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Abstract

The foreign body reaction is the major cause of the dysfunction and relatively short lifetime
associated with implanted glucose biosensors. An effective strategy to maintain sensor
functionality is to apply biocompatible coatings that elute drug to counter the negative tissue
reactions. This has been achieved using dexamethasone releasing poly (lactic-co-glycolic acid)
(PLGA) microspheres embedded in a poly vinyl alcohol (PVA) hydrogel coating. Accordingly,
the biosensor lifetime relies on the duration and dose of drug release from the coating. To
achieve long-term drug release mixed populations of microspheres have been used. In the current
study, microspheres were prepared by blending low (25 KDa) and high (113 KDa) molecular
weight PLGA at different mass ratios to overcome problems associated with mixing multiple
populations of microspheres. “Real-time” in vitro studies demonstrated dexamethasone release
for approximately 5 months. An accelerated method with discriminatory ability was developed to
shorten drug release to less than 2 weeks. An in vivo pharmacodynamics study demonstrated
efficacy against the foreign body reaction for 4.5 months. Such composite coatings composed of
PLGA microspheres prepared using polymer blends could potentially be used to ensure long-
term performance of glucose sensors.

Keywords: polymer blends; PLGA; microspheres; foreign body reaction; glucose biosensors;

long-term drug release; accelerated release testing



1. Introduction

Continuous glucose monitoring (CGM) devices can provide tremendous assistance in the
management of diabetes through the availability of real-time blood glucose levels (Vaddiraju et
al., 2010). The current CGM technology is based on semi-implantable glucose sensors with
limited life-time (maximum 7 days). Those sensors suffer from instability as a result of the tissue
trauma caused by implantation and a series of negative tissue responses triggered by the
persistent presence of the implant (Morais et al., 2010). The series of immunological events that
include acute inflammation (e.g. infiltration of inflammatory cells), chronic inflammation (e.g.
activation of fibroblasts), and fibrous encapsulation (e.g. collagen capsule formation surrounding
the implants) are called the foreign body reaction (FBR) (Anderson et al., 2008). Various
approaches have been attempted to overcome the foreign body reaction to extend the life-time of
glucose sensors. These include application of biocompatible coatings (Kastellorizios et al.,
2015a; Wang et al., 2013), release of anti-inflammatory drugs (Bhardwaj et al., 2010; Galeska et
al., 2005; Patil et al., 2004; Zolnik and Burgess, 2008) as well as delivery of angiogenic agents
(Laschke et al., 2014; Patil et al., 2007).

Local delivery of dexamethasone, a potent corticosteroid, has been shown to effectively control
the FBR in normal rats, diabetic/fatty rats as well as mini pigs (Kastellorizios et al., 2015a; Wang
et al., 2013). However, delayed tissue reaction can develop after exhaustion of the drug
(Bhardwaj et al., 2007). A dexamethasone loaded PLGA microsphere/PVA hydrogel coating has
been developed to control the FBR for 3 months (Bhardwaj et al., 2010). This was achieved
using a mixture of two populations of microspheres, one prepared with low Mw PLGA and the
other with high Mw PLGA. Dexamethasone release from PLGA microspheres typically exhibits

a tri-phasic profile with a burst release phase followed by a lag phase and a secondary release



phase. A long lag phase is usually associated with high Mw PLGA based microspheres because
the time required for sufficient bulk erosion to allow drug release. For example, the lag phase for
dexamethasone from the microspheres was extended from 10 days to 41 days when the Mw of
PLGA was changed from 25 KDa to 70 KDa (Wang et al., 2014). The limited drug release
during the long lag phase of high Mw PLGA microspheres was compensated by drug release
from the low Mw PLGA microspheres during that period and thus a 3-month effective
formulation was achieved. Further extending drug release beyond 3 months using this strategy
would be difficult since this would probably require at least three batches of microspheres and
the drug release profiles of these batches would need to match one another to achieve continuous
release with no lag phase. In addition, this would provide challenges in terms of processing and
product quality control. An alternative strategy is therefore needed to produce a single
formulation with a short lag phase and long duration of drug release.

Drug release from PLGA microspheres is controlled by polymer degradation, which is a result of
the polymer backbone hydrolyzing into oligomers and monomers. Bulk erosion of the PLGA
polymer matrix usually occurs from water penetration followed by autocatalysis of the ester
bonds. The long lag phase associated with the degradation of high Mw PLGAs is a result of the
relatively slow water penetration into these polymers due to their increased hydrophobicity
compared to low Mw PLGAs. This can be shortened by enhancing the hydrophilicity of the
polymer using approaches such as decreasing polymer Mw and introducing hydrophilic groups.
Blending low Mw PLGA with high Mw PLGA is an intriguing prospect since the low Mw
PLGA may facilitate degradation of the high Mw PLGA via increased water absorption and
generation of acidic oligomers that will result in autocatalysis of the polymer matrix. A design of

experiment (DoE) approach was used to generate a design space to optimize drug release profiles



of PLGA microspheres prepared using polymer blends.(Gu and Burgess) Sustained
dexamethasone release for approximately 3 months in vitro was achieved by blending 25 KDa
PLGA with 70 KDa PLGA (Wang et al., 2014).

Drug release profiles are important product performance indicators. Since real-time
release testing of the target product would last for months, it is essential to develop
accelerated release testing methods for quality control purposes. Accelerated release testing
for microsphere products can be achieved by changing various release conditions (such as
pH, temperature, organic solvent, and surfactant). For example adjusting the media to
acidic pH conditions has been shown to expedite drug release as PLGA degradation is
catalyzed under acidic conditions (Zolnik and Burgess, 2007).However the drug release
mechanism was shown to change from bulk erosion to surface erosion when lower pH
condition were used. Elevating temperature can facilitate drug diffusion from the
microspheres as well as expedite polymer matrix degradation. It has been shown that
accelerated drug release from PLGA microspheres can be achieved under elevated
temperature conditions (Rawat et al., 2012; Shen and Burgess, 2012; Zolnik et al., 2006).
In the current study, the in vitro and in vivo performance of microspheres prepared by blending
low (25 KDa) and high (113 KDa) Mw PLGA was investigated. The microspheres were
prepared with different polymer mass ratios and characterized for physicochemical properties
such as particle size, glass transition temperatures and morphology. “Real-time” and accelerated
release testing was performed. The accelerated release method was able to shorten the duration
of drug release while maintaining discriminatory ability. The “Real-time” release profiles

provided guidance for formulation screening towards in vivo testing. The selected formulation



was evaluated in vivo and histological results demonstrated that the foreign body reaction was
inhibited for at least 4.5 months.

2. Material and Methods

2.1. Materials

Dexamethasone was purchased from Cayman Chemical (Ann Arbor, M), poly (vinyl alcohol)
(PVA, Mw 30-70 KD), sodium chloride (NaCl, ACS grade), sodium azide (NaN3), sodium
phosphate dibasic dihydrate (Na;HPO4-2H,0), sodium phosphate monobasic (NaH,PO,) and
dimethyl sulfoxide (DMSO) were purchased from Sigma—Aldrich (St. Louis, MO). PVA (99%
hydrolyzed, Mw 133 KD) was purchased from Polysciences, Inc. (Warrington, PA). PLGA
Resomer® RG503H 5050 (RG503H, inherent viscosity 0.32—0.44 dl/g) was a gift from
Boehringer-Ingelheim. PLGA 9010 DLG7E (DLGTYE, inherent viscosity 0.6-0.8 dL/g) was
purchased from Lakeshore Biomaterials (Birmingham, AL). RG503H has carboxylic acid end
groups and DLGYE is end-capped with a lauryl ester group. Methylene chloride (DCM),
acetonitrile (ACN, HPLC grade), and tetrahydrofuran (THF, HPLC grade) were purchased from
Fisher Scientific (Pittsburgh, PA). NanopureTM quality water (Barnstead, Dubuque, 1A) was
used for all studies.

2.2.  Methods

2.2.1. Preparation of microspheres and composite coated implants

2.2.1.1. Preparation of PLGA microspheres

Dexamethasone loaded microsphere formulations were prepared using an oil-in-water (o/w)
emulsion solvent extraction/evaporation technique according to the compositions listed in Table
1. The PLGA polymer was dissolved in 2 ml of methylene chloride and dexamethasone was

dispersed in this solution. Following 20-minute sonication in a bath sonicator, the dispersion was



further dispersed using a T 25 digital ULTRA-TURRAX homogenizer (IKA Works, Inc.,
Wilmington, NC) at 10,000 rpm for 1 min. In order to form an emulsion, the organic phase was
homogenized into a 10-ml PVA solution (1% (w/v), average Mw 30—70 KDa) at 10,000 rpm for
2.5 min. The emulsion was then transferred into a 125 ml aqueous PV A solution (0.1% (w/v),
Mw 30-70 KDa) and stirred at 600 rpm under vacuum. After 2.5 hours, hardened microspheres
were transferred to 50 mL centrifuge tubes and collected through centrifugation under 1500 rpm
for 2 minutes. The microspheres were then washed three times with deionized water (10 mL each
time), recollected using the same centrifugation procedure and dried via freeze drying. The
prepared microspheres were stored at 4°C until further use. Blank microspheres were prepared
following the same procedure except that dexamethasone was not added.

2.2.1.2. Preparation of PLGA microsphere/PVA hydrogel composite coated implants
Cylindrical implants were prepared using a two-piece grooved mold based method after three
freeze-thaw cycles (Kastellorizios et al., 2015b). Briefly, 150 mg of microspheres (F-3 in Table 1)
was suspended using 1 ml of 5% w/w PVA solution (133 KDa) and filled in a 1-mL syringe. The
PVA solution was pre-filtrated using 0.22-um sterile filters to ensure sterility. The suspension
was sonicated in a bath sonicator for 10 seconds followed by one freeze—thaw cycle (2 hour at -
20 °C and 1 hour at ambient temperature). The partially thickened suspension was fed into a 2-
piece mold with 1.5-mm grooves. The dummy sensors (silicon chips with dimension of

5 x 0.5 x 0.5 mm) were sandwiched between the two mold pieces and were then subjected to
additional two freeze thaw cycles. The coated dummy sensors were air dried and cut into 7-mm
length implants. The grooves in the mold are 1.5-mm diameter. To ensure size consistency of
each implant, dummy sensors are placed in the center of the groove between the two pieces

of the mold. Sterile tools (e.g. vials, tubes, twizzles and containers, etc.) were used in the



coating process. All the procedures were conducted in a laminar flow hood under sterile
conditions. Blank formulations were also prepared using blank PLGA microspheres without
dexamethasone.

2.2.2. Invitro characterization of microspheres and composite coatings

2.2.2.1. Drug loading

Approximately 5 mg of dexamethasone-loaded PLGA microspheres was dissolved in 10 ml THF
for drug loading determination. A previously reported HPLC method was used for analysis of
dexamethasone concentration for the loading calculation (Gu and Burgess). Briefly, the
solution was filtered (Millex® HV, PVDF 0.45 um syringe filter) and subjected to HPLC
analysis with 5 pl of injection volume. A Perkin Elmer series 200 HPLC system (Shelton, CT)
was equipped with a UV absorbance detector (240 nm wave length for dexamethasone analysis).
Acetonitrile/water/phosphoric acid (35/70/0.5, v/v/v) was used as the mobile phase. A Zobax
C18 (4.6 mm x 15 cm, Agilent, Santa Clara, CA) analytical column was used with a flow rate of
1 ml/min. The chromatographs were analyzed by PeakSimple™ Chromatography System (SRI
instruments, Torrance, CA).

Drug loading was determined as: % drug loading = (weight of drug loaded/weight of
microspheres) x 100%.

2.2.2.2. Microsphere characterization

The particle size and size distribution was determined using an AccuSizer 780A autodiluter
particle sizing system (Nicomp, Santa Barbara, CA). Approximately 5 mg of microspheres were
dispersed in 1 ml of 0.1% (w/v) PVA solution (30-70 KDa) and 100 pl of the dispersion was

injected into the system for particle size analysis. All measurements were conducted in triplicate.



A TA Q1000 differential scanning calorimeter (DSC) (TA, New Castle, DE) was used to
determine the glass transition temperature (Tg) of the prepared microspheres. Modulated DSC
was performed with the cycle below: the samples were heated at a rate of 3 °C/min from 4°C to
80 °C at a modulating oscillatory frequency of 1°C/min. The thermograms were analyzed using
Universal Analysis software (TA Instruments) to determine the glass transition temperature.
The morphology of the microspheres were determined using a scanning electron microscopy (a
JEOL JSM-6335F unit). Samples were mounted on carbon taped aluminum stubs and sputter
coated with gold for 1.5 min at 6 mA before imaging.

2.2.2.3. In vitro release testing

In vitro release testing was performed on the PLGA microsphere/PVA hydrogel (99%
hydrolyzed, Mw 133 KD) composites since the purpose was to test the performance of the
coatings rather than the microspheres alone. The composites were prepared using a freeze-thaw
method described previously (Wang et al., 2014). Briefly, approximately 75 mg of PLGA
microspheres were dispersed into the PVA hydrogel (5% w/v) solution, then this suspension was
filled into a pre-made mold (15%38x2 mm) and subjected to three freeze-thaw cycles consisting
of 2 h freezing at —20°C followed by 1 h thawing at room temperature to form a physically
crosslinked hydrogel resulting from PVA crystallization. The composites were then air dried.
Approximately 8 mg composite samples were immersed in 5 ml of 10 mM PBS (pH 7.4) with
0.1% NaN3 and incubated at both elevated temperature (45 and 53 °C) and body temperature
(37 °C) under constant agitation. At pre-determined time points, all the release media was
removed and replenished with the same volume of fresh media. Sink conditions were maintained
throughout. The samples were filtrated through 0.45 pum syringe filters and the concentration of

dexamethasone in each sample was determined using the HPLC method as described above. The
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release profiles were plotted as cumulative % release vs. time. Cumulative percent release at a
given time point was calculated as: cumulative percent release = (total amount released at
sampling time/total amount loaded) x 100. The values are reported as mean + standard deviation
(n=3).

2.2.3. Invivo pharmacodynamics study of composite coated dummy sensors

PLGA/PVA composite coated dummy sensors prepared in section 2.2.1.2 were implanted into
the interscapular subcutaneous tissue of male Sprague-Dawley rats (weighing ~ 200 g, n=3)
using 16-gauge thin wall needles. During the implantation procedure, the rats were under
anesthesia using 2% isoflurane in oxygen. Before implantation, the back of each animal was
shaved and wiped with betadine solution. All of the procedures were conducted under aseptic
conditions. One composite was implanted per rat on days 0, 35, 151 and 162 and the rats
were sacrificed at day 165. Three rats were used for one group and each rat had a total of 4
composite implants at the end of the study. Accordingly, the duration of implantation for each
of these implants is 165, 130, 14, and 3 days, respectively. The implants with surrounding
subcutaneous tissue were harvested and fixed in 10% buffered formalin solution (Sigma-Aldrich
Co. LLC.). All animal studies were reviewed and approved by the Institutional Animal Care and
Use Committee (IACUC) within the University of Connecticut prior to beginning the
experiments. Paraffin blocks were prepared for tissue sections and a blinded histological
evaluation was performed following hematoxylin and eosin (H&E) staining. Tissue samples
were observed and digitally stored using an Olympus microscope (model BX51, Olympus
America, Melville, NY).

3. Results and Discussion

3.1.  Invitro characterization of microspheres

11



The microspheres were characterized for drug loading, particle size and thermal properties
(Table 1). No significant differences were observed in the average particle size of all
formulations investigated. For F-1, F-2 and F-3, the drug loading was approximately 8% (w/w)
with a slight increase in loading with increase in the ratio of the more hydrophobic DLG7E
polymer in the formulation. The drug loading of the F-4 formulation was significantly lower
than that of the other formulations as determined by the paired student T-test (p<0.05 as
significant). This increase hydrophobicity results in faster polymer solidification and therefore
drug encapsulation may be enhanced. The glass transition temperatures for microspheres
prepared with polymer blends are between the glass transition temperatures of DLG7E (52.97 °C)
and RG503H (42.1 °C). Although the rank order for the Tg(s) is consistent with the
empirical Tg(s) calculated from Fox Equation for polymer blends (Hiemenz, 2007),
polymer segregation is still possible considering that the Tg(s) of the two polymers are very
close. SEM examination will provide more detailed information regarding microsphere
morphology. SEM micrographs (Figure 1) showed spherical microspheres with smooth
morphology for most of the particles except for those of F-4. Large pores and crevasses were
observed for the F-4 microspheres which can be explained by possible polymer phase separation
in this formulation considering that equal amounts of the low and high Mw polymers were added
in F-4. The peculiar structure of the F-4 formulation is an indication of phase separation. In
addition, much higher burst release was observed for the F-4 formulation when compared

to the other formulations.

3.2.  “Real-time” in vitro drug release from composites
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The release profiles obtained for the microsphere formulations under “real-time” conditions (37
°C) are shown in Figure 2. Dexamethasone release from PLGA microspheres typically has an
initial burst phase, followed by a lag phase and then a secondary zero-order release phase. These
three distinct phases were identified for all the formulations. The F-4 formulation exhibited the
highest burst release (approximately 35%) and the shortest lag phase (approximately 10 days).
The pores and crevasses observed in the surface of F-4 formulation (Figure 1) are considered to
be responsible for the high burst release associated with this formulation since easier drug
diffusion from the surface is expected. The release of dexamethasone from the F-4 formulation
reached a plateau within 1.5 months. Microspheres prepared using 100% RG503H have
previously been shown to have a burst release of approximately 40% and a lag phase of
approximately 7 days and the release was complete within 35 days. (Shen and Burgess, 2012)
The release profile of the F-4 formulation is closer to that of the microspheres prepared with 100%
RG503H compared to the other two polymer blend microspheres (F-2 and F-3). This may be a
result of polymer phase separation in this microsphere formulation, as discussed above, as well
as the relatively higher hydrophilicity of this formulation increasing water uptake and consequent
polymer degradation. The F-1 formulation (prepared with 100% of the high Mw DLG7E
polymer) has the lowest burst release (approximately 8%), the longest lag phase (approximately
4 months) and the entire release profile lasts for approximately 7 months. The DLG7E polymer
has high hydrophobicity due to its high Mw and high lactic:glycolic acid ratio (90:10).
Accordingly, polymer degradation is significantly slower compared to microspheres prepared
with the polymer blends as the rate of water penetration and subsequent polymer hydrolysis are
significantly reduced. The long lag phase of the F-1 formulation prohibits its use for the purpose

of continuous drug release. The drug release profiles of the F-2 and F-3 formulations are in
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between those of the F-1 and F-4 formulations. These formulations have burst release phases of
approximately 15%, lag phases of less than 2 weeks and their entire release profiles last for
approximately 4.5 months. Water penetration and hence polymer degradation is more rapid
compared to the F-1 formulation, since these two formulations were prepared by blending the
more hydrophilic RG503H polymer with the DLG7E polymer. The relatively high hydrophilicity
of the RG503H is attributed to three factors: 1) a relatively small Mw of ~25 KDa; 2) a
lactic/glycolic acid ratio of 50/50; and 3) the fact that it is capped with hydrophilic carboxylic
groups (Makadia and Siegel, 2011). In the blended polymers, the low Mw RG503H facilitates
water penetration and the subsequent degradation of the RG503H polymer generates
lactic/glycolic acid oligomers and monomers. The resultant decrease in pH catalyzes the
degradation of the high Mw polymer (DLG7E). Therefore, the long lag phase associated with the
high Mw polymer is eliminated and the microspheres prepared with polymer blends exhibit
continuous release profiles following a small burst and a short lag phase. Although the release
profiles of the F-2 and F-3 formulations were similar, the F-3 formulation was selected for

further studies.

3.3.  Accelerated in vitro drug release from composites

Drug release profiles are important product performance indicators. A real-time release profile is
typically a good indication for the in vivo performance of the formulation. Considering that real-
time release tests for microsphere products can last for months, it is essential to develop
accelerated release testing methods for quality control purposes. Maintaining the discriminatory
ability of the method while shortening the testing duration is essential. Accelerated release tests
can be conducted by adjusting parameters such as temperature, solvent, ionic strength, pH, and

agitation rate as well as addition of enzymes and surfactants.(Burgess et al., 2004) It has been
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shown that elevating temperature is an effective method of accelerating drug release from PLGA
microsphere/PVA hydrogel composites (Shen and Burgess, 2012; Zolnik et al., 2006).

The F-1, F-3 and F-4 formulations were tested under elevated temperature conditions. Figure 3-
A and B shows the release profiles for the three formulations at 45 °C and 53 °C, respectively. In
order to investigate the effect of the glass transition temperature on the drug release
profiles, two temperatures (one higher and another lower than the Tg of the formulations)
were chosen for accelerated release testing method development. The release profiles for the
individual formulations at real time (37 °C) as well as accelerated (45 and 53 °C) conditions are
plotted in Figure 3-C, D and E for direct comparison. At 45 °C, although there were no lag
phases, three distinct drug release phases were observed for all formulations. The burst release
for F-1 and 3 is close to 10%, which is similar to that obtained at 37 °C. A slightly higher burst
release was observed for the F-4 formulation with approximately 45% released after 24 hours
compared to 35% at 37 °C. The middle phases for the F-3 and F-4 formulations at 45 °C lasted
for approximately 5 days and this can be compared to their lag phases at 37 °C which lasted for
approximately 3 weeks. The middle phase for the F-1 formulation lasted approximately 1 month,
which can be compared to the 4-month lag phase observed at 37 °C. It is speculated that the drug
diffusion plays a significant role in the middle phase at 45 °C, while the third phase is both
diffusion and erosion controlled. At 53 °C, drug release from all formulations was further
accelerated and the typical three phase release profile was lost. Instead, formulations F-3 and F-4
showed two distinct release phases and the release was complete in less than 1 week.
Formulation F-1 also showed two release phases with a slight inflection point around day 5 and
release from this formulation was complete in less than 2 weeks. The glass transition

temperatures of the F-1, F-3 and F-4 formulations are below 53 °C (51.31 °C, 50.25°C, and
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48.06°C, respectively). In addition to acceleration of polymer degradation, polymer chain
mobility increases greatly at temperatures above the Tg which facilitates drug diffusion from the
polymer matrix. Both of these factors contribute to change in the drug release mechanism and
hence the changes observed in the release profiles of all three formulations. Nevertheless, the
accelerated tests at both 45 and 53 °C were able to distinguish the three formulations. Drug
release testing performed at 53 °C may be more suitable for quality assurance purposes due to

the significant reduction in the duration of release testing.

3.4.  Invivo pharmacodynamics

From the in vitro release tests the F-3 formulation was selected as the most promising
formulation to achieve long-term continuous dexamethasone release in vivo. The F-1 formulation
is unsuitable due to the extremely long lag phase (5 months). The F-4 formulation is unsuitable
due to the short duration of drug release (1.5 months). The F-3 formulation is superior to the F-2
formulation since it has a slightly higher daily dose. The F-3 formulation was able to control the
foreign body reaction for 4.5 months while the blank formulations triggered both acute and
chronic inflammation. (Figure 4) The control group exhibited different stages of the foreign body
reaction: 1) inflammatory cell recruitment (mostly neutrophils as indicated by the red arrows) at
day 3; 2) fibroblast activation and alignment at day 14 (indicated by green arrows); and 3)
fibrous encapsulation (indicated by yellow arrows) at 4.5 and 5.5 months. The composites
prepared using the F-3 formulation were able to prevent both acute inflammation (no
inflammatory cell accumulation at day 3) and chronic inflammation (no activated fibroblast or
formation of fibrous encapsulation) up to 4.5 months. At 5.5 months post implantation, fibrous

encapsulation was observed for the F-3 formulation composites indicating that dexamethasone
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was depleted or was released at an insufficient dose at this point. The in vivo performance of
the F-3 formulation is therefore consistent with its in vitro release profile. This continuously
releasing (4.5-month) formulation has the longest duration of action of any dexamethasone
microsphere formulation reported thus far. An even longer duration of action (approximately 7

months) could be achieved using a mixture of the F-1 and F-3 formulations.

4. Conclusions

The current study established the concept of blending different PLGA polymers to achieve
continuous and long-term drug release from PLGA microspheres by integrating the benefits of
both small and high Mw polymers. The low Mw PLGA increases water absorption into the
polymer matrix and generates acidic oligomers/monomers which facilitates the autocatalysis of
the high Mw polymer resulting in a smoother release profile. A polymer blend based
dexamethasone microsphere/hydrogel formulation with continuous drug release and in vivo
efficacy of 4.5 months was achieved. This formulation has the longest duration of action among
any reported dexamethasone microsphere formulations thus far. In addition, it may be possible to
further extend the duration of action in vivo to approximately 7 months by mixing two of the
microsphere formulations reported here. The composition of the polymer blends is critical to the
release profile. One formulation blending the low and high Mw polymer at a 50:50 ratio
exhibited high burst and short duration of drug release due to polymer phase separation during
the microsphere formation process. In addition, accelerated drug release methods were
developed under elevated temperature conditions to significantly shorten the testing period from

months to days while retaining the ability to discriminate among the various formulations. The
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successful development of a long-term effective composite coating paves the way for the

realization of long-term, totally implantable continuous glucose monitoring systems.
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Figure Captions

Figure 1. Scanning electron micrographs of microsphere formulations prepared using blends of
PLGA polymers at various mass ratios: DLG7E/RG503H (w/w)=1/0, 3/1, 2/1 and 1/1 for F-1
(A), F-2 (B), F-3 (C) and F-4 (D), respectively.

UCONN
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Figure 2. In vitro release profiles of microsphere/PVA hydrogel composite formulations at
37 °C. The cumulative % release was plotted as mean + SD (n=3). Different ratios of

polymers were used to prepare the microspheres: DLG7E/RG503H (w/w) = 1/0, 3/1, 2/1 and 1/1

for F-1, F-2, F-3 and F-4, respectively.
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Figure 3. In vitro release profiles of microsphere formulations at elevated temperatures of 45 °C
(A) and 53 °C (B). Different ratios of polymers were used to prepare the microspheres:
DLG7E/RG503H (w/w) = 1/0, 2/1, and 1/1 for F-1, F-3 and F-4, respectively. In vitro release
profiles of microsphere formulations at both “real-time” and elevated temperatures (45 °C and
53 °C) of the F-1 (C), F-3 (D) and F-4 (E) formulations.
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ACCEPTED MANUSCRIPT

Figure 4. In vivo pharmacodynamics of implanted composite coated dummy sensors in rats.
Stars indicate where the implants were located, the red arrows indicate inflammatory cell
infiltration during the acute inflammatory phase, the green arrow indicates activated fibroblasts
present during the transitional phase from acute to chronic inflammation, and the yellow arrows
indicate a fibrous capsule formed around the implants.
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Tables

Table 1. Composition and physical characteristics of microsphere formulations using polymer

blends

Formg  Dexame  PLGA PLGA Drug  Particle Size
i thasone  (DLG7  (RGs503  Loading  (bynumber, — Tg
(mg) E,mg)  Hmg VW pm) O
F-1 50 500 - 834+027 538+527 513
F-2 50 375 125 8.09+0.07 478+4.62 513
F-3 50 333 167 811+0.11 5.08+48% 503
F-4 50 250 250 7864004 443+442  48.1
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