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Abstract

In the last several decades, research in the field of drug delivery has been challenged with the
fabrication of carrier systems engineered to deliver therapeutics to the target site with sustained
and controlled release kinetics. Herein, we report the fabrication of microparticles composed of
two distinct compartments: i) one compartment containing a pH responsive polymer, acetal-
modified dextran, and PLGA (polylactide-co-glycolide), and ii) one compartment composed
entirely of PLGA. We demonstrate the complete release of dextran from the microparticles during
a 10-hour period in an acidic pH environment and the complete degradation of one compartment
in less than 24 h. This is in congruence with the stability of the same microparticles in neutral pH
over the 24-hour period. Such microparticles can be used as pH responsive carrier systems for
drug delivery applications where their cargo will only be released when the optimum pH window
is reached. The feasibility of the microparticle system for such an application was confirmed by
encapsulating a cancer therapeutic, irinotecan, in the compartment containing the acetal-modified
dextran polymer and the pH dependent release over a 5-day period was studied. It was found that
upon pH change to an acidic environment, over 50% of the drug was first released at a rapid rate
for 10 h, similar to that observed for the dextran release, before continuing at a more controlled
rate for 4 days. As such, these microparticles can play an important role in the fabrication of novel
drug delivery systems due to the selective, controlled, and pH responsive release of their
encapsulated therapeutics.
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1. Introduction

Currently, the administration of therapeutics is hampered by the accurate control over
bioavailability. These shortcomings lead to patient compliance issues, and, in some cases,
severe side effects and drug resistance [1,2]. The use of drug delivery microcarriers can
provide an alternative for the administration of therapeutics, [2] because microparticles have
the potential to act as a depot, initially protecting the encapsulated therapeutic and releasing
the drug in a manner that can ideally be adjusted to the pharmacokinetics of a selected
therapeutic [3,4]. In addition, such carriers can be biocompatible and/or biodegradable and
intrinsically harmless to the body [5,6]. First formulations have been evaluated in clinical
trials and some have already been turned into pharmaceutical products [7,8]. While these
early formulations have demonstrated the clinical potential of prolonged release
formulations, these carriers are still far from optimal and lack important aspects, such as
tailored release kinetics [9]. Another concern is that, as delivery carriers become more
efficient in increasing local therapeutic concentrations, the risks associated with the
unsolved issue of cellular drug resistance can arguably be elevated [10,11].A promising
approach to avoid drug resistance may be the combined use of multiple therapeutics. This
delivery will require complex release profiles to accommodate the differences in the
pharmacological windows of the respective drugs [12]. Thus, a new generation of drug
carriers is needed that can release (i) two or more drugs; (ii) with fully decoupled release
profiles. If chosen carefully, such carrier systems would also benefit from possible
synergistic effects of the drugs that can further enhance the therapeutic efficacy of the
combined delivery [13,14]. Several researchers have proposed possible strategies for the
incorporation of complex release profiles in carrier systems, some of which include the use
of stimuli responsive material for on-demand and complex release kinetics [9,15-18].
Responsive material can be highly sensitive to external stimuli such as pH, temperature,
light, and oxidative stress [18]. The structure and degradation of microparticles composed of
stimuli responsive material can then be controlled, and on-demand pharmacokinetics of the
encapsulated therapeutics can be achieved [16,18,19]. Beyond simple prolongation of the
release, [8] these drug carrier systems can be tailored to the therapeutic window associated
with a specific disease [15,17].

The challenge in developing such delivery systems has shifted towards the design and
preparation of the ideal carrier particles that can spatioselectively encapsulate separate
therapeutics and release them with distinct pharmacokinetics [9]. Current carrier systems
that are loaded with multiple therapeutics in a single isotropic particle lack this characteristic
and may even promote antagonistic cross-interactions between drugs [9,20-22]. Thus far,
several approaches have been developed to fabricate carrier systems that can selectively
encapsulate therapeutics in unique environments (composed of different materials) such as
capsules [18], LbL (Layer-by-Layer) particles [23,24], templated particles [25,26], core-
shell structures [27,28], and dendrimers [29,30]. While these strategies have allowed for the
spatioselective encapsulation of therapeutics, few have led to distinct release profiles of two
drugs from the same particle [31].

Alternatively, electrohydrodynamic (EHD) co-jetting [32] can result in anisotropic particles
with distinct internal geometries [32—37]. The unique multicompartmental architecture
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allows for the possible incorporation of multiple therapeutics — and polymers — in selected
compartments and can result in distinct release profiles for each therapeutic. While most of
the work published using EHD co-jetting has focused on the use of similar polymers in
different compartments, [35,36,38,39] our more recent work has demonstrated the
incorporation of a variety of different polymers, such as hydrogels (e.g., poly(ethylenimine)
and poly(ethylene oxide)) [37,40], polysaccharides (dextran) [41], or poly(acrylamide-co-
acrylic acid) [42], poly(methyl methacrylate) [37], poly(styrene) [37], and poly(vinyl
cinnamate) [37,43,44]. In addition, we have also illustrated the incorporation and release of
siRNA from bicompartmental particles with pronounced efficacy in an /n vitro model [40].
In this manuscript, we demonstrate the selective incorporation of a stimuli responsive
polymer in bicompartmental microparticles via EHD co-jetting and confirm the anisotropic
degradation of one compartment only. We further demonstrate the incorporation of a low
molecular weight cancer therapeutic selectively in one compartment and display pH
dependent release from anisotropic microparticles.

2. Materials and methods

2.1. Materials

Dextran, chloroform, dimethylformamide (DMF), dimethyl sulfoxide (DMSO), pyridinium
p-toluenesulfonate, 2-methoxypropane triethylamine, acetic acid, sodium acetate, phosphate
buffered saline (PBS), poly|[tris(2,5-bis(hexyloxy)-1,4-phenylenevinylene)-a/t-(1,3-
phenylenevinylene)] (PTDPV) as the green marker for confocal imaging, poly[(m-
phenylenevinylene)-a/t(2,5-dihexyloxy-p-phenylenevinylene)] (MEHPV) as the blue
marker for confocal imaging, and tween 20 were used as purchased from Sigma Aldrich,
USA. Polylactide-co-glycolide (PLGA) with a ratio of 50:50 lactide-to-glycolide and a
molecular weight of 44 kDa was purchased from Corbion Purac Corporation. Irinotecan was
purchased from Ontario Chemicals.

2.2. Polymer 1 synthesis and analysis

Acetal-modified dextran (polymer 1) was synthesized as previously described by Fréchet et
al. [45]. The polymer was analyzed via IR and NMR spectroscopy to confirm the presence
of the appropriate functional groups and polymer purity. The analysis for the degree of
protection and cyclic vs. noncyclic protection was done through NMR analysis.

2.3. Electrohydrodynamic Co-jetting

Microparticles were fabricated using the electrohydrodynamic co-jetting procedure as
described previously [39]. The jetting solutions were made with a 97:03 ratio of chloroform
to DMF and a polymer concentration of 15% w/v. For compartments that contained polymer
1, 75% wiw of the total polymer was polymer 1 while the rest was PLGA. Bicompartmental
microparticles containing PLGA in one side and a mixture of PLGA and polymer 1 in the
second hemisphere were fabricated using side-by-side 26 gauge needles and a voltage of
approximately 6-7 kV. EHD co-jetting was done at a flow rate of 0.4 ml/h, a needle-to-
substrate distance of 30 cm, and at room temperature. A metal sheet acted as the counter
electrode, onto which the microparticles were deposited and then collected for further
processing. The jetted microparticles were imaged via CLSM (Confocal Laser Scanning
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Microscopy) using an Olympus Confocal Microscope, and an Amray SEM (Scanning
Electron Microscopy), at the Microscopy & Imaging Laboratory facilities at the University
of Michigan.

2.4. De-protection of polymer 1 and soluble dextran release analysis

Microparticles containing polymer 1 in one compartment were tested for dextran
deprotection and release in acidic and neutral conditions at physiological temperatures. The
neutral buffer (pH 7.4) used was PBS and the acidic buffer (pH 5) is a mixture of acetic acid
and sodium acetate [45]. Both buffers contained 1% Tween 20 (v/v). Different aliquots were
tested via the Bicinchoninic Acid (BCA, ThermoScientific) test to determine the amount of
dextran released.

2.5. Zeta potential measurements

The pure PLGA microparticles and polymer 1 containing microparticles were dispersed in
DI water with 0.01% Tween 20 (v/v) and their zeta potential was measured with a Malvern
Zetasizer. Each measurement was done in triplets.

2.6. Microparticle porosity and degradation analysis

Fabricated anisotropic microparticles were suspended in neutral or acidic buffers, filtered
through a 10 pm filter mesh, and placed in a 37°C incubator. Samples were taken every 5 h,
washed 3-5 times with DI water, and imaged via SEM. Microparticle diameter
measurements were done using Image-J software [46-48]. More than 150 microparticles
were measured per sample.

2.7. Encapsulation of therapeutics and release data

Drug loaded microparticles were fabricated using the same procedure as described above.
Here, the drug, irinotecan, was mixed in the jetting solution containing polymer 1 prior to
the jetting. The encapsulation was done as a drug-to-polymer ratio (5:100, 10:100, 25:100,
and 50:100). These ratios correspond to 2.4, 4.8, 11.1, and 20% drug loading of the particles,
respectively, taking into account both compartments. The drug loading was calculated as the
drug mass divided by the combined mass of the polymer and drug.

For release studies, the microparticles were collected from the counter electrode and 20 mg
of the microparticles was dispersed in 5 ml at pH 7.4. The solutions were then placed in
dialysis membrane tubing before inserting them into containers filled with 35 ml of the same
buffer. The dialysis membrane separated the internal solution and limited the diffusion of
material at a cut-off range of 100 kDa, thereby allowing the diffusion of the drug, but not the
particles, out of the membrane. The samples were incubated at 37°C. Eight samples were
prepared for each of the drug-to-polymer ratios. At predetermined intervals, the membranes
were switched to a new container with fresh buffer, and the buffer containing the released
drugs was measured using a UV spectrometer to determine the amount of drug released
according to a calibration curve. The amount released at each stage was added to the
previous amounts to determine the total amount of drug released at each fixed point. At 24 h,
four out of eight samples for each ratio were centrifuged down and the buffer was fully
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replaced with a pH 5 buffer. The samples were placed back in the incubator and the release
was continued with 4 samples at pH 5 and 4 samples at pH 7.4.

and discussion

Herein, we report on the fabrication and analysis of drug carriers with distinct
compartments; each composed of a chemically distinct polymer (Fig. 1). The polymers
employed were polylactide-co-glycolide (PLGA) and acetal-modified dextran (1). PLGA is
a biodegradable polymer widely used in the biomaterials field for its versatility and
tunability with respect to its molecular weight and lactide-to-glycolide ratio. These factors
determine the PLGA degradation rate and its physical characteristics [49,50]. Here, we have
used a 40-kDa PLGA polymer with a 50:50 lactide-to-glycolide ratio.

Unmodified dextran polymers are water-soluble polysaccharides that have been used
extensively in many biomaterial applications [51]. It is this water-solubility, however, that
limits the broader use of dextran for drug delivery and tissue engineering, because drug
carriers, implants, or scaffolds fabricated from dextran will dissolve in water within a matter
of minutes [52]. Masking of the hydroxyl groups on the backbone of the dextran polymer
can render this polymer water-insoluble and thereby increase its applicability in this field.
Depending on the type of chemistry used, this protection can be pH responsive and, in so
doing, a polymer that can be water soluble or insoluble upon demand can be synthesized
[45,53,54]. In addition to PLGA, we have employed polymer 1, as a pH responsive polymer
that is water-insoluble at physiological pH, but water-soluble in acidic environments [45].
This change in solubility is caused by the hydrogen-catalyzed cleavage of the acetal groups
that chemically protect the hydroxyl groups of the unmodified dextran (Fig. 1). Here
polymer 1 can potentially be used in the fabrication of pH sensitive carriers that can respond
selectively to specific physiological or pathophysiological cues such as the extracellular
matrix surrounding tumors and inflamed tissue [16,55].

Polymer 1 was synthesized according to previously published procedures, [45] and the
synthesis was characterized by NMRanalysis. Based on this analysis, approximately 75% of
the hydroxyl moieties of the polysaccharide were protected with acetal groups. Among the
protected moieties, the ratio of cyclic to noncyclic units was approximately 1.1:1. This
degree of protection resulted in a polymer that was water-insoluble in physiological pH,
while retaining some of its polar characteristics due to the small amount of free hydroxyl
groups. Upon incubation at acidic pH, the acetal groups were cleaved, de-masking the
original hydroxyl groups of the polysaccharide and lead to a water soluble polymer [45].

Upon confirmation of the polymer structure and characterization, we focused on the
preparation of anisotropic microparticles from these polymer systems. The
electrohydrodynamic (EHD) co-jetting process has been developed in our laboratory [32]
and has been established as a reliable, reproducible, and versatile method for the fabrication
of mono-dispersed anisotropic microparticles and fibers [34-36,39,56]. In the EHD process
(Fig. 1), multiple polymer solutions are flown in a laminar regime through syringes tipped
with metal needles [38]. The needles are connected to a high voltage source, which is
grounded via a metal collector placed at a defined distance from the tip of the syringes. As a
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DC voltage is applied to the needles, the solutions at their tip form into a Taylor cone [57].
At the end of this Taylor cone, a thin, high-speed jet is formed that travels toward the
grounded collector. The jet exiting the tip of the Taylor cone becomes thinner and eventually
breaks into small droplets. During this process, the solvents evaporate rapidly, leaving
behind solid anisotropic microparticles that are collected on the counter electrode [33]. Due
to the rapid evaporation of the solvents and the laminar flow regime used, the polymers do
not have sufficient time to mix, and thus result in microparticles with distinct compartments.
In these microparticles, the number of compartments is determined by the number of
individual needles used for the fluid manipulation [33,35]. Because we were interested in
developing environmentally responsive bicompartmental microparticles, we selected
polymer 1 and PLGA in one compartment and pure PLGA in the second compartment (Fig.
1). We hypothesized that such microparticles would be anisotropically responsive in low pH
environments, where one of the compartments would rapidly degrade and the other would
remain stable, while being isotropically responsive in physiological pH environments, where
both compartments would remain stable.

First, we fabricated bicompartmental microparticles containing a mixture of polymer 1 and
PLGA in the same compartment. For the microparticle fabrication, several different PLGA’s
were explored featuring various molecular weights and lactide-to-glycolide ratios, as well as
different dextran polymers with varying percentages of acetal protection. Ultimately, the 40
kDa, 50:50 PLGA was used due to its relatively faster degradation period, which might be
suitable for drug delivery applications. For the compartment containing polymer 1, we
observed that the polymer was more polar than PLGA. In order to create a homogeneous
solution for jetting and to ensure that the polymer was still water-insoluble, a protection
yield of 75% was found to be optimal for polymer 1.

The bicompartmental microparticles containing polymer 1 were characterized by Confocal
Laser Scanning Microscopy (CLSM) and Scanning Electron Microscopy (SEM), as shown
in Fig. 2. The CLSM images indeed confirmed the bicompartmental geometry of the
microparticles, which contained a green polymeric dye (PTDPV) in the first compartment
(PLGA + polymer 1) and a blue polymeric dye (MEHPV) in the PLGA compartment. Fig.
2A and B displays the blue (DAPI) and green (FITC) channels, representing the two separate
compartments. Fig. 2C is an overlay image of the two channels confirming that the dyes do
not mix and that the microparticles are, therefore, composed of distinct compartments. The
three-dimensional shape and size distribution of the microparticles were assessed by SEM
(Fig. 2D). Using the Image-J analysis software [46-48], it was found that the as-jetted
microparticles are approximately 8.4 £ 0.07 um in diameter on average, with few, larger
microparticles at 10-15 um that were easily removed via filtration.

The polymer 1 containing microparticles were stable and similar in properties to PLGA
microparticles when incubated in a PBS buffer and kept for 24 h at physiological pH and
temperature. The stability of the microparticles in terms of their three-dimensional shape is
confirmed in Supplemental Fig. 1. Moreover, unlike PLGA microparticles that require
stabilizers such as a polyethylene glycol (PEG) or surfactants to disperse in aqueous solvents
[58,59], microparticles containing polymer 1 were well dispersed without the need for
further surface modification. This can be attributed to the residual hydroxyl groups of
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polymer 1. While most hydroxyl groups are protected (75%), the polymer still retains
enough free hydroxyl groups to make the surface of the microparticles hydrophilic and keep
them dispersed in an agueous medium. This assumption was further supported by zeta
potential measurements, which allowed for approximating the surface charge of the
bicompartmental microparticles. The graph in Fig. 3 displays the differences in surface
charge between pure PLGA microparticles and polymer 1 containing microparticles. PLGA
microparticles have a zeta potential of —4.5 + 1.2 mV, while polymer 1 containing
microparticles have a more negative zeta potential measurement of —15.6 + 2.1 mV. These
results confirm that the polymer 1 containing microparticles are more hydrophilic and polar
than PLGA microparticles due to the free hydroxyl groups present on their surface.

To verify the anisotropic nature of these microparticles and their ability to selectively
respond to environmental changes, microparticles were incubated in two different pH
environments, pH 5 and pH 7.4, at physiological temperatures and the release of free dextran
and its effect on the structure of the microparticles were quantified. As illustrated in Fig. 4,
the release of dextran was observed at acidic pH, while no dextran was released at pH 7.4,
indicating that soluble dextran is released only in the acidic environment. The small burst
release observed in the pH 7.4 sample is most likely due to a small fraction of polymer 1
with a lower level of protection that can make this polymer water soluble. Overall, these
results confirm that a differential release of water-soluble dextran from our microparticles
can be achieved.

To quantify the effect of dextran release on the structure of the microparticles, filtered
microparticles (to remove a small fraction of larger microparticles) were incubated in two
different pH environments (pH 5 and pH 7.4) at physiological temperatures and their
degradation Kinetics were monitored via SEM imaging (Fig. 5). The initial dextran release
studies (Fig. 4) confirmed that the release of dextran was completed within 10 h of
incubation. Hence, the appearance of pores due to this release should be observed within that
period, followed by rapid bulk degradation of the rest of the compartment (now composed of
PLGA) due to the porous remaining network. Pores were observed within the first 10 h of
incubation: within 5 h (Fig. 5B) small pores covered one half of the microparticles in
comparison to the control at pH 7.4 (Fig. 5F). After 10 h, larger pores were observed (Fig.
5C), as all of the dextran was released. By this time, the size of the microparticles had also
decreased and bulk erosion of the PLGA material had begun. After 15 h (Fig. 5D) very few
pores could be seen as most of the porous compartment had eroded away. Complete
degradation of one side was observed within 20 h (Fig. 5E). In comparison, the same
microparticles incubated at pH 7.4 for 20 h (Fig. 5F) remained intact and were
approximately twice the size of those incubated for the same period in the acidic
environment.

In order to quantify the results and confirm the complete and exclusive degradation of one
compartment, the size of the microparticles as a function of time was quantified using
Image-J software [46—-48]. The analysis was done based on SEM images taken of the
microparticles at zero, 5, 10, 15, and 20 h for both pH 5 and 7.4 incubations. As seen in Fig.
5G, the pH 7.4 samples were consistent in size 8.29 + 0.07 um, while the pH 5 samples
decreased to approximately 60% of their original size 5.18 + 0.06 um. Based on this
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analysis, as well as the SEM images, we have demonstrated the fabrication of anisotropic
microparticles and control on the selective elimination of one compartment through stimuli
responsive chemical degradation.

Based on these results, we hypothesized that we could use this system to deliver cancer
therapeutics with on-demand release kinetics. To test this hypothesis, microparticles
encapsulating different amounts of irinotecan, a low molecular weight anti-cancer
therapeutic, in the compartment containing polymer 1 were fabricated. Microparticles with a
range of different drug-to-polymer ratios (5:100 to 50:100, drug: polymer ratio, wt./wt.)
could be fabricated using the same polymer formulation and processing parameters. Even
for extremely high loading ratios of up to 50:100, microparticles were obtained that
maintained similar size and shapes to unloaded microparticles. Next, four different
microparticle sets were fabricated with drug-to-polymer ratios of 5:100, 10:100, 25:100, and
50:100. We hypothesized that at physiological pH, there would be a relatively slow release
of the drug from our microparticles, while in acidic pH, there would be a rapid release of the
majority of the drug. Finally, the rapid release at pH 5 was anticipated to follow a similar
pattern (time and rate) as that of the dextran release (Fig. 4).

To test this hypothesis, release studies were conducted with the bicompartmental
microparticles. Two sets of samples (4 repetitions each) were used for each drug-to-polymer
ratio. For the first 24 h both sets were incubated at pH 7.4 to determine if the release
between the sets were consistent, then one set was switched to pH 5 while the other was kept
at pH 7.4 as a control. As predicted, the two sets were consistent with a slow release of
irinotecan during the initial 24-hour period, after which point the samples were switched to
pH 5 and underwent rapid release. Meanwhile, the reference samples, stored at pH 7.4,
continued to display a very slow release (Fig. 6B). The detectable, albeit small, burst and the
continuous release thereafter match those of the dextran release at the same pH (Fig. 4). We
note that the rapid release of irinotecan at pH 5 is consistent with our previous results. While
the majority of the compartment was composed of polymer 1, there is still a significant
PLGA component in this compartment (25%), which, does not completely degrade within
the 10-hour period and retains some of the irinotecan. Thus, irinotecan can be released in
two stages: a rapid stage through the release of polymer 1 within a 10-hour period and a
slower release phase as the PLGA component degrades.

In addition to establishing that pH-triggered, on-demand release of therapeutics can be
achieved with bicompartmental microparticles, we were also able to demonstrate that the
rate and amount of release can be tuned, depending on the amount of the therapeutic
encapsulated in the microparticles. As demonstrated in Fig. 6, as the drug-to-polymer ratio
was increased (Fig. 6D to Fig. 6A), the amount of drug and the rate of release were also
increased. This is in agreement with previously published results [60] confirming that at
higher drug concentrations, the release of the therapeutic is faster due to percolation effects
[61,62]. This is particularly evident in the case of the microparticles with a drug-to-polymer
ratio of 50:100 (Fig. 6A) where the release of the drug is very fast, irrespective of the pH of
the release environment.
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Another potentially useful characteristic of bicompartmental carriers containing polymer 1 is
their ability to localize high drug content in one compartment without spill over into the
second one. This is a feature that was not possible in microparticles containing PLGA. Fig. 7
displays the selective encapsulation of the drug, irinotecan, at high drug-to-polymer
concentrations (25:100) in the same compartment containing polymer 1 (Fig. 7A). For
comparison, the same drug at the same concentrations was also loaded in bicompartmental
microparticles comprised of PLGA in both compartments. For microparticles without
polymer 1, diffusion of the drug between the two PLGA compartments was observed (Fig.
7B). In contrast to the microparticles containing polymer 1, irinotecan is distributed
throughout the entire microparticle as indicated by the overlay of the blue fluorescence from
irinotecan (Fig. 7A3 and B3) and green fluorescence used to label the irinotecan-free
compartment (Fig. 7A2 and B2).

Particles containing polymer 1 can play an important role in the delivery of cancer
therapeutics due to their on-demand and tunable characteristics. Such particles can be used
for the local delivery of cancer therapeutics by direct injection into the tumor site in cases
where the resection of the tumor is not possible without major damage to the surrounding
organs (i.e. intracerebra, pancreatic, glioblastoma, and gastric unresectable tumors) [63-65],
or for prolonged release of therapeutics in the resected areas to avoid the growth of recurrent
tumors, similar to already available products such as the Gliadel® wafers [66—68].
Microparticles have a potential advantage in such cases over their nano-sized counterparts
due to their higher drug loadings, prolonged release of the loaded therapeutics, and slower
clearance by macrophages due to their larger size (optimal size for macrophage uptake is 2—
4 um) [69]. In addition to these advantages, direct injection into the tumor site provides
additional benefits including lower side effects, one-time administration and higher patient
compliance, and direct access to the cancer sites in difficult to target areas such as the brain
due to the blood-brain barrier [68].

In this study, we have demonstrated the fabrication of environmentally responsive
anisotropic microparticles for the delivery of the anti-cancer drug irinotecan. Further, we
have characterized their on-demand degradation kinetics and have established their
application as pH responsive drug delivery vehicles. Future directions of this work include
the incorporation of a second therapeutic or an imaging agent in the other compartment. In
addition, the fabrication of nanoparticles and surface modification of such particles for the
inclusion of targeting moieties will be investigated.

Supplementary data to this article can be found online at http://dx.doi.org/10.1016/j.jconrel.
2013.08.017.
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Refer to Web version on PubMed Central for supplementary material.
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Particle fabrication procedure and hypothesized structure of particles depending on pH of
environment. The table contains the polymer characterization information of polymer 1.
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2
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Fig. 2.

Ct?aracterization of microparticles containing polymer 1 + PLGA in one compartment and
PLGA in the other compartment. A.—C.) Confocal images of the particles, where A.) is the
blue channel (PLGA compartment), B.) is the green channel (PLGA + polymer 1
compartment), and D.) is the overlay of the two images. E.) SEM image of the particles
showing their three-dimensional shape and size. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)
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Zeta potential measurements of PLGA and PLGA + polymer 1 containing microparticles.
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Fig. 4.
Release of dextran from bicompartmental microparticles. The release at two pH values, pH 5

and 7.4, are displayed.
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Characterization of polymer 1 containing microparticles in two different pH environments.

A.—F.) SEM images of the microparticles overtime in pH 5 and 7.4. G.) Change in the

microparticle diameter over time based on Image-J analysis.
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Release of irinotecan from bicompartmental microparticles. A.—D.) Release profiles from
microparticles with drug-to-polymer ratios of 50:100 (A.), 25:100 (B.), 10:100 (C.), and
5:100 (D.). The solid lines are of the release in pH 5 and the dotted lines are the release in

pH 7.4.
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Fig. 7.

Segl|ective encapsulation of irinotecan in microparticles. A.) In polymer 1 containing
microparticles, irinotecan (autofluorescing in blue channel) is compartmentalized in one
compartment, as the two dyes do not mix in the overlay image (A3.). B.) In the PLGA
containing microparticles, the encapsulated irinotecan is not compartmentalized, as in the
overlapped image, B3.), the blue dye is in both compartments. The structure of the drug,
irinotecan, and the polymers, polymer 1 and PLGA, are displayed in C1-3.
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