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ABSTRACT

Polymeric Delivery of Inhibitors of Smooth Muscle Cell Proliferation

by

Robert L. Cleek

Restenosis. currently estimated to occur in 30-50% of dilated lesions. continues to
be a major limitation to the success of current interventional cardiovascular procedures.
Presently. no established therapy prevents or ameliorates this complication. We propose
an alternate method for reducing the rate of restenosis that utilizes localized delivery of
inhibitors of smooth muscle cell (SMC) growth to injured arteries. SMCs were targeted
because they are recognized as the major proliferative component of the stenotic lesion.
The work in this thesis was specifically aimed at creating a biodegradable implantable
microparticle delivery system. which when loaded with inhibitors of SMC growth, could
be used to reduce the lesion. The ettect of controlled delivery of two novel therapeutic
compounds from this microparticle system on SMC growth was included in this
investigation.

A method was developed to fabricate poly(DL-lactic-co-glycolic acid)/
poly(ethylene glycol) (PLGA/PEG) blend microparticles that involves a double-
emulsion-solvent-extraction technique to investigate the effect of polymer blend ratio on
release kinetics. Two model drugs (FITC-IgG and FITC-dextran) were entrapped using
this technique with high efficiency. In vitro release studies showed that the initial burst

effect was dependent on the PLGA/PEG blend ratio. Moreover. the release rate increased
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in direct relation to PEG content. A linear release profile was obtained for microparticles

loaded with FITC-IgG for initial PEG weight fractions up to 5 wt%. and a biphasic
release profile was obtained for FITC-dextran loaded microparticles with rates dependent
on the PEG content. These results demonstrate the feasibility of modulating the release
profile of entrapped drug compounds from biodegradable microparticles by adjusting the
PLGA/PEG blend ratio.

Tenascin. a large extracellular matrix glycoprotein. is thought to play an important
role in SMC growth. Hence. we proceeded to investigate the inhibition of SMC
proliferation and migration in vitro by an antisense (AS) oligodeoxynucleotide (ODN)
targeted to the tenascin mRNA and released from PLGA/PEG blend microparticles.
Release of AS-ODN was characterized by a small initial burst effect followed by a period
of controlled release. SMC proliferation studies exhibited dose dependent growth
inhibition with AS-ODN loaded microparticles. Microparticles loaded with scrambled
(SC) ODN showed less growth inhibition than AS-ODN. Moreover. only the AS-ODN
loaded microparticles inhibited migration. These results demonstrate the feasibility of
entrapping an AS-ODN to rat tenascin into PLGA/PEG microparticles for controlled
delivery to inhibit SMC proliferation and migration.

Basic fibroblast growth factor (bFGF) is a potent mitogen tfor SMCs and is
believed to play a key role in necintimal formation. Consequently. we fabricated
PLGA/PEG blend microparticles loaded with an antibody (Ab) against bFGF. and
determined the effect of the Ab-bFGF released on smooth muscle cell proliferation in
vitro. The release of Ab-bFGF from PLGA/PEG microparticles was characterized by a
small initial burst effect followed by a period of controlled release. SMC proliferation
studies exhibited dose dependent growth inhibition for Ab-bFGF loaded microparticles.
Negative controls containing IgG showed no growth inhibition. A significant portion of

the Ab-bFGF released from the PLGA/PEG microparticles was determined to be active
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for the time period investigated. This work demonstrated the feasibility of entrapping an

Ab-bFGF into PLGA/PEG microparticles for controlled delivery to inhibit bFGF
stimulated SMC proliferation.

Lastly. preliminary in vivo studies demonstrated that PLGA/PEG microparticles
can be implanted and immobilized adventitially in the rat carotid artery. Ab-bFGF loaded
microparticles implanted in this manner did not reduce intimal hyperplasia in the

ballooned rat carotid artery model as compared to controls.
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CHAPTER 1
INTRODUCTION

1.1 Significance and Restenosis Therapies

Vascular proliferative diseases result from an excessive. inflammatory.
fibroproliferative response to injury of the endothelial and smooth muscle cells (SMCs)
of the arterial wall. The SMCs which are stimulated to migrate from media to intima are
the principal fibroproliferative component of the lesion (Ross 1993). Various invasive
treatments to alleviate the resulting stenosis have included percutaneous transluminal
angioplasty. endarterectomy. and vascular grafting. However. a significant portion of the
arteries reclose within the first 6 months afier treatment and require repeat procedures.
Percutaneous transluminal angioplasty. for example. has a restenosis rate of 30-50%
(Beatt et al. 1990). Moreover. the financial implications of restenosis are astounding-
estimated cost to the US is $9 billion.

Because of this unacceptable high restenosis rate and its astounding cost to
society. there has been intense research into identifying clinical treatments that will
reduce the rate of restenosis. Current clinical treatment methods to prevent restenosis
include the administration of drugs and the applications of intracoronary interventional
devices.

Many pharmacological approaches to preventing restenosis have been proposed
such as antiplatelet agents and anticoagulants (Schwartz et al. 1988: Ellis et al. 1989).
antiproliferative agents (O'Keefe et al. 1992: Desmet et al. 1994). and hypolipidemic
agents (Austin et al. 1989: Rozenman et al. 1993). A subset of these compounds have
proven to be effective in animal models of restenosis (Ferns et al. 1991: Simons et al.

1992; Abe et al. 1994). however. no clinical study has provided demonstrative proof that
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any of the drugs benefit mankind. The implication of these findings seem to indicate that
the dose and manner in which these compounds are administered may be suboptimal
requiring the development of new delivery modalities and technologies.

Because no drug regimen has convincingly succeeded in overcoming restenosis.
many clinicians have opted for intracoronary devices. In the use of mechanical
intracoronary devices it is believed that the best results may be obtained from producing
the largest lumen diameters. Of the various new devices currently available. stents and
directional coronary atherectomy (DCA) produce the largest luminal diameters. and thus.
make them potentially the most useful. In addition to a large lumen diameter. the stent is
believed to provide a stable scaffold to prevent elastic recoil. limit the exposure of deep
tissue to blood components. and improve the rheological properties by providing a
smooth contoured lumen for blood flow. Observational studies. however. have reported
high restenosis rates of 47% (Schatz et al. 1991: Laskey et al. 1993) for stents. DCA often
results in the removal of deep arterial wall components such as medial and adventitial
tissues (Garratt et al. 1990). This extensive injury is believed to stimulate intimal
proliferation that results in restenosis rates of approximately 50% for DCA (Topol et al.
1993). The overwhelming fact remains that the use of mechanical intracoronaryv devices
has not significantly reduced restenosis. leading researchers to explore other treatment

methods.

1.2 New Methods to Treat Restenosis

The inadequacies of the existing pharmacological and mechanical methods have
led us and others to search for alternative approaches to treat restenosis. These new
methods to reduce restenosis focus on the use of synthetic materials to deliver active

agents locally to the injured artery site. The work contained in this thesis focuses on the
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development of a drug delivery system and the use of several novel pharmacological

agents with this system. This work also has relevance to mechanical interventional
treatments as it also seems probable that mechanical devices must also be capable of
locally instilling agents that promote vascular healing in order to reduce restenosis.

Systemic delivery of pharmacological agents to limit lesion formation has for the
most part been ineffective. This ineffectiveness may be largely attributed to the inability
of systemic delivery to provide high localized drug concentrations. Localized drug
delivery. however. addresses this deficiency by allowing the delivery of drugs at high
local concentrations without causing severe systemic side effects. For this reason it is an
attractive approach that may be more efficacious than systemic treatment in eventually
reducing restenosis. Furthermore. potentially usetul but toxic agents that would otherwise
be unlikely candidates because of systemic concentration from injections can be used
because of the benign low systemic concentration that would result from localized
delivery.

[deally. a delivery system could provide controlled release for both high and low
molecular weight compounds. A number of possibly important SMC inhibitors have low
molecular weights (Mw < 20.000) such as antisense oligodeoxynucleotides (Shi et al.
1993: Burgess et al. 1995). Moreover. gamma immunoglobulin antibodies to cytokines.
growth factors. and receptors have high molecular weights of approximately 150,000
(Kuby 1994). Furthermore. if this drug delivery system could be made with polymers that
are both biodegradable and biocompatible. the delivery system would eventually be
absorbed or eliminated. and hence. removal would not be an issue.

Many different delivery motifs and device configurations could be used for the
delivery of therapeutic compounds to the injured artery via a biodegradable polymer.
However. microparticles are unique in that they have been used to delivery a wide range

of compounds with the retention of bioactivity. Biodegradable microparticles prepared
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from polyesters such as poly(DL-lactic-co-glvcolic acid) (PLGA) and poly(lactic acid)

(PLA) have been investigated extensively as controlled release delivery systems. The
popularity of these microparticles arises out of the fact that PLGA and PLA are
biocompatible. biodegradable. and among the few synthetic polymers which are approved
for human clinical use (Holland et al. 1986). Furthermore. these microparticles can be
administered vascularly for site specific delivery (F landroy et al. 1993: Wilensky et al.

1993).



CHAPTER 2
BACKGROUND

2.1 Physiology of the Normal Muscular Artery

A schematic representation of the normal muscular artery 1s shown in Figure 2-1.
The normal muscular artery is composed of three lavers: the intima. the media. and the
adventitia. The tunica intima forms the inner lining of the vessel. This layver is composed
of a single-cell thickness of squamous endothelial cells. with a thin underlining basal
lamina. The lining endothelial cells have an elongated shape. with a long axis parallel to
the direction of blood flow.

Intimal endothelium cells play an important active role both in normal vascular
function and in the pathogenesis of atherosclerosis and its complications. Endothelial
cells maintain a nonthrombogenic surface on the luminal aspect of the vessel. Disruption
of the endothelium predisposes the vessel towards thrombus formation.

Muscular arteries have a media defined by the internal and external elastic
laminae. which separate the media from the intima and adventitia. respectivelv. The
internal and external laminae are tenestrated elastic sheets. similar to the elastic lamina of
elastic sheets within the media. and those present do not appear to be concentric. The
major cellular element of the media is the spindle shape smooth muscle cell. Although
these cells are arranged concentrically. the pitch of the continuous spirals relative to the
vascular axis remains controversial. The normal media does not contain fibroblasts.

The function of the medial smooth muscle of muscular arteries is to augment or
reduce flow by changing the lumen diameter. This allows the control of blood pressure in

addition to flow. The SMCs. normally in a near-quiescent state. are surrounded by a
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basement membrane composed of collagen type [V. laminin. entactin. and proteoglycans

(Table 2-1).

The outlying tunica adventitia is composed of dense fibrous tissue that anchors
and stabilizes the vessel. Collagen and elastin fibrils of the adventitia run longitudinally
and aid in retaining vessel shape. The predominant cell of the adventitia is the fibroblast.
The adventitia carries the afferent and efferent nerves and is nourished by minute vessels

called the vasa vasorum.
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Figure 2-1. Cross section showing the internal structure of the normal muscular artery.
(From Rehabilitation In [schemic Heart Disease (1983). Blocker. W.P. and
Cardus. D. (eds.). New York: Spectrum Publications)



2.2 Pathophysiology of Restenosis

2.2.1 Cellular Events in Restenosis

Animal (Clowes et al. 1983) and human (Ip et al. 1991; Nobuyoshi et al. 1991)
pathological studies have provided demonstrative proof that excessive smooth muscle
cell proliferation and the synthesis of large volumes of extracellular matrix represents the
final common pathway and the principle cause of restenosis. The early events and major
triggering factors causing excessive repair response to the injured artery are not well
defined and poorly understood. While much of the information obtained on this subject is
derived from animal injury models rather than from human studies. the prevailing
consensus for the genesis of restenosis is that of an accelerated version of atherosclerosis
(Ross 1993). Both share similarities in key events which are a result of a typical response
of the artery to injury. However. this response is accelerated in restenosis. The current
postulated mechanism of restenosis may be categorized into an early phase consisting of
platelet activation and thrombus formation. which occurs within minutes to hours after
injury: an intermediate phase of cellular recruitment. which occurs within hours to days:

and a late proliferative phase. which occurs from days to months.

2.2.1.1 Early Phase of Platelet Activation and Thrombus Formation

Interventional cardiovascular procedures lead to endothelium denudation. plaque
fracture and medial dissection (Uchida et al. 1989). This damage exposes the highly
thrombogenic subintimal tissue to serum components and leukocytes. Within minutes of
injury. there is platelet adhesion that leads to aggregation and eventually thrombus
formation (Steele et al. 1985). The response is proportionate to the severity of the injury

and the degree of unfavorable rheological factors present at the lesion site (Kohler and
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Jawein 1992). Platelet activation leads to secretion of various factors that include platelet-

derived growth factor (PDGF) (Nakao et al. 1982) and transtorming growth factor-B{
(TGF-B) (Shuman 1986). TGF-B| promotes the synthesis of collagen and proteoglycans

in the extracellular matrix. The growth factor PDGF affects the stimulation of platelets
enhancing further platelet aggregation. Platelets also activate leukocytes to release
vasoconstrictor leukotrienes. Other cellular and secretory factors are likely to also be

involved.

2.2.1.2 Intermediate Phase of Cellular Recruitment

Leukocytes from the blood are recruited by the thrombus and damaged
endothelium. These cells then migrate into the degenerating thrombus and release growth
factors and cytokines that affect SMC migration and proliferation (Nathan 1987). Growth
factors include PDGF. FGF. endothelial growth factor. and TGF (Rappolee et al. 1988).
Enzymes responsible for the dissolution of the thrombus are released from monocytes.
During this phase there is neoendothelialization of the thrombus usually within a few

days after balloon injury that prevents further platelet and thrombus deposition.

2.2.1.3 Late Proliferative Phase

The key events of the final phase involve SMC proliferation and extracellular
matrix formation (Snow et al. 1990). When the reparative response is excessive the result
is termed restenosis. Histologically. restenotic lesions consist of excessive neointimal
volume of SMCs and extracellular matrix. It is postulated that medial SMCs from the site
of injury. migrate through breaks in the internal elastic lamina. and excessively

proliferate. Furthermore. once activated. SMCs undergo a characteristic phenotypical
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transformation from a contractile to a synthetic phenotype ( Pauly et al. 1992). It is these

synthetic cells that are responsible for the production of excessive extracellular matrix.
Although SMC proliferation and synthesis of excessive amounts of extracellular
matrix are the central cause of restenosis. the exact underlying mechanisms leading to it

have not been clearly identified.

2.2.2 Extracellular Matrix Components

Extracellular matrix is a necessary component of the vascular repair process. This
is evidenced by a growing body of research that suggests matrix expansion and
remodeling may be as important as SMC proliferation in lesion formation. In particular,
attention has been directed toward matrix changes that alter the ability of SMCs to
proliferate and migrate in response to various mitogens. These events have been shown to
be associated with the production of a number of extracellular matrix proteins including
tenascin. thrombospondin. type [ and type IV collagen. fibronectin. and proteoglycans
(Table 2-1). The production of proteoglycans may be particularly important since
proteoglycans of the extracellular matrix are capable of binding and sequestering heparin-
binding growth factors such as FGFs (Salmivirta et al. 1992: Dinbergs et al. 1996) and
VEGF (Gitay-Goren et al. 1992).

Two distinct phases are required for the reconstruction of the vasculature. SMCs
must first alter focal points to permit migration into the repair site. This process depends
primarily on proteases to cleave focal adhesion proteins. Secondly. new matrix must be
produced once migration into the site has occurred. Initially this new matrix is counter
adhesive to allow migration of SMCs and later is altered by the SMCs to become strongly
adhesive. Much attention has been given to tenascin and thrombospondin because they

appear to be major counteradhesive proteins.
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2.2.2.1 Tenascin

Tenascin (TN) appears to be a major counter adhesive protein within the early
matrix. In fact. tenascin production is induced concurrently with changes in smooth
muscle phenotype both in vivo and in vitro (Hedin et al. 1991). Structurally, TN a large
hexameric protein with disulfide linked multidomain subunits of 190 to 240 kd (Chiquet
et al. 1991). It seems to be re-expressed in association with tissue growth and
reorganization. e.g.. in healing wounds and vascular tissue. In vascular tissue. TN is

observed in the arterial media during vasculogenesis (Hoffman et al. 1990).

2.2.2.2 Thrombospondin

Thrombospondin is a counteradhesive protein that appears to be synthesis by
SMCs after arterial injury (Raugi et al. 1990). The protein acts as a counteradhesion
molecule by interfering with focal adhesions of fibroblasts. endothelial cells. and SMCs.

This disruption allows the SMCs to migrate.



Table 2-1 Vascular extracellular matrix components and their function

Component Function Location
Collagens ™ (I. TII. | Tissue architecture Media. adventitia.
[V. V. VL VII) Tensile strength basement membrane
Vascular permeability
Regulation of cell shape and
phenotype
Elastin l'issue architecture Principally in the media
Vessel elasticity
Vascular permeability
Fibronectin Cell adhesion Ubiquitous
Cell spreading
Tissue architecture
Proteoglycans Collagen hbnl formation Ubiquitous

Cell-matrix contacts
Binding/storage ot growth factors
Regulation of cell shape

Cell migration

Laminin

Cell migration. adhesion. and
differentiation

Basement membrane

Thrombospondin

Cell adhesion: proliferation. and
migration of SMCs

Appears In tissue
remodeling

lenascin Linked to cell rounding and Appears 1n tissue
migration remodeling and healing
SPAC Inhibits cell binding and spreading Basement membrane. and
appears in tissue
remodeling
Integnins Cell adhesion Cell surface molecules
Structural link between cytoskeleton
and cell surface
ribrillin Component of clastic microfibrils Media

(Information primarily from Extracellular Matrix (1995). Haralson. M.A. and Hassell.
J.R. (eds.). New York: Oxford University Press: and The Vascular Smooth Muscle Cell:
Molecular and Biological Responses to the Extracellular Matrix (19953). Stephen M.
Schwartz. S.M. and Mecham. R.P. (eds.). San Diego: Academic Press)




2.2.3 Role of Growth Factors in Restenosis

Various growth factors play a number of important roles in the process of
restenosis. Here we will discuss the significance of some of the major candidates of

pathological significance.

2.2.3.1 Basic Fibroblast Growth Factor

Basic FGF is a potent SMC mitogen both in vitro and in vivo (Lindner et al. 1991:
Reidy 1992). This is demonstrated by the fact that exposure of the vessel wall to the
growth factor leads to abundant neointimal proliferation (Edelman et al. 1992).
Furthermore. during angioplasty. ballooning results in cell death and destruction that
releases bFGF and other growth factors. Heparanases and proteases from infiltrating
macrophages also have the potential to degrade the extracellular matrix and release stored
bFGF. Rats treated with a blocking antibody to bFGF has decreased SMC proliferation
after balloon catheter injury. suggesting that this growth factor may be significant in the
process of vessel repair and restenosis (Lindner and Reidy 1991). This treatment.
however. did not effect eventual neointimal lesion formation suggesting that other growth

factors are capable of stimulating the process in the absence of bFGF.

2.2.3.2 Platelet-Derived Growth Factors

The activation of platelets leads to the secretion of various mitogens to the
damaged vessel wall. Platelets directly release PDGF-AB and -BB which serve as an
initial stimulus to both SMC migration and proliferation. Once SMCs are activated they
produce PDGF-AA which further induces migration and proliferation. The importance of

platelet-derived PDGF is demonstrated by experiments in which neointimal lesion
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formation is reduced in thrombocytopenic rats (Fingerle et al. 1989). Furthermore. a

reduction in neointimal formation was shown for mice that were treated with anti-PDGF

antibody (Ferns et al. 1991).

2.2.3.3 Transforming Growth Factor Beta

TGF-B is released by cells localized at the site of tissue repair. such as
macrophages. lymphocytes. and possibly vascular SMCs (Sporn et al. 1987). It is
important in lesion formation because it is a major regulator of extracellular matrix

production (Chen et al. 1987).

2.3 Inhibitors of Restenosis

Many new pharmacological compounds have been proposed for decreasing the
rate of restenosis. The most promising of these inhibitors are the oligodeoxynucleotides.
which block gene expression. and monoclonal antibodies. which can be targeted to key
proteins and growth factors.

Antisense (AS) oligodeoxynucleotides (ODNs) offer the potential to block
specific gene expression within cells. The development of AS techniques will allow
researchers to explore the function of genes and may also produce new therapies for
human diseases such as restenosis. Inhibition of gene expression by AS-ODNs depends
on the ability of an ODN to bind effectively to a complementary messenger ribonucleic
acid (mRNA) sequence and prevent translation of the mRNA. AS-ODNs represents a
potential therapeutic agent for inhibition of SMC proliferation and migration. AS-ODN
effectiveness against SMC proliferation and migration has been demonstrated in virro
using c-myc AS-ODNs (Biro et al. 1993: Shi et al. 1993: Bennett et al. 1994).

Furthermore. animal studies using rat. rabbit. and pig models have shown AS-ODNs to
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be somewhat efficacious in suppressing intimal thickening (Simons et al. 1992: Shi et al.

1994: Burgess et al. 1995). There are. however. many none specific biological effects of
ODNs that can not be attributed to antisense mechanisms (Wagner 1994). Such effects
may compromise the usefulness of AS-ODNs as therapeutic agents.

Studies in animal models have used neutralizing antibodies targeted against
mitogenic growth factors to inhibit neointimal formation (Ferns et al. 1991: Lindner and
Reidy 1991). An anti-PDGF polyclonal antibodv administered to rats after ballooning of
the carotid artery resulted in nearly 100% blockage of SMC migration in the neointima 8
days postinjury (Femns et al. 1991). effectively inhibiting PDGF signaling. Systemic
delivery of Ab-bFGF to injured arteries to reduce SMC replication has been proposed
(Lindner et al. 1991: Lindner and Reidy 1991).

The principal problem with monoclonal antibody therapies has been recognition
of therapeutic antibodies as foreign proteins by the immune system. [f such difficulties
can be resolved. however. neutralizing antibody therapies may become clinically viable.
Several groups have made alternatives to classical murine monoclonal antibodies that
may eliminate or reduce immune system recognition. For example. murine antibodies
have been humanized by recombinant expression of modified murine antibodyv variable
regions linked to human Fc (constant) regions (Lockwood et al. 1993). There has also
been success in creating transgenic mice that express human immunoglobulin genes
(Morrison 1994). These new approaches may allow for a greater variety of monoclonal

antibodies to become available for clinical trials and eventual use in humans.

2.4 Local Delivery Using Polymeric Implants

The use of polymer stents or catheters has been attempted for intraluminal drug

delivery (Goldman et al. 1987: Wolinsky and Thung 1990: Lincoff et al. 1994). However.
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washout of the drug occurs rapidly from the arterial wall by convection and diffusion

with this delivery mode. Furthermore. the use of perforated or infusion balloons for drug
delivery can cause significant local tissue damage and cell necrosis particularly when
high delivery pressures and large infusate volumes are utilized.

An alternative method is to surgically implant a biomaterial for adventitial
delivery of drugs. Polymer-based delivery systems offer the potential for quantifiable
sustained and controlled release from devices that can be implanted adjacent to target
tissues. For example. Edelman and Kamnovsky (Edelman et al. 1990) used ethylene vinyl
acetate (EVAc) matrices to deliver heparin and provided evidence that continuous
delivery decreases intimal hyperplasia. Villa et al. (Villa et al. 1994) developed a
periadventitial silicone polymer collar to deliver and maintain high tissue levels of
dexamethasone. and showed that prolonged drug delivery was necessary to prevent
restenosis. Although studies with EVAc and silicone polymer demonstrated the feasibility
and benefits of local controlled adventitial delivery of SMC inhibitors. it would be
preferable to use biodegradable polvmers as the drug carrier because the long-term
implantation of a non-degradable material may result in an inflammatory response.
Poly(a-hydroxy esters) are a class of biodegradable and biocompatible polvmers that can
be used and are discussed in section 2.4.1.

Microparticles are a unique delivery system in that they have been used to deliver
a wide range of compounds with the retention of bioactivity. Furthermore. vascular site
specific delivery to the media has been achieved with the use of microparticles (Flandroy
et al. 1993: Wilensky et al. 1995). and they can be manufactured with biodegradable

polymers such as any member for the poly(«-hydroxy esters) tamily.



17
2.4.1 Poly(a-hydroxy esters)

Poly(a-hydroxy esters) are a family of linear aliphatic polymers. The most
common polymers in this family are poly(glycolic acid) (PGA) (Fig. 2-2a). poly(lactic
acid) (PLA) (Fig. 2-2b). and copolymers of poly(lactic-co-glycolic acids) (PLGA) (Fig.
2-2c). These polymers have been proposed for numerous drug delivery systems. This is
largely because PGA. PLGA. and their copolymers are biocompatible. biodegradable. and
are among the few synthetic degradable polymers approved by the Food and Drug
Administration (FDA) for human clinical use. Degradation occurs by random hydrolysis
of the backbone. and to a lesser extent enzymatic degradation in vivo (Holland et al.
1986). Degradation products are eliminated from the body either through metabolic
pathways or by direct renal excretion (Hollinger and Battistone 1986). The implant
location must be well characterized and chosen with care in order to obtain predictable
degradation characteristics: because acidic and basic environmental conditions can
catalyze hydrolysis. and thus. greatly increase the degradation rate (Chu 1982).

The range of physical and mechanical properties achieved with poly(a-hydroxy
esters) can be increased by copolymerizing the precursor ring molecules. For example.
copolymers have higher degradation rates as compared to the homopolymers because
crystallinity is rapidly lost in the copolymers. The degradation rate continues to increase.
in a nonlinear fashion (Miller et al. 1977). as the copolymers get closer to an equimolar
ratio.

Poly(a-hydroxy esters) fulfill many of the material requirements necessary for the
fabrication of drug delivery systems. These include biocompatibility. biodegradability,
and ease of processing. Furthermore. a wide range of degradation rates can be achieved
by the copolymers suggesting that it may be possible to fabricate a polymeric delivery

system to degrade at a rate which would allow for controlled drug delivery.






