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Abstract

Oral extended-release delivery of Biopharmaceutics Classification System (BCS) class Il and Il compounds is
desirable in order to decrease dosing frequency and potential adverse effects. Maintaining an extended-release profile
of the drug is ideal to minimize fluctuations in plasma concentrations. The main objective of this research was to
formulate a polymeric microsphere drug delivery system that will effectively provide extended-release characteristics
via an orally administered capsule. Using acetaminophen and ibuprofen as model drugs, this drug delivery system was
shown to provide extended-release characteristics of the drug for enhanced efficacy. The biodegradable polymeric
matrix was formulated using bovine serum albumin (BSA) with glutaraldehyde as the crosslinker. The drug of interest
was then encapsulated into the polymeric matrix and spray-dried into microspheres. Once prepared, the drug-loaded
microsphere powder was placed into hard gelatin capsules. The physicochemical properties of the microsphere
formulations were characterized. Additionally, differential scanning calorimetry was utilized to examine the thermal
stability of the encapsulated drug. Release studies were conducted in vitro to examine the release profile of the drug.
Cell uptake studies were carried out to examine the internalization capability of microsphere formulations. Drug-
loaded microspheres were found to be approximately 2 microns in size and exhibited a uniform size distribution. Zeta
potential measurements were shown to be approximately -30 mV, which indicated that the microspheres are stable in
dispersions. Release data showed a constant release of the drug from the microsphere and capsule formulations for at
least 16 hours. Formulated microspheres were able to be internalized into human intestinal Caco-2 cells. These data
provided evidence for the role of the microsphere delivery system in the extended-release delivery of BCS Class Il and
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Il drug substances.
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Introduction

All drug substances require a delivery system for transport,
maintenance of stability, and delivery into the body. Advancements
in the field of pharmaceutics have led to the development of a variety
of dosage forms and drug delivery systems [1-3]. Despite major
technological advancements in the field, oral administration via tablets
and capsules remains the most convenient and preferred route for drug
delivery due to its non-invasive nature, low cost, and patient compliance
[4]. Although oral administration is desired, effective drug delivery
continues to be challenging. The nature of the gastrointestinal (GI)
tract, including the high enzymatic activity and acidic environment of
the stomach can hinder absorption [5]. Additionally, drugs that exhibit
a short half-life must be administered in multiple daily doses, which can
be inconvenient and have a negative effect on patient compliance. There
is an inverse correlation between the frequency of dosing and patient
acceptance and compliance [6,7]. Consequently, the development of oral
extended-release delivery system technologies and dosage forms with
enhanced efficacy and bioavailability is highly desired. Oral extended-
release delivery of Biopharmaceutics Classification System (BCS) class
IT and III compounds is desirable in order to decrease dosing frequency
and potential adverse effects. Maintaining an extended-release profile
of the drug is ideal to minimize fluctuations in plasma concentrations
[7]. These fluctuations can result in either toxic or subtherapeutic effects
for the patients. In addition, oral extended-release drug preparations
should enhance convenience and patient compliance.

Oral extended-release dosage forms have been developed and
commercially available for a number of drugs. Technologies currently
utilized to produce extended-release delivery systems include, but are

not limited to, hydrophilic matrix systems, coated beads or granules,
inert plastic matrix systems, complex formation, and diffusion-mediated
osmotic pump systems [8]. Despite some progress, oral extended-
release drug products have not yet reached their full potential in the
clinic. Conventional technologies have low drug loading capacity, high
production costs, or laborious production steps [4,9]. Consequently, our
research aimed to develop oral extended-release capsule formulations
using the microsphere drug delivery system. Microspheres are particles
often composed of an outer polymeric matrix layer of either synthetic
or natural components, such as albumin, gelatin, or poly-lactic-co-
glycolic acid (PLGA) [10,11]. Albumin, the carrier protein used in this
present study, is an ideal component of microsphere particles due to its
purity, ease of incorporation, stability, modification of drug release, and
antigenicity [12]. Microspheres fall in the range of 1-1000 microns in
diameter. There are a number of advantages to utilizing microspheres
as the technology of choice, including prolonged in vivo half-life,
decreased generalized drug toxicity, improved patient compliance, and
increased stability [13-18].
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The main objective of this research was to formulate a polymeric
microsphere drug delivery system that will effectively provide
extended-release characteristics via an orally administered capsule.
Acetaminophen (BCS class IIT) and ibuprofen (BCS class II) were used
as model drugs. A Class I drug has low solubility and high permeability,
and a Class III drug has high solubility and low permeability [7].
Microspheres in our study were developed using a quick, one-step
spray drying process. Presently, there are a number of methods for
the preparation of microspheres, which include solvent evaporation,
solvent deposition, phase separation, emulsification, desolvation, and
spray drying [19,20]. Many of these methods require the use of high
temperatures in excess of 110°C or organic solvents that can potentially
lead to drug degradation and loss of drug efficiency [17,21-23]. In our
study, microspheres were prepared using spray-drying. Spray drying is
a progressive technology that has been in use in the pharmaceutical
industry since the 1940s [24,25]. Spray drying operates based on the
atomization of a dispersion of polymer containing the drug of interest
in a drying chamber. The liquid dispersion is quickly evaporated in
the chamber with the heated incoming air. This process transforms
the small atomized droplets into microspheres. Microencapsulation
by spray drying can protect the active drug against degradation and
provide modified-release of the drug [26,27]. Recently, Martins et
al. [28] demonstrated that spray-drying may lead to changes in the
physical properties and dissolution characteristics of drug substances
to improve therapeutic action. Using spray drying as the method for
the production of drug-loaded microspheres, data from our previous
in vivo animal studies suggested that enhanced efficacy of drug could
be achieved by encapsulating it in a biodegradable albumin polymeric
matrix [14,15]. The current research focused on a novel approach of
designing and formulating extended-release capsule products using a
microsphere delivery system. This formulation design should aid in
preparing oral extended-release products for efficacious treatment and
management of various diseases.

Materials and Methods
Chemicals

All chemicals used were of reagent grade or higher quality and
were used as received without any further purification. Chemicals were
obtained from Fisher Scientific, Inc. (Pittsburgh, PA), unless otherwise
noted in the manuscript.

Formulation and Preparation of Microspheres

To develop optimized extended-release oral drug formulations,
various concentrations of BSA (1%, 2% and 5%) and glutaraldehyde
(0.05%, 0.1%, 0.5% and 1%) were tested. Bovine serum albumin (BSA)
wasdissolved in purified water and crosslinked with glutaraldehyde at the
desired concentration for 24 hours at room temperature. After optimal
crosslinking, sodium bisulfite, in a concentration two times that of the
glutaraldehyde, was added to the dispersion and placed on the shaker
for approximately 5 minutes to neutralize the excess glutaraldehyde.
The model drugs in this investigation were acetaminophen (BCS Class
III) and ibuprofen (BCS Class II). Upon completion of the crosslinking
process, each model drug was incorporated into the crosslinked BSA
dispersion to achieve a desirable loading (0.5%, 1% and 5%). Various
drug formulations were developed using either acetaminophen or
ibuprofen.

The liquid dispersion was then spray dried into microspheres using
the following parameters: pump feed rate 2%, inlet temperature 120°C,
outlet temperature 44°C, aspirator 85%, air flow rate 800 NL per hour.

Blank microspheres were obtained using the described procedures
without the addition of drug.

Preparation of capsules containing drug-loaded microspheres

Drug-loaded microspheres were placed into size #1 hard gelatin
capsules. Each capsule was fully packed and examined for weight
variation.

Percent recovery of microsphere formulations

The percent recovery from spray drying was calculated for each
microsphere drug formulation. The percent recovery was calculated by
the following equation:

total weight of microspheres

Recovery(%) = x100

total initial weight of all components in formulation
Drugencapsulation efficiency from microsphere formulations

For encapsulation efficiency studies, 1 g of microspheres containing
acetaminophen or ibuprofen were placed in a dialysis bag (MWCO 14
kDa) with 4.5 mL of PBS, pH 7.2 containing 0.1% sodium dodecyl
sulfate (SDS). The dialysis bag with this molecular weight cutoff
effectively blocks the passage of BSA, thus allowing the quantification
of drug concentrations. The dispersion was vortexed at regular interval
for 20 minutes. At predetermined time points within 24 hours, 2 mL
sample was withdrawn and stored at 4°C until analysis. An equal
volume of fresh PBS-SDS solution was added to maintain volume.
The collected samples were centrifuged at 14,000 x g for 10 minutes,
and the supernatants were analyzed for drug content. Acetaminophen
or ibuprofen drug concentrations were measured using a UV-Visible
spectrophotometer (Unico, SQ4802, Dayton, NJ) at 243 and 264 nm,
respectively. A standard curve for each drug was constructed for the
quantification of drug concentration from collected samples. The drug
encapsulation efficiency, expressed as a percentage, was calculated for
each microsphere formulation by the following equation:

amount of drug inside microspheres ¥100

Encapsulation Efficiency(%) =

theoretical weight of drug before encapsulation

Characterization studies of microspheres and capsules
containing drug-loaded microspheres

Size and surface properties of microspheres: Scanning
electron microscopy (SEM) was used to determine the particle size,
size distribution, powder uniformity, and surface morphology of
microsphere formulations. For each formulation, microsphere powder
was coated with gold prior to putting in the SEM (JEOL USA, Inc.,,
JEOL JSM 6610LV, Peabody, MA).

Zeta potential of microspheres: For each microsphere formulation,
2 mg/mL powder was dispersed in purified water, loaded into an optical
well, and the zeta potential was measured using a Zetasizer (Malvern
Instruments, Malvern Zetasizer ZEN1600, Westborough, MA).

Thermal stability of microspheres: Microspheres containing
acetaminophen or ibuprofen were characterized for their thermal
stability. Calorimetric scans were performed in a DSC Q100 calorimeter
(TA Instruments, New Castle, DE) at a heating rate of 10°C per hour.

Flowability characteristics of microsphere powder: The
flowability of the microsphere powder, using the angle of repose and
compressibility index, was determined using the procedures outlined in
the United States Pharmacopeia (USP) Chapter 1174 [29]. The angle of
repose is the maximum possible angle formed between the horizontal
base and the surface of a cone-like pile of powder material. For angle
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of repose measurements, the microsphere powder was allowed to
flow through a funnel, and the angle of repose (8) was calculated by
measuring the height (h) and radius (r) of the pile of the microsphere
powder [30,31]:

0=tan™" ﬁ
,

The compressibility index (Carr’s index), expressed as a percentage,
was calculated based on the bulk density (p,) and tapped density (p,) of
the microsphere powder [30,32]:

(Tapped Density - Bulk Density ) 100

Compressibility Index(%) = Tapped Density

Uniformity of capsules containing drug-loaded microspheres:
The weight variation and content uniformity of capsules containing
drug-loaded microspheres were evaluated per USP Chapter 905
guidelines [29]. Weight variation was conducted by weighing 10 empty
capsules individually. Each capsule was then filled with the microsphere
powder and re-weighed to obtain gross weight. The net weight of the
microsphere powder was obtained by subtracting the empty capsule
shell weight from the gross weight. The drug content of each capsule was
determined from the net weight. For content uniformity tests, the drug
content in each of the 10 capsules was determined individually. Drug
concentrations were measured using a UV-visible spectrophotometer
at 243 nm and 264 nm for acetaminophen and ibuprofen, respectively.

Disintegration characteristics of capsules containing drug-
loaded microspheres: The disintegration time of capsules containing
drug-loaded microspheres was conducted in a disintegration tester
(Caleva, DIST 20 series, Bedford, NH) using the procedures established
by the USP Chapter 701 [29]. Using the basket-rack assembly, one
capsule was placed in each of the six tubes of the basket, and the discs
were placed on top of capsules. The experiments were conducted
at 37°C using purified water as the medium. The time taken for the
capsules to completely disintegrate was recorded.

Drug release characteristics of capsules containing drug-loaded
microspheres: Drug release studies were conducted using a modified
USP type 1 dissolution apparatus (Distek dissolution apparatus water
bath, Model 2500C, North Brunswick, NJ) at 37°C and 75 rpm in 90
mL of phosphate buffered saline (PBS), pH 7.2. At predetermined time
intervals, 1 mL samples were taken and an equivalent volume of fresh
PBS was added to maintain constant volume.

Drug concentrations from collected samples were measured
using a UV-visible spectrophotometer at 243 nm and 264 nm for
acetaminophen and ibuprofen, respectively. Standard curves were
constructed for the quantification of drug concentrations. The Higuchi
analysis was carried out by plotting the square root time against percent
drug release.

Testing Frequency

Type of Study Storage Condition

(months)
Accelerated 40°C £2°C/75% RH £ 5% RH 0,1,2,3,4,5,6
Intermediate 30°C +2°C /65% RH + 5% RH 0,1,2,3,4,5,6

Table 1: Stability testing conditions of capsules containing drug-loaded
microspheres. RH = relative humidity.

Microsphere |Average Particle Zeta Potential Recovery Encapsulation

Formulations Size (um) (mV) (%) (%)
Blank 1.5+0.2 -30.1+£1.2 85
Acetaminophen 20+£0.2 -325+15 77 85
Ibuprofen 22+03 -30.0+1.7 70 80

Table 2: Characterization of microsphere formulations.

Stability testing of capsules
microspheres

containing drug-loaded

Stability testing of capsules containing drug-loaded microspheres
was conducted for 6 months under intermediate and accelerated
conditions, as depicted in Table 1, per FDA guidelines [33]. The physical
appearance and drug content from hard gelatin capsules were evaluated
at predetermined test intervals. Drug concentrations were determined
as described in the previous sections.

Cell uptake of microspheres

The uptake of microspheres was determined in human colorectal
adenocarcinoma Caco-2 cells (ATCC, Manassas, VA), using previously
established procedures [14,15,34,35]. Caco-2 cells were grown in DMEM
medium, supplemented with 10% FBS and 1% penicillin-streptomycin
at 37°C in a humidified environment of 95% air and 5% CO,. The
medium was changed every other day. Cells were subcultured after
80% confluency. Caco-2 cells were plated into 6-well plates at 500,000
cells per well and incubated until confluency. The culture medium was
replaced with fresh medium. Cells were treated with fluorescamine-
labeled microspheres at 1 mg/mL and 2 mg/mL drug concentrations.
The labeling of microspheres with fluorescamine was performed
according to previously established procedures [35]. At designated
time points, cells were washed three times with PBS to remove free
microspheres and then lysed with 500 pL of lysis buffer containing 10
mM Tris-HCI, pH 8.0, 150 mM NaCl, and 1% Triton X-100. The cell
lysate was analyzed for fluorescent intensity using a microplate reader
(SpectraFluor Plus, Tecan, San Jose, CA) with excitation at 390 nm
and emission at 465 nm. The uptake of microspheres was expressed
as the percentage of fluorescein from cells versus the fluorescein from
cultured medium.

Statistical analysis

For each study, the experiments were repeated twice. Data represent
mean + SD (n = 3).

Results and Discussion

Size and surface characterization of microspheres

In the present study, bovine serum albumin (BSA) was used as the
polymeric carrier for the microsphere drug delivery system. BSA is used
as a carrier due to its purity, ease of drug incorporation, desired drug
release, drug stability and antigenicity [12]. Polymeric microsphere
formulations were prepared by spray-drying and were characterized
for various properties. Representative properties of microspheres
from spray drying are shown in Table 2. The percent recovery of
microsphere formulations was from 70% - 85%. This high percentage
of recovery is important in the large scale production of microsphere
drug formulations. The encapsulation efficiency was calculated to be
from 80-85%, suggesting that spray drying is an effective method for
preparing drug formulations with high drug loading capacity.

Scanning electron microscopy was used to determine the size, size
distribution, uniformity, and surface morphology of the drug-loaded
microsphere formulations. Each of these physicochemical factors
has a profound effect on the release characteristics of the drug from
the delivery system. The SEM analysis indicated that microspheres
were spherical and uniform in shape (Figure 1), which is critical for
maintaining constant drug release properties. The average size of
microspheres was approximately 2 pum (microns) in size. Champion et al.
[36] showed that particles with a diameter of 2-3 pm exhibited optimal
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Figure 1: Representative microscopic image of blank microspheres at
10,000x magnification. The microsphere powder was coated with gold prior
to SEM analysis.
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Figure 2a: Differential scanning calorimetry thermogram of acetaminophen-
loaded microspheres. (A): acetaminophen; (B): bovine serum albumin; and
(C): acetaminophen-loaded microspheres.

phagocytosis. Additionally, our data showed that the Zeta potential
was -32.5 mV and -30.0 mV for acetaminophen and ibuprofen-loaded
microspheres, respectively. Zeta potential measurements provide
surface properties and stability information of the microspheres. These
values indicated that formulated microspheres are stable in aqueous
environments. Particles with Zeta potential of £30 mV are considered
stable [37-39].

Thermal stability characterization of

microspheres

drug-loaded

A critical component in the development of drug-loaded
microspheres is ensuring that the ingredients are not degraded when
subjected to spray drying. Thermal properties of drug formulations
indicate their overall stability; thus changes in the stability of a drug
during the formulation and preparation processes can be detected by
examining the changes in the thermal properties of the formulations.
In our study, thermal stability was assessed using differential scanning
calorimetry (DSC). Calorimetric scans were performed at a heating
rate of 10°C per hour. Representative thermograms of acetaminophen
and ibuprofen are shown in Figure 2A and 2B, respectively. In the heat

flow thermogram, thermal transitions appear as peaks, and the higher
the T (temperature at which 50% of the substance is degraded), the
more stable the formulation. Our data indicated that the drug substance
remains stable throughout the microencapsulation process by spray
drying, as indicated by an increase in the melting point temperature
(T).

Flowability characteristics of drug-loaded microspheres

The objective of our research was to develop oral capsule
formulations using microspheres as the platform technology for
providing extended-release. As a result, drug-loaded microsphere
powder was characterized for its flowability. These parameters are
crucial in the large scale manufacturing of capsule dosage forms. For
flowability, the angle of repose and compressibility index were measured.
Formulated microspheres showed an average angle of repose of 28° +
1°. A powder possessing an angle of repose of 25° to 30° is considered to
have “excellent” flow property [29]. Compressibility of the drug-loaded
microspheres was determined by the Carr’s (compressibility) index.
Drug-loaded microspheres had an average compressibility index of
21% + 0.5%, thus indicating a “passable” flowability characteristics [29].

Uniformity and disintegration rate of capsules containing
drug-loaded microspheres

Uniformity of capsules containing drug-loaded microspheres was
demonstrated by the weight variation and the content uniformity tests.
Capsules were uniform with regards to weight (99.5% + 0.5%) and drug
content (99.5% + 0.2%); thus, they met the uniformity tests based on
the USP guidelines [29]. Additionally, the average disintegration time
for capsules was 20 minutes + 3 minutes, which are consistent with the
disintegration rate of oral dosage forms.

Release studies of microspheres and capsules containing
drug-loaded microspheres

In our study, acetaminophen and ibuprofen were used as model
drugs. As shown in Figures 3A and 3B, the microsphere powder
displayed a steady release of the drug for 40 hours. Figures 3A and 3B
show the comparative release profiles of acetaminophen- and ibuprofen-
loaded microsphere formulations, respectively. For both ibuprofen and

1000

-1000

Heat Flow (mW/g)

-2000 ‘

-3000 T ' T T T T
50 100 150 200 250 300

Temperature (°C)

Figure 2b: Differential scanning calorimetry thermogram of ibuprofen-
loaded microspheres. (A): ibuprofen; (B): bovine serum albumin; and (C):
ibuprofen-loaded microspheres.
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highestabsorbance of the drug. Similarly, 1% BSA /0.05% glutaraldehyde
displayed the highest absorbance for capsules containing ibuprofen-
loaded microspheres (Figure 4B). Glutaraldehyde could be used at
0.05%, 0.1% or 0.5% when the polymeric BSA concentration is 1%. If a
higher BSA concentration is required, the glutaraldehyde concentration
should be optimized to provide the most desirable release profile.

Overall, our release data showed an initial burst release followed by
a steady release of drug for approximately 40 hours from microspheres,
indicating that the delivery system was effective in the release of drug
over time. The release characteristics of the capsule formulations

3
E
5 08 —+—1% BSA, 0.5% GLU, 1% APAP
Ne)
< 06 -#-1% BSA, 0.5% GLU, 5% APAP

04 —&—2% BSA, 1% GLU, 5% APAP

02

0 ; : ; ; : ; ; : ; |

Time (hr)

Figure 3a: Release profiles of microsphere formulations containing vari-
ous concentrations of acetaminophen. GLU= glutaraldehyde; BSA = bovine
serum albumin; APAP = acetaminophen. Data represent mean + SD (n=3).

Absorbance

0.3
—+—1% BSA, 0.5% GLU, 1% IBU
0.2 —&—1% BSA, 0.5% GLU, 5% IBU
0.1 =4 =2% BSA, 1% GLU, 5% IBU
0~ T T T T T T T T T 1

Time (hr)

Figure 3b: Release profiles of microsphere formulations containing vari-
ous concentrations of ibuprofen. GLU=glutaraldehyde; BSA=bovine serum
albumin; IBU = ibuprofen. Data represent mean + SD (n=3).

acetaminophen formulations, our data indicated that microspheres
could be loaded with either a 1% or 5% drug concentration and still
maintain an extended-release profile. All microsphere formulations
provided an initial burst release, which is highly desired to provide an
immediate dose of the drug in systemic circulation. The initial burst
release was followed by maintenance of extended release of the drug
substance for about 40 hours.

Prepared drug-loaded microsphere formulations were incorporated
into hard gelatin capsules as the goal of the present study was to deliver
microspheres using a conventional capsule dosage form. Capsules
containing drug-loaded microspheres were evaluated for their release
characteristics. Figure 4A depicts an initial burst release, followed by a
steady release of acetaminophen for 16 hours from capsules containing
acetaminophen-loaded microspheres. The best formulation was
determined to be 1% BSA/0.05% glutaraldehyde as it displayed the

Absorbance

0.2 ——1% BSA, 0.5% GLU —e—1% BSA, 1% GLU
—-—-5%BSA, 0.1% GLU
0 T T T T T T T 1
0 2 4 6 8 10 12 14 16

Time (Hr)

Figure 4a: Release studies of capsules containing acetaminophen-loaded
microspheres over a period of 16 hours. Each formulation contained 0.5%
acetaminophen. BSA=bovine serum albumin; GLU=glutaraldehyde. Data
represent mean + SD (n=3).

Absorbance

——1%BSA, 0.05% GLU  ===1% BSA, 0.1% GLU
0.2 ——19%BSA, 0.5% GLU  —e—1%BSA, 1% GLU
0 —=—5% BSA, 0.1% GLU
0 2 4 6 8 10 12 14 16
Time (Hr)

Figure 4b: Release studies of capsules containing ibuprofen-loaded mi-
crospheres over a period of 16 hours. Each formulation contained 0.5%
ibuprofen. BSA = bovine serum albumin; GLU = glutaraldehyde. Data rep-
resent mean = SD (n=3).
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Figure 5: Higuchi analysis of drug from capsules containing drug-loaded
microspheres. Higuchi analysis was carried out by plotting the square root
time against percent drug release. Data represent mean = SD (n=3).
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Figure 6: Stability testing of capsules containing acetaminophen- and
ibuprofen-loaded microspheres under intermediate and accelerated condi-
tions. Data represent mean + SD (n=3).

containing drug-loaded microspheres were further investigated and
depicted using the Higuchi model. Figure 5 shows an extended release
profile of drug after an initial burst release.

Stability testing of capsules
microspheres

containing drug-loaded

Stability testing of capsules containing drug-loaded microspheres
was conducted for 6 months at intermediate and accelerated conditions
to establish a suitable formulation for drug delivery. Stability testing
provides information regarding the long-term stability as well as the
degradation behavior of the drug and formulations. Our data indicated
that after 6 months, both acetaminophen and ibuprofen formulations
maintained at least 96% of their original concentrations (Figure 6).

Uptake of biodegradable microspheres in Caco-2 cells

The uptake of biodegradable microspheres was conducted in
intestinal Caco-2 cells at 1 mg/mL and 2 mg/mL concentrations. The
percentage of uptake efficiency in cells was similar between the two
concentrations used (Figure 7). Additionally, at either concentration,
there was a time-dependent uptake of microspheres into cells with
approximately 25% uptake efficiency at 24 hours. These data suggested
that formulated microspheres were able to be internalized into cells.

Conclusion

Previously, we showed that microspheres can be formulated to
provide controlled-release of parenteral anticancer drug preparations in
the in vivo environment, thus leading to enhanced efficacy [14,15]. The
objective of the current study was to develop extended-release capsules
containing biodegradable microspheres to attain effective therapeutic
concentration of drug. Ibuprofen (BCS class II) and acetaminophen
(BCS class III) were used as model drugs to assess the suitability and
versatility of the spray dried microsphere system for extended-drug
delivery. A Class II drug has low solubility and high permeability,
and a Class III drug has high solubility and low permeability, thus
the development of extended-release formulations for these classes of
drugs is desirable.

Drug-loaded microspheres were prepared by a microencapsulation
method via spray-drying and were incorporated into hard gelatin
capsules. Our data suggested that drug-loaded microspheres can be
prepared using a quick one-step spray drying process without the use of
organic solvents. Additionally, release studies of capsule formulations
containing drug-loaded microspheres resulted in extended release of
the model drugs for 16 hours in vitro. Differential scanning calorimetry
data indicated that the integrity of the drug remained throughout
the microencapsulation process. The formulated microspheres were
shown to be capable of internalization by intestinal cells. These data
provided evidence for the role of the microsphere delivery system in
the extended-release delivery of BCS Class II and III drug substances.
The microsphere delivery system shows potential for the development
of oral, extended-release pharmaceutical dosage forms aiming at

30
81 mg.mL

25 B2 mg/mL

20

15

10

Uptake Efficiency (%)

Time (Hr)

Figure 7: The uptake efficiency of microspheres in Caco-2 cells at 1 mg/mL
and 2 mg/mL concentrations. Data represent mean + SD (n=3).

J Nanomed Nanotechnol
ISSN: 2157-7439 JNMNT, an open access journal

Volume 5 « Issue 3 » 1000208



Citation: Enriquez GG, Orawiec BA, Rizvi SAA, Do DP (2014) Formulation Development and /n vitro Evaluation of Oral Extended-release Capsules
Containing Biodegradable Microspheres. J Nanomed Nanotechnol 5: 208. doi: 10.4172/2157-7439.1000208

Page 7 of 7

improved bioavailability of conventional drugs and minimizing side
effects.
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