

3.3.6.2 In vitro tetracycline hydrochloride release

The in vitro drug release of tetracycline hydrochloride was investigated. Drug
loaded polymer square films (30 mm x 30 mm x 0.1 mm, about 80 mg weight) were
cut from dry films. Each film was immersed in flask containing pH 7.4 phosphate
buffer saline (PBS) as a releasing medium (50 ml). The sealed flask were placed in an
incubator shaker at 37+1°C and shaken at a frequency of 110 rpm. At the end of the
predetermined time intervals (e.g. 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, 6, 7, 8, 10, 12 hours
and daily for 7 days or until drug release rate was constant), dissolution medium
(3 ml) were removed from each flask. An equal volume of fresh medium (3 ml) was
replaced into each dissolution flask, to maintain a constant volume of medium during
the dissolution test. Each sample solution was centrifuged and diluted to a suitable
concentration if necessary. The UV absorption was measured by UV-VIS
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spectrophotometer at 276.7 nm. All experiments were performed in triplicate. The
amount of TCH released was calculated by interpolation from a calibration curves
containing increasing concentrations of TCH. A cumulative correction was made for

the previously removed sample to determine the total amount of drug release.
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CHAPTER IV

RESULTS AND DISCUSSION

4.1 Synthesis of L-lactide

L-lactide synthesis was divided into two steps. The first step was to produce
low molecular weight PLLA. In the second step, L-lactide was produced by ring
formation from the decomposition of low molecular weight PLLA.

4.1.1 Synthesis of low molecular weight polylactide

L-lactic acid was heated until temperature reached 100°C under nitrogen
atmosphere so that water present in L-lactic solution was removed and condensed into
the condensate reservoir in Figure 4.1 (a). The temperature was maintained at
100-115°C for 2-3 hours to remove water and by product. When temperature reached
140°C, the solution was changed from white clear liquid to very light yellow liquid.
Later, the vacuum pressure was applied for 30 minutes to further remove water from

the reaction.

4.1.2 Ring formation of L-lactide using zinc powder as a catalyst

The zinc powder was added into the light yellow liquid obtained in 4.1.1 and
the reaction mixture was heated to 160°C for 30 minutes or until water was not
condensed into the condensate reservoir. Then, the temperature was increased to
220-230°C and the vacuum pressure was applied until white solid crystal of L-lactide
was formed (Figure 4.1 (b)). The L-lactide crystal was purified by recrystallization
several times from ethyl acetate. The white needle-like crystal of L-lactide was kept

under vacuum in refrigerator (Figure 4.2).
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(@) (b)

Figure 4.1 (a) Condensate reservoir and (b) white solid crystal of L-lactide.

The L-lactide crystal was characterized by *"H NMR technique. From*H NMR
spectrum in Figure Al (Appendix A), the chemical shift at 5.07 ppm was assigned for
the methine proton (-CH-CHs), and 1.66 ppm for methyl protons (-CH-CHjs).

Figure 4.2 Recrystallized L-lactide.
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4.2 Synthesis and characterization of low molecular weight poly(lactide-co-
caprolactone) using alcohols with different numbers of hydroxyl groups.

A series of low molecular weight copolymers (LMW) of L-lactide (LA) and
e-caprolactone (CL) possessing variations in arm number and arm length were
synthesized through step by step ring opening polymerization of LA and CL using
alcohols with different numbers of hydroxyl groups in the presence of Sn(Oct),. All
LMW copolymers were synthesized under nitrogen atmosphere shown in Figure 4.3
(a). After the reaction was finished, the crude copolymer turned yellowish viscous and
then became solidify at room temperature. The physical appearances of purified
LMW copolymers are shown in Table 4.1.

[ v

Figure 4.3 (a) Experimental set up for P(LA-co-CL) synthesis under nitrogen
atmosphere, (b) P(LA-co-CL) in round bottom flask and (c) purified
P(LA-co-CL).
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Table 4.1  The %yield and physical appearance of low molecular weight copolymers

prepared by using alcohols with different numbers of hydroxyl groups.

Copolymer Co-initiator %yield Physical appearance

Similar arm length

CO-BD 1,4-Butanediol 75.67£3.74 White solid
CO-PTOL Pentaerythritol 77.44+2.68 White solid
CO-SB D-sorbitol 62.246.62 White solid

Similar molecular weight (~10,000 g/mol)

CO-BD (10,000) 1,4-Butanediol 68.28+8.36 White solid
CO-PTOL (10,000) Pentaerythritol 77.84+4.13 Yellowish solid
CO-SB (10,000) D-sorbitol 65.15+8.06 Yellowish viscous

The structure of the copolymers obtained depended on the functionality of the
alcohol used as the co-initiator. Difunctional alcohols yielded linear copolymers,
while alcohols with OH functionalities higher than 2 gave branched and star-shaped
copolymers.

In this research, variations in the number of arms were obtained through
utilization of 1,4-butanediol (BD), pentaerythritol (PTOL) and D-sorbitol (SB) to
obtain linear, four and six-arm, star-shaped, P(LA-co-CL)s respectively. The similar
arm length and molecular weight of copolymer was copolymerized (Figure 4.4).
By controlling the monomer to co-initiator molar ratio, the difference in arm length
and molecular weight could be achieved. Copolymers with similar arm length have 24
LA unit and 4 CL unit. Whereas copolymers with similar molecular weight
(10,000 g/mol), arm length decreased when OH groups of co-initiator increased. The
resulting copolymers were characterized by *H NMR, GPC and DSC.
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R CH,OH
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Co-initiator: HOL N OH———H
OH HO OH
H————OH
H————OH
OH
CH,OH
BD PTOL SB

(b) Similar molecular weight (~10,000 g/mol)

N
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H——OR" \R/
R"O—1—H
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L-lactide unit (@), e-caprolactone unit ()

Figure 4.4 Structures of (a) similar arm length and (b) similar molecular weight

copolymers.
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4.2.1 Proton nuclear magnetic resonance spectroscopy (‘*H NMR) analysis

Characterization of the P(LA-co-CL)s with 'H NMR spectroscopy was
performed. 'H NMR analysis was used to characterize the copolymer compositions.
The example of *"H NMR spectrum of two-arm or linear P(LA-co-CL) is shown in
Figure 4.5. The signal of the methine proton (-CH-CHgs, a) of PLLA repeat unit is at
5.20 ppm. The methine proton (-CH-OH, b) of the chain end unit is at 4.35 ppm. The
methylene protons of PCL repeat unit are at 4.00-4.20 and 2.23-2.41 ppm (-CH»-O-, ¢
and -CH»-COOQO-, d respectively). The methyl group (-CH-CHs, €) of PLLA repeat unit
and the methylene protons (-CH,-CH,-, f and g) of PCL repeat unit are at 1.37-1.70
ppm. Similarly, copolymerization of LA and CL with PTOL and SB afforded well-
defined four, six-arm, star-shaped P(LA-co-CL). The four and six-arm, star-shaped
copolymer showed the typical proton signals of the P(LA-co-CL) main chain as
found in two-arm (Figures A3-A7, Appendix A).

From *H NMR results, monomer ratio, arm length, number of hydroxyl group
and molecular weight could be calculated from integral peak (Korhonen et al., 2001).
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e, f, g

Figure 4.5 'H NMR spectrum of P(LA-co-CL) prepared by using 1,4-butanediol
as co-initiator (CO-BD).
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Monomer ratio

The chemical composition of P(LA-co-CL) was determined from the *H NMR

spectrum in two methods by calculating:

1) The ratio of the integral peak areas corresponding to the lactoyl
(L, repeating units of PLLA, a) methine protons at 5.20 ppm and the

other peak.
I_() """" A
& ' o)
1 a A
0] RO )ﬁ 0]

10(CH,CH,CH,CH,CH,) H 1(CH) H
3(CH3) H
Total 10 H 4 H

T = Total of integral peak
A = Peak integral of interested monomer

x = Mole fraction of interested monomer

T = 4x+10(1-x)

X _ X
4x+10(1-x)  10-6x

A—
==

_ 10(7)

= 1)
1+6(2)
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2) The ratio of the integral peak areas corresponding to the lactoyl (L,
repeating units of PLLA, a) methine protons at 5.20 ppm and the CL
methylene protons at 4.00-4.20 ppm (CL, repeating units of PCL, c).

a
Mole fraction of lactoyl = — 2
a+c

Example of CO-BD (Figure 4.5)
From equation (1)

A 18.4 184 0197
T 18.4+2.3+2.0+70.7 93.4

.= 10(0.197) _ 0.90
©1+6(0.197)
1-x=10.10
Mole fraction of L and CL is 0.9 and 0.1 respectively. #

From equation (2)

Mole fracti fItI—a _ 184 =0.89
ole fraction of lactoyl = —— = -=——>—= =0.
Mole fraction of L and CL is 0.89 and 0.11 respectively. #

From the peak area integrations, the copolymer composition can be

determined as showed in Table 4.2.

It was observed that the composition, the LA to CL ratio of the copolymer
obtained was lower than the calculated theoretical values (Table 4.2). Besides, it was
found that only trace amounts of moisture affected the molecular weight and

composition of the copolymer.
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According to above method, the copolymer composition was calculated in
different method. However, the composition that calculated in two different methods
was corresponded to the LA and CL mole ratio. Therefore, average chain length and
initiating OH were calculated via the ratio of the integral peak areas of LA and CL

unit.

Average chain length and initiating OH

Average lactide chain lengths were calculated by comparing the peak integrals
of chain methine protons of LA (a, 5.20 ppm) with those of methine proton next to
the terminal hydroxyl group (b, 4.35 ppm). This gives the chain length in lactide units

as presented in Equation (3).

i a+b
LA Chain length = b 3)

Average caprolactone chain lengths were calculated by similar equation with
the peak integrals of methylene protons of PCL repeat unit (c, 4.00-4.20 ppm).

C
CL Chain length = b 4)
The average of hydroxyl groups in the co-initiator that take part in the

polymerization process was determined by comparing the theoretical chain length
with the chain length determined by *H NMR as in Equation (5).

theoretical chain length
chain length determined by ‘H NMR

Initiating OH= xfunctionality  (5)
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Example of CO-BD (continued)
From equation (3), (4) and (5)

atb  18.4+0.4

2b ~ 2(0.4) =235

LA Chain length =

2.3
CL Chain length = ﬁ=5'75

theoretical chain length

Initiating OH = chain length determined by "H NMR

xfunctionality

B 24+4 % = 28 w2 = 101
© 2354575 ° 2925 °

Linear P(LA-co-CL) (CO-BD) had a theoretical chain length of 24 LA unit
and 4 CL unit, whereas the chain length determined by *"H NMR was 23.5 and 5.75
respectively. The result corresponds to value of 1.91 as the average number of OH
groups initiating polymerization. This is also similar to four-arm P(LA-co-CL) (Table
4.2). Whereas the initiating OH of six-arm P(LA-co-CL) using D-sorbitol as
co-initiator, that determined by '"H NMR, was greater than the theoretical value.
Probably, the difference between the calculated and theoretical values is due to the
lower activity of the secondary OH groups. However, the calculated values were
considerably greater than 2, which would correspond to the primary OH groups
(Korhonen et al., 2001).
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Table 4.2 Composition of low molecular weight copolymers prepared by using alcohols with different numbers of hydroxyl groups.

Mole fraction Average chain length No. of OH gr.

Copolymer ~ Arms Theory® '"H NMR Theory? TH NMR

- - Theory 'HNMR

1> cL L cL L CcL LA CL Total LA CL Total
CO-BD 2 0.92 0.08 0.90 0.10 0.89 0.11 24 4 28 2350 5.75 29.25 2 191
CO-PTOL 4 0.92 0.08 0.90 0.10 0.91 0.09 24 4 28 23.25 4.75 28.00 4 4.00
CO-SB 6 0.92 0.08 0.88 0.12 0.90 0.10 24 4 28 29.67 6.33 36.00 6 4.67
CO-BD
(10,000) 2 0.94 0.06 094 006 095 005 33 4 37 35.17 3.64 38.83 2 1.91
CO-PTOL
(10,000) 4 0.88 0.12 0.87 0.13 0.89 0.11 15 4 19 1425 3.33 17.58 4 4.32
CO-SB
(10,000) 6 0.82 0.18 0.82 0.18 0.79 0.21 9 4 13 12.67 6.50 19.17 6 4.07

*feed mol ratio of LA and CL, "L = Lactoyl unit, “determined by *H NMR (eq. (1)) and “determined by *H NMR (eq. (2)).
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4.2.2 Gel permeation chromatography (GPC) analysis

The Mw, M, and PDI of P(LA-co-CL)s obtained from GPC are shown in
Table 4.3 and the chromatogram is shown in Figures A8-Al3 (Appendix A).
Copolymers were synthesized by using alcohols with different numbers of hydroxyl
groups with the similar chain length and similar molecular weight. It was observed

that copolymer with similar chain length, increasing the number of OH increased the

molecular weight of copolymer. For copolymer initiated with SB, the M closely
corresponded to the theoretical values. For copolymer initiated with BD and PTOL,
the differences between theoretical molecular weight and GPC results were much

smaller.

Excellent agreement existed between the *H NMR and GPC, and the M was
in agreement with the targeted molecular weight. The PDI for the linear and four-arm,
star-shaped P(LA-co-CL) were narrow while the PDI for the six-arm, star-shaped
P(LA-co-CL)s were relatively broad. It can be attributed to increased steric hindrance

with increasing arm molar mass, number of arms and transesterification reactions.

From 'H NMR and GPC, this copolymer composition is similar to the LA and
CL feed mole ratio. Therefore, the synthesized reaction was taken to near-quantitative

conversion.
4.2.3 Differential scanning calorimetry (DSC) analysis

The glass transition temperature (T4) of copolymer was measured by DSC.
The chromatograms are shown in Figures A14-A20. It is expected that the Ty of
synthesized copolymers could be between 20-25°C that so the viscosity of the
copolymer could have changed such the temperature; therefore, at body temperature
the copolymer adhesive could hold the injured tissue together. According to the
thermal properties of homopolymer, PLLA is about 37% crystalline, with a melting
point of 175-178°C and a glass transition temperature of 60-65°C. Whereas PCL is a
semicrystalline polymer with a melting point of 59-64°C and a glass transition
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temperature of -60°C (Younes et al., 2004). Therefore, Ty was decreased with the
incorporation of caprolactone molecules into the chains of lactide.

The Ty of copolymers are shown in Table 4.3. It was found that the T4 of
copolymers change with the copolymers composition. With increase of LA/CL ratio,
the T4 of copolymer increased from 10.8 to 31.6°C. Copolymers with similar arm
length (24/4, LA/CL), T4 of copolymers using BD, PTOL and SB was observed
nearly at 21.4, 22.8 and 25.9°C respectively. Whereas copolymers with similar weight
(~10,000 g/mol), in case of copolymers with the presence of BD and SB as
co-initiator (CO-BD (10,000) and CO-SB (10,000) respectively), T4 was observed at
31.6°C and 10.8°C. The T4 of CO-BD (10,000) is higher than appropriate temperature
interval due to high LA/CL ratio and the T4 of CO-SB (10,000) is lower than
appropriate temperature interval because of low LA/CL ratio. Therefore the Ty of
copolymer increased when the LA/CL ratio increased

Table 4.3 Characterization of low molecular weight copolymers prepared by

using alcohols with different numbers of hydroxyl groups.

Molecular weight GPC T4 (°C)
Copolymer . — __ ——
Theory* “H NMR Mn My PDI  Onset Midpoint
CO-BD 7914 7824 6169 8006 1.3 214 23.9

CO-PTOL 15784 15694 11645 14895 1.28 22.8 255

CO-SB 23654 23487 13041 18248 14 259 297
CO-BD

10506 10537 9870 11295 1.14 316  35.9
(10,000)
CO-PTOL

10600 10648 8657 10080 1.16 206  24.5
(10,000)
CO-SB

10694 10621 7409 10252 1.38 108 157
(10,000)

®Feed mole ratio.
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4.3 Preparation and characterization of blend film

Poly(lactide-co-caprolactone)/chitosan blend films were prepared followed
the modified spontaneous emulsification-solvent diffusion method (modified-SESD
method) at different film composition (Table 3.1). Using this method, the particles
dispersed in chitosan matrix could be prepared (Baimark et al.,, 2007). The
appearances of films are shown in Table 4.4 and Figure 4.6. The presence of chitosan
in the film helped improve the flexibility of the films since the chitosan is highly
flexible. It was found that the appropriate composition was 70/30
(copolymer/chitosan, w/w).

Table 4.4 The appearance of blend films.

Film composition Total weight (g)
(copolymer/chitosan) (w/w) 0.5 1.0

90/10 - -

80/20 + -

70/30 + +

- Film does not form.
+ Film forms but could be not peeled out from Petri dish.
+ Film forms and could be peeled out from Petri dish.
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Total weight: 0.5¢ 109

(2) 70/30 (CO-BD/CH)
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(b) 80/20 (CO-BD/CH)

Figure 4.6 The photograph of film with various compositions
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4.3.1 Morphology study

The thickness of the chitosan and blend film was determined by micrometer. It

was found to be in the range of 0.10-0.15 mm.

Scanning electron microscopy (SEM) was used to directly investigate the
structure of the copolymer/chitosan blends. The SEM micrographs of the surface and
cross section of 70/30 (w/w) copolymer/chitosan blend films are shown in Figures 4.7
and 4.8, respectively.

Similar morphology was observed in all blend films. It is observed that the
surfaces of blend films were rougher and more opaque than those of chitosan film
(Figure 4.7). The diameters of pores observed on the film surface were ranging from
0.5-1 pm. The particle sizes were approximately ranging from 0.2-1 pm with
spherical shape. TCH loaded blend film was prepared. The embryonic copolymer
microspheres TCH have been formed and entrapped in the chitosan matrix. TCH was
incorporated in copolymer hole and partially dissolved in chitosan matrix. TCH seems
to show no affect on film morphology (Figure 4.7 (g)).

Looking at the film cross section, it can be seen that the copolymer particles
dispersed into chitosan matrix (Figure 4.8 (a) and (b)). The cross-section micrographs
in Figure 4.8 (a) showed that the incorporation of TCH gave higher porosity inside
the film. As the results of ionic interactions between the NH," groups of chitosan and
the COO" of TCH, the strong network was formed when drug was incorporated in
blend film.

When the blend film was prepared, morphology of film was changed with the
increasing time. Figure 4.9 shows the blend film after preparation for approximately
1 month.
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(a) CO-BD/Chitosan

(b) CO-PTOL/Chitosan

(c) CO-SB/Chitosan

(d) CO-BD (10,000)/Chitosan
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Figure 4.7 Scanning electron micrographs of the blend films surface (x1000 and

x10,000).
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(e) CO-PTOL (10,000)/Chitosan

(f) CO-SB (10,000)/Chitosan

(g) CO-PTOL/Chitosan with TCH

Figure 4.7 (Continued) Scanning electron micrographs of the blend films surface
(x1000 and x10,000).
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(a) (b)

Figure 4.8 Scanning electron micrographs (cross section) of the blend films with
and without TCH ((a) and (b) respectively).

Figure 4.9 Scanning electron micrographs of the blend films surface (x10000)

after preparation for about 1 month.
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4.3.2 Swelling property

The degree of swelling of film in PBS is demonstrated in Figure 4.10 and
Table B1 (Appendix B). It was found that chitosan film exhibited the highest degree
of swelling and 30/70 copolymer/chitosan blend film exhibited next below its. The
swelling behaviors of the 70/30 copolymer/chitosan blend films in this dissolution
system were not significantly different. This is due to the copolymer showed less
swelling behavior in this medium. The degrees of swelling capacity are ranging from
200-300%. In blend films, the swelling capability of chitosan decreases due to the
hydrophobic effect of the copolymer matrices. This is because the water cannot
penetrate well into the hydrophobic copolymer.

Swelling behavior was mainly dependent on film structure and composition
(Perugini et al., 2003). Films casted without the presence of copolymer showed higher
degree of swelling capacity. Since the chitosan chains were flexible creating more
space for water within the matrix. This indicates that chitosan structure is becoming

mechanically very fragile and easily fractured.
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o
S 600 - — o
o
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|
> 300
> CO-PTOL(10,000)/CH
©

CO-SB(10,000)/CH

£ 200
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100

O // 1
0 2 4 6 24
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Figure 4.10 Swelling behavior of various ratios of copolymer/chitosan films in PBS.
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4.4 In vitro tissue adhesion

Adhesive property depended on lactide component and chain entanglement
(Cohn et al., 2004). Therefore, it is expected that structure of copolymer might have
some effect on adhesive strength. Copolymers that have different arm length and

number of arm were synthesized.

Adhesive failure strength (AFS) of blend films is shown in Table 4.5. It is

shown that, Film B has maximum AFS while Film D has minimum AFS.

Films A to C are copolymers which similar arm length but different in number
of arm blended with chitosan. Adhesive strength increased when number of arm
increased. Blend film with the presence of CO-PTOL and CO-SB (Film B and C
respectively) represented similar AFS values. This was probably due to the effect of
the lower initiating OH (~4 OH) as observed in CO-SB. However, AFS of Film B and
C were higher than those of Film A with the presence of CO-BD (linear copolymer).
Films D to F are blend films with similar molecular weight. It was found that Film D
(CO-BD (10,000)/CH) has the lowest AFS because of high T, (Table 4.3).
CO-BD (10,000) could not change the viscosity with the body temperature. When
comparing Film B with Film E, it was indicated that blend film with the presence of
the longer arm length copolymer contained the higher AFS value.

Table 4.5 Adhesive failure strength (AFS) of blend films.

_ Adhesive failure strength (AFS)®
Film copolymer

(N/cm width)
A CO-BD 0.325+0.006
B CO-PTOL 2.417+0.025
C CO-SB 2.249+0.035
D CO-BD (10,000) 0.049+0.008
E CO-PTOL (10,000) 1.764+0.025
F CO-SB (10,000) 1.582+0.017

8Each value is mean+SD of three determinations.
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All above mentioned, Film B (CO-PTOL/CH) give the highest AFS, therefore
it is the most suitable copolymer/chitosan blend film for using in the further in vitro
tetracycline drug release.

4.5 In vitro tetracycline hydrochloride release study
In this research, tetracycline hydrochloride was used as model drug release.
The percentage of drug content of tetracycline hydrochloride (TCH) was presented in

Table 4.6.

Table 4.6 The percentage of drug content.

Formulation Blend film Theoretical drug loading (Yow/w)
A CH 5
B CO-PTOL/CH 2.5
C CO-PTOL/CH 5
D CO-PTOL/CH 10
E CO-PTOL (10,000)/CH 5

Tetracycline hydrochloride was loaded in the control chitosan and blend films
to investigate the drug release profile. Drug release systems containing TCH was
designed to modulate the rate desorption resulting in smaller dosages and less
frequent administration (Pataro et al., 2003). The dissolution profiles of TCH were
present in as graphs to explain and understand the drug released behavior from the
films. The dissolution and release rate data of each formulation are given in Tables
D1-D5 (Appendix D).

The release studies of TCH from Formulations A to E (Table 4.6) were
evaluated in PBS pH 7.4 at 37°C. These dissolution profiles and release rate profiles
are shown in Figures 4.11 to 4.13.
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4.5.1 Effect of TCH content on the dissolution profiles

The TCH content in copolymer/chitosan film was important for the releasing
profiles. Thus, the various TCH contents were studied. The TCH were varied from
2.5, 5 and 10% (w/w), Formulations B to D are presented in Table 4.6. The
dissolution profiles and release profiles of TCH in various drug contents are present in

Figures 4.11-4.12, Table 4.7 respectively.

The release profiles of Formulation B, C and D are similar. The drug is rapidly
released at the first time interval. In initial period, the percentage of drug release of
the Formulation B, C and D were 63.41, 38.62 and 29.47% respectively. The increase
in drug content increases the amount of drug close to the surface as well as the drug in
the matrix (Budhian et al., 2007). The drug released during initial period is
predominantly the drug located close to the surface. In our system, the decrease in
initial drug release in increasing the drug content probably happens due to uneven
drug distribution inside the films. On increasing the drug content, the marginal
increase in this surface-associated drug is less as compared to the marginal increase in
the total drug. Hence, the initial burst given as a %drug release decreases on
increasing the drug content.

At the 7" day, the dissolution percentage of the Formulation B, C and D were
86.84, 84.08 and 89.09%, respectively. The release pattern of B, C and D is not so
different because the higher percentage of TCH content probably affected the lower
swelling ratio of the film. Therefore, lower swelling films produced less drug release
percentage. The increase in drug content in the blend film influenced the absolute
release profiles such that both, the cumulative amount of drug released at any time
and the induction period increases (Budhian et al., 2007) (Figure 4.12). It was
indicated that the amount of drug release from the blend films increased with the

increase in drug loading.
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Figure 4.11 The dissolution profiles of TCH from the blend films with various drug

loading contents in 7 days interval in PBS pH 7.4 at 37°C.
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Figure 4.12 The amount of drug released profiles of TCH from the blend films with

various drug loading contents in PBS pH 7.4 at 37°C.
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In Table 4.7, Formulation D exhibited the highest rate of release value (989.63
pg/cm?h) and that Formulation B showed the least value of drug release (544.44
pg/cm?h) at first 15 minutes. TCH was released slowly until equilibrium in all

formulations.

Table 4.7 The release rate of TCH from the blend films with various drug
loading contents in PBS pH 7.4 at 37°C.

Release rate (pg/cm?h)

Time interval

FORM B FORM C FORM D
(2.5% TCH) (5% TCH) (10% TCH)
0 — 15 min. 544.44 687.65 989.63
15 min. - 3 h. 10.73 59.77 162.21
3 h. to equilibrium 1.99 4.42 8.23

4.5.2 Effect of the molecular weight of copolymer in matrixes on the

dissolution profiles

The next parameter to be considered is the copolymer with different molecular
weight. In this study, the %TCH was maintained at 5% (w/w).

The dissolution profiles and the release rate of the various copolymers in

chitosan are illustrated in Figure 4.13 and Table 4.8 respectively.

Formulation A, chitosan film (5% TCH), gave the highest percentage of
release of TCH (98.28%) over 7 days whereas Formulation C and E released the
lower amount of drug at 84.08 and 74.13%. This result is consistent with the swelling
property. The degree of swelling capacity of the chitosan film was 718.28 which was
higher than 309.35 and 202.17 of the CO-PTOL/CH and CO-PTOL/CH (10,000)


http://www.pdffactory.com
http://www.pdffactory.com

65

blend film respectively, at over 24 hours. Consequently, the drug could diffuse out

from the film more easily.
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Figure 4.13 The dissolution profiles of TCH from the 5% drug-loaded films with
various copolymers in 7 days interval in PBS pH 7.4 at 37°C.

Analysis of the data in Figure 4.13 and Table 4.8 indicated that among the
formulations with the various copolymers in chitosan, Formulation C and E with the
presence of CO-PTOL and CO-PTOL (10,000) respectively exhibited a significant

decrease in release rate when compared with Formulation A.

It was seen that copolymer could help slowing the release rate. Formulation D
showed the lowest rate of release value (687.65 pg/cm*h) at first 15 minutes. TCH
was released slowly until equilibrium in all formulations. This may be attributed to
arm length of CO-PTOL is longer than CO-PTOL (10,000). Therefore CO-PTOL

could collect more TCH in copolymer hole.

The drug release profiles of the films demonstrated that all the films had rapid
initial release rate, probably due to the drug release from the surface region of the

films similar to the previous experiments.
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Table 4.8 The release rate of TCH from the 5% drug-loaded films with various
copolymers in PBS pH 7.4 at 37°C.

Release rate (pg/cm?h)

Time interval FORM A FORM C FORM E
(CH) (CO-PTOL/CH)  (CO-PTOL (10,000)/CH)
0 - 15 min. 1100.99 687.65 1002.22
15 min. - 3 h. 28.75 59.77 21.78
3 h. to equilibrium 3.98 4.42 4.87

Formulation C could sustain release the TCH within 7 days with high %drug
release (84.08%).

Release profile from blend film was compared to a commercially available
drug delivery system. Actisite® (Alza Corporation, Palo Alto, CA), poly(ethylene-co-
vinyl acetate) containing 25% TCH, is the commercial TCH controlled release
device. In general, the initial rate of release of Formulation C and Actisite® are high
during the first time due to release of drug sequestered on the sample surfaces. It is
interesting that the %TCH released after 5 days from Formulation C was about
83.55% that was higher than that released from Actisite (~ 30%) (Kenawy et al.,
2002).
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Table 4.9 Comparison of Formulation C with other drug delivery device.

Drug release o ) Device Degradation
) Description of Device )
device Time

Formulation C | 5% (w/w) TCH in CO-PTOL/Chitosan Blend film can degrade
blend film. after removed.

Actisite® 25% (w/w) TCH in ethylene vinyl The fibers do not
acetate co-polymer (45% (w/w) vinyl degrade, but must be
acetate) periodontal monofilament fiber.  removed after 10 days.
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CHAPTER V

CONCLUSIONS AND SUGGESTION

5.1 Conclusions

L-lactide was obtained from synthesis of low molecular weight PLLA
followed by ring formation of low molecular weight PLLA. L-lactide, that was
recrytallized ethyl acetate, was copolymerized with e-caprolactone using alcohols
with different numbers of hydroxyl groups as co-initiator in the presence of Sn(Oct)s.
Two series of low molecular weight copolymers with similar arm length and

molecular weight were synthesized and characterized.

From 'H NMR results, all copolymers contain LA/CL mole fraction close to
expected mole ratio. However initiating OH of six-arm copolymers, with SB as
co-initiator, was lower than theoretical OH. The M, M, and PDI of copolymers were
determined. It was found that PDI of the linear and four-arm, star-shaped copolymers
was narrow while relatively broad for the six-arm, star-shaped copolymer. The
molecular weight was close to targeted value. Moreover, DSC results showed that
CO-BD, CO-PTOL, CO-SB and CO-PTOL (10,000) provided preferable Tyat 21.4,
22.8, 25.9 and 20.6 °C respectively. From above analyses, it can be concluded that SB
is not suitable to be used as co-initiator in copolymerization of copolymer as tissue

adhesive and drug release system.

During film preparation, copolymer was incorporated into chitosan by the
modified spontaneous emulsification-solvent diffusion method. The suitable ratio of
blend film was 70/30 copolymer to chitosan (w/w). Copolymer particles were
dispersed in chitosan matrix which was observed from SEM micrographs. In addition,
unexpected pores were observed in blend films. The pores and pore size were
increased with the increasing time. Adhesive strength of blend films was investigated
by T-peel test. CO-PTOL/CH film (Film B) has the highest adhesive strength while
the lowest adhesive strength was found in CO-BD (10,000)/CH (Film D) due to high
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Ty. Due to high adhesive strength, Film B is the most suitable copolymer/chitosan

blend film for using as tissue adhesive.

The tetracycline hydrochloride (TCH) release from the blend film was
investigated in PBS at 37°C. Drug release system containing TCH was designed to
modulate the desorption rate resulting in smaller dosages and less frequent
application. In general, the mechanism of drug release from copolymer/chitosan film
can be explained by diffusion when film is swelling. At various drug loading
(Formulations B to D), the similar dissolution profiles were observed. However, the
Formulation C can sustain the release of TCH within 7 days compared with chitosan
film which was consistent with swelling behavior. Furthermore, Formulation C could
release drug with high %drug release (84.08%). Therefore, it is the most suitable TCH

drug release system.

5.2 Suggestion for future work

For further study, polymer matrix should be prepared using different methods
including multilayer film, bead or film forming solution to improve adhesive property
and drug controlled release. Moreover, the study on wound healing with the
utilization of the combination of various drugs in the same drug release system should

be employed.
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'H NMR SPECTRUM, GPC AND DSC
CHROMATOGRAM
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'H NMR spectrum

Figure A1 'H NMR spectrum of L-lactide.
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Figure A2 *H NMR spectrum of P(LA-co-CL) prepared by using 1,4-butanediol

as co-initiator with similar arm length.
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Figure A3 *H NMR spectrum of P(LA-co-CL) prepared by using pentaerythritol

as co-initiator with similar arm length.
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Figure A4 *H NMR spectrum of P(LA-co-CL) prepared by using D-sorbitol as

co-initiator with similar arm length.
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Figure A5 *H NMR spectrum of P(LA-co-CL) prepared by using 1,4-butanediol

as co-initiator with similar molecular weight.
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Figure A6 'H NMR spectrum of P(LA-co-CL) prepared by using pentaerythritol

as co-initiator with similar molecular weight.
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Figure A7 'H NMR spectrum of P(LA-co-CL) prepared by using D-sorbitol as

co-initiator with similar molecular weight.
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GPC chromatogram

Figure A8 The chromatogram of P(LA-co-CL) prepared by using 1,4-butanediol

as co-initiator with similar arm length.

Figure A9 The chromatogram of P(LA-co-CL) prepared by using pentaerytritol as

co-initiator with similar arm length.
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Figure A10 The chromatogram of P(LA-co-CL) prepared by using D-sorbitol as

co-initiator with similar arm length.

Figure A11 The chromatogram of P(LA-co-CL) prepared by using 1,4-butanediol

as co-initiator with similar molecular weight.
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Figure A12 The chromatogram of P(LA-co-CL) prepared by using pentaerythritol

as co-initiator with similar molecular weight.

Figure A13 The chromatogram of P(LA-co-CL) prepared by using D-sorbitol as

co-initiator with similar molecular weight.
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Figure A1l4 DSC chromatogram of P(LA-co-CL) prepared by using 1,4-butanediol

as co-initiator with similar arm length.
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Figure A15

DSC chromatogram of P(LA-co-CL) prepared by using pentaerytritol

as co-initiator with similar arm length.
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Figure A16 DSC chromatogram of P(LA-co-CL) prepared by using D-sorbitol as

co-initiator with similar arm length.
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Figure A17 DSC chromatogram of P(LA-co-CL) prepared by using 1,4-butanediol

as co-initiator with similar molecular weight.
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Figure A18 DSC chromatogram of P(LA-co-CL) prepared by using pentaerythritol

as co-initiator with similar molecular weight.
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co-initiator with similar molecular weight.


http://www.pdffactory.com
http://www.pdffactory.com

APPENDIX B

THE DEGREE OF SWELLING

90


http://www.pdffactory.com
http://www.pdffactory.com

Table B1 The swelling percent of blend films in phosphate buffer saline (pH 7.4).

Time (hour) CH CO-BD/CH CO-PTOL/CH CO-SB/CH
degree of swelling + SD | degree of swelling+ SD | degree of swelling+ SD | degree of swelling+ SD
0 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
0.08 - 185.69+5.64 153.9349.96 155.4046.05
0.17 - 197.65+1.12 238.05+12.19 201.78+16.57
0.25 464.83+9.21 208.60+3.60 267.48+9.87 212.08+15.30
0.50 571.67+11.56 209.22+9.65 277.83+5.43 226.44+25.53
0.75 618.83+6.58 210.84+11.91 280.43+5.74 225.63+19.26
1 649.29+7.23 224.64+17.84 285.50+9.47 227.90+18.75
1.5 680.00+9.16 - - -
2 702.06+1.39 226.88+23.02 294.17+14.76 228.76+24.23
3 709.86+10.05 228.62+24.65 297.73+12.71 231.76+24.60
4 710.49+6.03 241.94+13.28 301.00+13.31 232.50+25.98
5 711.18+14.23 243.44+10.52 304.30+13.75 232.11+25.58
6 715.38+11.15 243.34+12.11 306.55+14.26 234.78+23.34
24 718.28+11.04 251.68+13.54 309.35+14.02 237.22+22.83
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Table B1 (continued) The swelling percent of blend films in phosphate buffer saline (pH 7.4).

Time (hour) CO-BD (10,000)/CH | CO-PTOL (10,000)/CH | CO-SB (10,000)/CH | CO-PTOL/CH (30/70)
degree of swelling + SD | degree of swelling+ SD | degree of swelling+ SD | degree of swelling+ SD
0 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

0.08 216.80+9.30 133.08+5.49 139.36+8.42 284.32+27.29
0.17 266.95+6.68 167.00+7.99 162.89+10.82 320.96+19.67
0.25 273.37+6.73 165.47+3.53 166.25+4.30 341.39+7.20
0.50 301.95+17.63 190.79+6.96 178.52+5.81 376.47+10.59
0.75 310.91+23.28 187.76+7.22 174.61+2.98 447.26%9.05
1 308.93+23.95 194.64+3.61 183.19+4.62 479.29+11.34
2 311.63+28.97 197.00+0.24 187.33+6.95 495.89+11.00
3 311.16+26.26 197.01+3.53 188.87+9.09 499.04+7.18
4 312.31+26.76 200.25+9.40 190.3548.31 499.99+3.02
5 312.97+27.82 200.03+8.41 194.10+7.27 496.73+3.93
6 316.78+29.93 197.24+7.08 193.40+6.95 495.87+1.82
24 319.87+31.11 202.17+7.20 196.83+6.60 499.26+3.22
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CALIBRATION CURVE OF TETRACYCLINE
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Calibration curve of tetracycline hydrochloride
The concentration versus absorbance of tetracycline hydrochloride in
phosphate buffer saline pH 7.4 at 276.7 nm is presented in Table C1. The standard

curve of tetracycline hydrochloride in these solution media is illustrated in Figure C1.

Table C1 Absorbance of tetracycline hydrochloride in PBS at 276.7 nm.

Concentration (ppm) Absorbance
5 0.168
10 0.338
20 0.661
30 0.973
40 1.270
50 1.535
1.8 -
1.6 - y = 0.0305x + 0.0353
Rz =0.9986
1.4 -
o 121
g 1
=
g 0.8 -
0.6 -
0.4 -
0.2 -
0 . . ;
0 10 20 30 40 50 60
Concentration (ppm)

Figure C1 Calibration curve of tetracycline hydrochloride in PBS at 276.7nm.
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Table D1 Percentage of TCH from blend film (Formulation B) in PBS at 37°C.

Time (hour) %drug release ng/cm’

0 0.00£0.00 0.00£0.00
0.25 63.41+1.35 136.11+0.49
0.5 67.35+1.22 144.59+0.48
0.75 69.51+0.64 149.25+£3.93

1 71.01+1.04 152.47+3.89
15 72.72+1.09 156.15+4.12

2 74.52+0.34 160.02+£3.55
2.5 75.68%0.24 162.50£3.35

3 77.13+0.68 165.62+4.14
3.5 77.09+1.04 165.55+5.01

4 77.67+1.01 166.80+4.98
4.5 78.55+0.95 168.67+4.69

5 79.17+2.56 170.05+8.15

6 79.90+1.29 171.59+5.74

7 80.46+1.23 172.78+5.04

8 80.50+0.94 172.85+4.35

9 81.83+1.05 175.72+5.22
10 83.06+0.70 178.35%+4.18
11 82.94+1.22 178.09+4.76
12 83.16+1.57 178.59+£5.90
24 84.68+0.76 181.83£3.61
48 85.08+0.23 182.68+£3.57
72 85.53+0.38 183.65+3.43
96.5 86.52+0.59 185.76£2.03
120 86.95+1.70 186.66%2.58
144 87.02+2.02 186.79£1.65

168.5 86.841.35 186.42+1.73
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Table D2 Percentage of TCH from blend film (Formulation C) in PBS at 37°C.

Time (hour) %drug release ug/cm?

0 0.00£0.00 0.00£0.00
0.25 38.62+1.69 171.91+£10.10
0.5 52.45+1.51 233.46+10.88
0.75 58.31+2.57 259.26+3.58

1 64.31+0.85 286.17+8.31
15 70.25+1.22 312.68+12.94

2 73.70+£2.52 327.96+13.92
2.5 75.31+1.45 335.151+1.92

3 75.57+1.43 336.271+0.43
3.5 76.34+1.98 339.58+6.34

4 76.89+1.42 342.05+5.16
4.5 77.650.72 345.52+47.41

5 78.59+1.56 349.60+4.26

6 78.58+1.85 349.54+4.40

7 78.75+1.31 350.36+5.52

8 80.19+3.14 356.62+4.92

9 80.04+1.93 356.02+3.44
10 80.39+1.75 357.61+£3.11
11 80.95+1.62 360.13+5.93
12 81.11+1.56 360.84+6.17
24 82.25+1.89 366.01+12.31
48 82.97+1.93 369.26+14.67
72 83.31+1.76 370.74+13.61
96.5 83.49+1.13 371.54+£11.87
120 83.55+1.50 371.81+£11.92
144 83.80+1.58 372.92+11.84
168.5 84.08+1.69 374.13+11.26
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Table D3 Percentage of TCH from blend film (Formulation D) in PBS at 37°C.

Time (hour) %drug release ug/cm?
0 0.00£0.00 0.00£0.00

0.25 29.47+0.56 247.41+£2.80
0.5 46.31+0.62 388.73+2.57
0.75 53.74+0.88 451.17+4.14
1 58.27+0.70 489.15+3.76
15 67.21+0.88 564.21+4.19
2 75.33+0.66 632.43+7.15
2.5 80.59+0.64 676.55+4.44
3 82.61+1.53 693.49+7.47
3.5 83.66+0.64 702.3245.14
4 83.89+0.75 704.27+7.26
4.5 84.65+1.40 710.68+11.35
5 84.95+1.39 713.20+£11.43
6 85.55+2.04 718.17+£14.63
7 85.67+2.33 719.16+16.14
8 85.71+2.33 719.50+16.27
9 85.88+2.37 720.92+16.41
10 86.24+2.83 723.93+19.72
11 86.43+2.71 725.5448.71
12 86.83+2.30 728.89+14.66
24 87.08+2.48 730.99+16.10
48 87.46+2.30 734.23+14.17
72 87.29+1.41 732.80+8.17
96.5 87.15+1.78 731.65+12.31
120 89.07+2.03 747.72411.35
144 89.04+2.21 747.47£12.70
168.5 89.09+1.76 747.86+9.29
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Table D4 Percentage of TCH from chitosan film (Formulation A) in PBS at 37°C.

Time (hour) %drug release ug/cm?

0 0.00£0.00 0.00£0.00
0.25 71.10+£1.50 250.56+31.89
0.75 78.91+1.02 276.95+23.78

1 82.88+0.89 284.08+25.82
15 86.96+0.85 295.33+29.08

2 88.77+0.80 303.50+28.60
2.5 90.42+0.57 307.50+29.32

3 91.50+0.57 310.44+32.09
3.5 92.46+0.27 315.37+32.93

4 92.69+0.41 317.20+33.19
4.5 93.09+0.37 318.57+34.76

5 94.48+0.86 319.17+35.52

6 94.56+1.00 325.04+34.93

7 95.00+0.73 325.43+34.73

8 96.92+4.28 329.35+34.87

9 94.58+0.47 330.26+36.29

10 95.52+0.82 327.87+44.68

25 95.00+0.70 334.42+39.63

49 96.14+1.33 335.50+35.98

81 97.01+1.61 334.30+36.75
105 96.90+2.19 334.90+35.36
129 96.65+1.52 334.60+38.87
168 98.28+0.95 341.72+28.14



http://www.pdffactory.com
http://www.pdffactory.com

Table D5 Percentage of TCH from blend film (Formulation E) in PBS at 37°C.

Time (hour) %drug release ug/cm?

0 0.00£0.00 0.00£0.00
0.25 54.21+2.51 275.25+£3.73
0.75 60.06+1.15 305.53+4.56

1 61.59+0.87 320.89+3.85
15 63.99+0.46 336.70+4.35

2 65.79+1.23 343.71+4.81
2.5 66.65+0.64 350.11+6.59

3 67.25+£0.13 354.31+8.23
3.5 68.31+0.13 358.05+8.51

4 68.71+0.36 358.93+7.74
4.5 68.98+0.27 360.48+7.54

5 69.10+0.44 365.93+11.59

6 70.39+0.43 366.24+12.02

7 70.48+0.36 367.91+11.16

8 71.33+£0.50 375.15+12.25

9 71.51+0.40 366.29+10.17

10 70.87+2.23 369.88+7.07

25 72.37+0.93 367.85+5.63

49 72.66+0.16 372.30£9.24

81 72.39+1.09 375.57+3.07
105 72.54+0.90 375.13+2.84
129 72.43+1.55 374.17+£3.18
168 74.13+£1.62 380.54+6.12
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