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Introduction
An issue many oral active pharmaceutical ingredients (APIs) face 

is their inherent bitter flavour [1]. Taste-masking technologies are often 
called upon to help mask bitter flavour and increase the compliance 
associated with foul-tasting drugs. Traditional taste-masking 
technologies may utilize a secondary step to coat precursor particles 
made from hydrophilic excipients, ion-exchange resins, or solid 
dispersions, which can negatively impact the absorption of the drug in 
vivo and can impact the API’s overall bioavailability [2,3]. A change in 
bioavailability of the active can lead to inability or difficulty matching 
the Food and Drug Administration’s (FDA) bioequivalence parameters [4].

Oral dosage forms can coat the pill or place the API in a shell, 
however, this dosage form is not ideal for populations that require 
weight-based (e.g., mg/kg or mg/m2) dosing or for individual patients 
who have difficulty or aversion to swallowing pills. For instance, the 
FDA, the International Council on Harmonization (ICH) and the 
European Medical Authority (EMA) specify that paediatric drug 
formulations should be developed in paediatric-friendly formats (i.e. 
the dosage form must be ingestible by a child and be formulated to 
support compliance) [5-7]. Formulations that are not appropriate or 
designed for paediatric populations (e.g. tablets, capsules, foul-tasting 
liquids) can cause medication nonadherence that can negatively impact 
treatment efficacy [8]. The general lack of paediatric-specific drug 
products often leads to the preparation of extemporaneous formulations 
which frequently lack data regarding bioavailability, stability, palatability 
and safety [9]. Manipulations such as crushing, scoring, or adding 
excipients may affect stability, cause inaccurate dosing and be hazardous 
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Abstract
Many active pharmaceutical ingredients (APIs) face the challenge of palatability when administered orally. Taste-

masking technologies often utilize coatings to help palatability but these coatings or agglomerations can negatively 
impact bioavailability. Orbis Biosciences, Inc. (Orbis) has developed a novel taste-masking technology that has 
previously been demonstrated to have virtually complete taste-masking of the extremely bitter API, prednisone. The 
next facet of development was to assess the pharmacokinetics (PK) and relative bioequivalence (BE) of prednisone 
from this new formulation. Presented here is a randomized, open-label, two products, two period and crossover study 
in fasted adults comparing 10 mg prednisone taste-masked microspheres to a 10 mg prednisone tablet. Fourteen 
(14) post-dose plasma concentrations obtained over a 12 h period were analyzed for prednisone and its metabolite,
prednisolone, using a validated HPLC/MS/MS method. Bioavailability was assessed according to current United
States’ Food and Drug Administration (FDA) criteria. Results indicated that for both Cmax (90% CI; 0.81-1.10) and
AUCtotal (0.94-1.18), the microsphere formulation met bioavailability criteria for prednisone. For prednisolone, only
AUCtotal met criteria for bioavailability. Cmax was lower (90% confidence interval of 0.647-0.938 for log transformed
data) and time of Cmax (Tmax) was delayed (2.9 ± 0.5 vs. 1.8 ± 1.0 h, p=0.02) in the microsphere relative to the tablet
formulation. In conclusion, the relative bioavailability of the novel microsphere formulation of prednisone was evident 
as compared to a commercially available tableted formulation of the drug.

for the ersatz compounder. Thus, a pressing need exists to develop new 
formulation technology that would enable the creation of drug products 
with favourable organoleptic and physicochemical properties (e.g., 
stability, retention of potency) that permit accurate weight-based dosing 
in a novel dosage form. 

An API commonly cited as extremely bitter and difficult to mask 
is prednisone [10,11]. This corticosteroid is used in paediatrics and 
adults for a plethora of indications including respiratory conditions, 
dermatologic diseases and allergic response. Crushing adult solid dosage 
forms to facilitate weight-based dosing of prednisone in paediatric 
patients or individuals with swallowing difficulties further exacerbates 
problems with palatability and acceptability (e.g., taste and mouth feel) 
Liquid formulations may overcome some of these issues, but often the 
API’s inherent bitter taste is apparent, especially for children whose 
bitter taste receptors are more discriminating as compared to adults 
[12]. Recent research shows that children more genetically sensitive to 
bitter tastes are less likely to accept liquid drug formats as compared to 
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their peers and that, overall, children report issues with taking liquid 
formulations due to taste [13].

Orbis Biosciences, Inc. (Orbis), produces taste-masked 
microspheres, utilizing an innovative manufacturing platform [14-
16]. which precisely controls size distributions to match the release of 
existing formulations. This precision particle fabrication technology 
was utilized to formulate a novel prednisone microsphere that has been 
previously demonstrated to produce effective and virtually complete 
taste-masking of the drug [17]. These microspheres could be utilized as 
a drug product intermediate with a liquid suspension final product or 
alone as a powder. The first human trial of relative bioavailability of this 
novel taste-masked prednisone powder formulation is reported here.

Materials and Methods
Investigational product

The test formulation was produced in accordance with U.S. FDA 
current Good Manufacturing Practices (cGMP) 21 Code of Federal 
Regulations Parts 210/211 under cGMP conditions at Orbis’ facility in 
Lenexa, KS. The proprietary process involved mixing prednisone with 
a lipid excipient base co-melted with a reverse-enteric polymer, then 
processing said mixture through an acoustically-excited nozzle with co-
axial nitrogen stream into a containment system. The resulting product 
was a free-flowing taste-masked prednisone-containing microsphere 
powder. The microsphere formulation for this study was developed to 
provide taste-masking without extended-release behaviour. Following 
manufacture, the microsphere product was tested to ensure conformity 
against the drug product’s specifications and acceptance criteria before 
release and shipping to the clinical site.

USP dissolution: According to the FDA draft guidance 
recommended January of 2016, prednisone tablets can now utilize 
comparative dissolution testing on 12 dosage units of all strengths of 
the tablet in order to demonstrate bioequivalence [18]. This guidance 
is not applicable to the microsphere prednisone tested in this study due 
to dissolution method changes necessary to allow for the proper study 
of the microsphere. Specifically, the current FDA dissolution media 
is comprised solely of water, which is not ideal for the hydrophobic 
lipids utilized in the microsphere formulation. Testing dissolution with 
water media alone results in the microspheres floating on the surface 
of the dissolution bath. Additionally, the microsphere formulation 
incorporates a pH-responsive excipient, requiring that the dissolution 
media be closer to gastric pH levels for drug release. Because of these 
two formulation characteristics, the final dissolution media had a low 
pH and contained surfactant. 

Reagents and chemicals: All chemicals were at the least reagent 
grade and unless otherwise noted, were provided by Sigma-Aldrich (St. 
Louis, MO) and Fisher Scientific (Fairlawn, NJ).

Equipment: Dissolution was executed using a Vankel VK7000 
Dissolution System (Santa Clara, CA), equipped with paddles. Samples 
were analysed using an Agilent 1100 liquid chromatography system, 
equipped with a variable wavelength detector (Santa Clara, CA). 
Instrument control and data acquisition and analysis was handled 
through Chromeleon (VER 7.2.2.6394). 

Analytical standard preparation: United States Pharmacopoeia 
(USP) reference standard materials were used to prepare all analytical 
standards and quality control samples as per the USP Prednisone Tablet 
Monograph. All analytical standard solutions were stored at 5 degrees 
Centigrade (°C) until needed. 

Dissolution: The dissolution method from the USP Monograph for 
Prednisone Tablets was modified to more accurately display the release 
of the microsphere’s drug product. 0.1% SLS (sodium dodecyl sulfate) 
and 0.1 one normal solution of hydrochloric acid (N HCl) were added 
to the dissolution media, with a paddle stir speed of 75 revolutions 
per min (rpm). Sample volumes of 3 milliliters (mL) were withdrawn 
from each vessel at 10, 20, 30, 45, 60 and 120 min and filtered for high 
performance liquid chromatography (HPLC) analysis. This modified 
dissolution test method was validated. 

Liquid chromatography: HPLC analysis was performed as outlined 
in the USP Monograph for Prednisone Tablets. Briefly, the method 
utilized 10 microliters (µL) injections on a C-18 (L1) column (Thermo 
ODS Hypersil C18, 4.6 × 150 mm, 5 µm) with ambient column and 
sample temperatures. The mobile phase comprised of HPLC grade 
tetrahydrofuran:methanol:water (250:62:688 v/v/v) at a flow rate of 
1.0 milliliters per min (mL/min) (isocratic) and analytes were detected 
using a detector wavelength of 254 nanometer (nm).

Human study design

The FDA Guidance for Industry discussing bioavailability and 
bioequivalence for oral drug products was utilized to design the in vivo 
study described herein. This guidance allows for the execution of a pilot 
study to validate analytical methodology, assess variability and optimize 
sample collection time intervals [19]. Such a pilot study should consist 
of a single dose of the drug product as compared to a single dose of the 
reference listed drug. Additional detail on the study design is described 
in this section.

Informed consent and IRB: An independent Institutional Review 
Board (IRB) reviewed and approved the protocol and informed 
consent documents prior to the initiation of the study. All study-
related procedures and data collection were performed after obtaining 
written informed consent from participants. The study was conducted 
in strict conformity with International Conference on Harmonisation 
(ICH) Good Clinical Practice guidelines and was fully compliant with 
Federal privacy regulations under the Health Insurance Portability and 
Accountability Act (HIPAA). 

Study design: The study was an open label, randomized, single-
dose, two-treatment, two-sequence, two-period crossover design 
bioavailability/bioequivalence study under fasted conditions with 
a 6-day washout period between treatments. The test article was 10 
milligrams (mg) of prednisone microspheres (Orbis Biosciences, 
Inc. Lenexa, KS) administered directly on to the tongue and the 
reference article was a 10 mg prednisone tablet (Roxanne Laboratories, 
Columbus, OH). Product order administration was dictated by simple 
randomization schedule so as to minimize any period effects in the 
assessment of relative bioavailability [SAS/STAT(R) version 9.2]. 

Participants: This study was conducted in the Paediatric Clinical 
Research Unit of the Arkansas Children’s Hospital with healthy adult 
volunteers ages 18 to 24 years. All participants spoke English as their 
primary language and had a reading-level at or above grade 10. Exclusion 
criteria included one or more of the following: history of smoking or 
using any tobacco products; previous history of taste disturbance; any 
condition or dietary habit known to interfere with the sense of smell 
and taste; any apparent abnormality of the oral cavity (including tongue 
and teeth) and/or recent dental surgery within 7 days of administration 
of the study articles; any structural or functional abnormality of the 
upper gastrointestinal tract; ingestion of any medication or nutritional 
supplement (with exception of acetaminophen or hormonal oral 
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contraceptives) in a 48 h period prior to study; history of any illness 
within the two weeks prior to study; history of autonomic dysfunction, 
bronchospastic disease or atopic allergy; known hypersensitivity (i.e., 
allergic reaction) to any drug, food coloring agent, or artificial sweetener; 
any history of participating in a clinical trial of a drug or device within 
a 30-day period from the time of study. All study participants were 
documented to have had a normal physical examination, screening 
electrocardiogram and vital signs (pulse, respiratory rate, blood 
pressure) before receiving any study article. For female subjects who 
had attained the age of menarche, a negative urine pregnancy test was 
also documented prior to drug administration. 

Drug administration: Following an overnight fast of at least ten 
hours, study participants received either the test (microspheres) or 
reference (tablet) prednisone formulations. Volunteers maintained 
their fast for four hours after drug administration, although water 
was allowed ad lib during the study except for 1 h prior through 1 h 
post dose. The test formulation (10 mg of prednisone in microsphere 
format) was administered as a powder on pharmaceutical paper 
followed by two portions of water, each four ounces for a total of eight 
ounces of water. The two portions were given to facilitate oral clearance 
of the drug formulation. The reference formulation (a single 10 mg 
prednisone tablet) was given with eight ounces of water. Both the test 
and reference formulation were administered to participants while they 
were seated upright; a position maintained for one hour after study 
article administration. Any participant who had an emesis event within 
two hours after administration of the test article was withdrawn from 
the study and replaced under the same randomization scheme.

Sampling and sample handling: Prior to administration of 
the study article, an indwelling silastic catheter (21 gauges, Becton 
Dickinson and Co., Franklin Lakes, NJ) was placed into a large vein 
either on the dorsum of the hand or the volar surface of the forearm. 
At that time, a pre-dose blood sample (2 mL) was obtained. Patency of 
the catheter was maintained with a sterile 0.9 percent sodium chloride 
(NaCl) solution. After administration of the study articles, repeated 
venous blood samples (3 mL each) were obtained at the following post-
dose times: 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 7, 8, 10 and 12 h. During 
sampling, study participants were either seated or in the recumbent 
position and were not permitted to exercise. At four-hour intervals, vital 
signs and visual inspection of the venous cannula site were performed. 

Before each sample was withdrawn using a plastic sterile syringe, 
the flush solution (0.9% NaCl) and a small amount of blood (i.e., 
approximately 1.5 mL) were removed and discarded to ensure that 
flush solution did not contaminate the analytical sample. Blood samples 
were immediately transferred to green top glass tubes containing 
sodium heparin (Becton Dickinson Co., Franklin Lakes, NJ) and 
mixed by gentle inversion (8 times). They were maintained at 4°C 
until centrifuged (2,500 Xg, 4°C for 5 min) to separate the plasma and 
cellular fractions; a period not exceeding 2 h from the time of collection. 
Plasma was then aspirated manually, placed into a labelled, screw-
capped polypropylene vial (CryoVial®, Fischer Scientific, St. Louis, MO) 
and immediately placed in a secure,-20°C freezer for storage. At the end 
of each study period for each participant, the clinical research nurse 
coordinator validated sample integrity, labeling and reconciled it with 
the information contained on the case report forms. 

Bioanalytical method

Reagents and chemicals: Analytical procedures were validated to 
rapidly quantify prednisone and prednisolone in human plasma with 
a high degree of accuracy and precision. The method used simple, 

automated sample preparation techniques that incorporated an 
isotopically-labeled internal standard (cortisol-d4). All chemicals were 
of at least reagent grade and unless otherwise noted, were provided by 
Sigma-Aldrich (St. Louis, MO), Fisher Scientific (Fairlawn, NJ), Biotage 
(Charlotte, NC). Blank, pooled human plasma void of prednisone and 
prednisolone contamination was screened prior to use.

Equipment: Supported liquid extraction procedures were 
optimized for 96-well plate processing on a PerkinElmer Zephyr G3 
SPE Workstation (Waltham, MA). Sample extracts were analysed using 
an Agilent 1260 quaternary liquid chromatography system (Santa Clara, 
CA) coupled to an Agilent 6420 tandem mass spectrometer (Santa 
Clara, CA) (LC-MS/MS). Instrument control and data acquisition was 
handled through MassHunter LC/MS Data Acquisition (VER B.08.00). 
All data analysis was performed through MassHunter Quantitative 
Analysis (VER B.07.01 SP2).

Analytical standard preparation: Certified reference materials 
were used to prepare all prednisone and prednisolone analytical 
standards and quality control samples, which were prepared separately 
by weighing each analyte on a scale that was calibrated with National 
Institute of Standards and Technology traceable standards. Primary 
working calibration and quality control (QC) standards were prepared 
in a dimethyl sulfoxide (DMSO) stock solution (5 µg/mL). A certified 
reference material was also used to prepare a DMSO internal standard 
spiking solution containing the surrogate cortisol-d4 (2.5 µg/mL). All 
analytical and internal standard solutions were stored at-20°C until 
needed. 

Matrixed matched plasma calibration standards were prepared 
by first serially diluting the primary working standard (5 µg/mL) 
with DMSO to make intermediate spiking solutions. Final working 
plasma standards (2.5 to 250 ng/mL) were made by spiking 0.5 mL of 
plasma with 25 µL of the appropriate intermediate spiking solution. 
QC material was prepared by a separate dilution scheme in plasma at 
three concentrations spanning the calibration range (QCL (low), QCM 
(medium), QCH (high)). All QC material was prepared independent of 
calibration standards. Prior to sample processing and analysis, 10 µL of 
internal standard spiking solution was added to all analytical standards, 
QC material and unknown samples. 25 µL of DMSO was added to 
unknown samples to normalize DMSO content in all specimens.

Liquid extraction of standards: All plasma calibration standards, 
QC material and unknown samples were processed identically by first 
diluting each sample 1:1 with ultrapure 18.2 Mega-ohm*cm water and 
then loading the mixture, under gentle vacuum, on a Biotage ISOLUTE 
SLE+400 µL 96-well plate. Samples were allowed to equilibrate for 5 
min before extracting two times with 900 µL of ethyl acetate. Eluent was 
collected in deep 96-well plate reservoirs and evaporated to complete 
dryness at approximately 35°C under a constant flow of nitrogen. The 
remaining residue was reconstituted in 100 µL of Mobile Phase A: 
Mobile Phase B (70:30) prior to analysis. 

Liquid chromatography-tandem mass spectrometry: The LC-
MS/MS method utilized 10 µL injections on a 3.5 µm Agilent Eclipse 
Plus C18 analytical column (2.1 × 30 mm) heated to 35°C. Analytes 
were resolved at 0.4 mL/min under isocratic conditions, 50:50 mixture 
of Mobile Phase A (5 mM ammonium acetate) and Mobile Phase B 
(100% methanol). The analytical column was washed between each 
injection by ramping the mobile phase gradient to 95% mobile phase B 
and holding for 1 min. The column was allowed to equilibrate at initial 
starting conditions for 2 min before the next sample was injected. Total 
run time was 5 min, including column equilibration period between 
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injections. The specific mass spectrometer parameters were as follows: 
positive mode; capillary voltage 3000 V; nebulizer setting at 50 pounds 
per square inch (psi); gas temperature of 350°C; gas flow rate of 13 L/min 
and autosampler temperature of 4°C. Two transitions were monitored 
for each analyte in unknown samples. Ion ratios were matched to 
those of calibration standards to ensure interfering metabolites and 
other compounds were resolved. To ensure carryover was not present, 
matrix-matched samples containing no calibration standard material 
were injected and blanks were injected following analysis of a known 
high-concentration sample (i.e., high QC, QCH). Analyte parameters 
are illustrated in Table 1. 

Analytical method validation: Accuracy and precision were 
determined using QC samples prepared during six single, independent 
experiments performed over several non-consecutive days. Accuracy 
was calculated as the absolute percent relative error for each of the 
expected QC concentrations. Analytical precision was calculated as the 
coefficient of variation (%CV) for replicate measurements at the three 
QC concentrations. The lower limit of detection was defined at less than 
the lowest calibrator (2.5 ng/mL) and the lower limit of quantitation 
(LLOQ) was calculated as 3 times the standard deviation of the lowest 
quality control. Table 2 provides a summary of linear ranges, correlation 
coefficients, detection limits and quantification limits for prednisone 
and prednisolone. 

Pharmacokinetic and statistical analyses

Pharmacokinetic analyses were conducted using Kinetica version 
5.1 (Thermo Electron, Philadelphia, PA). Prednisone and prednisolone 
plasma concentration versus time data were curve fit using a peeling 
algorithm to generate initial monoexponential parameter estimates. 
Final estimates of the terminal elimination rate constant (λz) were 
determined from an iterative, linear least squares regression algorithm. 
A model‐independent approach was used and parameters of interest 
determined as described below. 

Individual maximum plasma concentration (Cmax) and time to 
reach the maxium plasma concentration (Tmax) were obtained by direct 
examination of the plasma concentration versus time profile. The area 
under the plasma concentration versus time curve during the sampling 
period (AUC0‐n) was calculated using the mixed log‐linear method 

where n refers to the final sampling time with quantifiable prednisone 
or prednisolone concentrations. Extrapolation of the AUC to infinity 
(AUC0‐∞) was achieved by the summation of AUC0‐n+Cpn/λz, where Cpn 
is the last observable plasma concentration calculated from the curve 
fit and λz is the apparent terminal elimination rate constant. Additional 
model‐independent parameters that were determined included; area 
under the moment curve (AUMC), half‐life (t½) and mean residence 
time (MRT). 

Prednisone and prednisolone pharmacokinetic data for the study 
cohort were examined using standard descriptive statistics (i.e., 
arithmetic mean, geometric mean, standard deviation, coefficient 
of variation). A repeated measures analysis of variance model was 
employed to determine treatment, period and sequence effects for the 
resultant primary and secondary pharmacokinetic parameter estimates. 
Pharmacokinetic parameters reflective of absorption (Cmax, AUC0‐n, 
AUC0‐∞) were log‐transformed using the natural logarithm, the 90% 
confidence intervals for the difference in the means calculated and the 
antilog of the confidence limits evaluated against the pre‐established 
bioequivalence criteria set forth by the Food and Drug Administration 
[20]. A test formulation with a confidence interval between 0.80 and 
1.25 would be considered bioequivalent with the reference formulation. 
The significance limit for all statistical analyses was set at α=0.05. All 
analyses were performed in SPSS version 23 (IBM SPSS, Chicago, IL). 

Results
Investigational product

The microspheres in this study had a volume-weighed average 
diameter, d (4,3), of 216 µm with a d90, d50 and d10 of 264 µm, 213 
µm and 171 µm, respectively. Specifically, 90% of the particles were 
below 264 micrometers, 50% were below 213 micrometers and 10% 
were below 171 micrometers. Prednisone content in the microsphere 
product was tailored to be approximately 5% w/w. Dissolution of taste-
masked microspheres in vitro showed greater than 80% release of 
prednisone within 30 min, whereas 80% release of prednisone from the 
RLD tablet occurred in 10 min, using the modified dissolution method. 
During method development, the USP dissolution method was also 
tested. Here, dissolution of taste-masked microspheres showed less 
than 2.1% release of prednisone within 30 min, whereas 80% release of 
prednisone from the RLD tablet occurred in 10 min (Figure 1).

Dosing of human subjects

Ten subjects initially completed dose administration and one of 
those subjects (Subject 009) was withdrawn due to emesis within one 
hour of dosing. Subject 009 was dosed with the reference drug (Roxane 
tablet) and was withdrawn from the study on Day 1 due to vomiting. 
The emesis event was deemed unrelated to the reference product as the 
subject had taken her daily dose of oral hormonal contraceptive and 
had a prior history of emesis associated with taking the contraceptive 
on an empty stomach. Subject 009 was replaced using the same 
randomization sequence. In total, eleven subjects were recruited during 
the study period, with ten completing the study in full. The subject 
population was constituted by adults and equally balanced with respect 
to gender. Nine of the eleven participants were Caucasian with the 
remaining two African‐American.

No serious adverse events occurred during the study. All adverse 
events are listed in Tables 3 and 4. Whether an adverse event was 
related to the reference or investigational product was determined by 
the primary-or sub-investigator on a case-by-case basis. All volunteers 
were screened and approved as healthy prior to dosing and no clinically 

Table 1: Analyte parameters for the bioanalytical method.

Analyte Q1 
(m/z)

Q3 (m/z) Fragmentor 
(V)

Collision 
energy (V)

Cell 
accelerator (V)

Prednisone 359.2 341.3* 99 9 2
200.4^ 99 150 2

Prednisolone 361.2 343.3* 89 13 2
147.0^ 89 37 2

Cortisol-d4 367.2 121 109 21 2
*Denotes quantifier ion; ^ Denotes confirmation ion

Analyte Surrogate 
IS 

Linear working 
range (ng/mL)

Average r2 
value

L.O.D.a 
(ng/mL)

L.O.Q. b 
(ng/mL)

Prednisone Cortisol-d4 2.5-250 0.9967 <2.5 5.0
Prednisolone Cortisol-d4 2.5-250 0.9926 <2.5 5.0

Table 2:  Summary of linear ranges, correlation coefficients, detection limits, and 
quantification limits for prednisone and prednisolone*

.

*Data are based on 5 single, independent experiments conducted on multiple, 
nonconsecutive days
a LOD, Lower limit of detection; b LLQ, Lower limit of quantification, calculated as 3 
times the standard deviation of the quality control low for each analyte. Estimated 
values for prednisone and prednisolone are 2.7 and 3.9, respectively.  However, 
LOQs were administratively defined as 5.0 ng/ml because laboratory standard 
practice is to establish LOQs within 3X of the lowest QC evaluated (10 ng/ml).
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Extrapolation for the AUC0‐∞ values did not exceed 30.0% and 15.2% 
for the microsphere and RLD tablet groups, respectively. No period 
or sequence effects were observed for the primary pharmacokinetic 
parameter estimates (e.g. Cmax, AUC0‐n, AUC0‐∞) of prednisone. No 
differences in primary pharmacokinetic parameters between treatments 
were observed for prednisone. Composite parameter estimates can be 
seen in Table 5, whereas prednisone plasma concentration as a function 
of time for the two treatments are displayed in Figure 2.

Pharmacokinetics of prednisolone

Maximum prednisolone concentrations (Cmax) in the current study 
ranged from 103.5 to 357.0 ng/mL for the microsphere product and 
from 120.8 to 430.0 ng/mL for the RLD tablet. These values occurred 
(Tmax) anywhere from 2.0 h to 4.0 h for the microsphere product and 
from 0.5 h to 4.0 h for the RLD tablet. Values for total area under the 
curve (AUC0‐∞) for the microsphere product ranged from 610.6 to 
2280.4 ng*hr/mL and from 590.2 to 2458.3 ng*hr/mL for the RLD tablet. 
Extrapolation for the AUC0‐∞ values did not exceed 14.4% and 13.0% 
for the microsphere and RLD tablet groups, respectively. No period 
or sequence effects were observed for the primary pharmacokinetic 
parameter estimates (e.g. Cmax, AUC0‐n, AUC0‐∞) of prednisolone, 
although they were noted for the secondary parameter mean residence 
time. A significant (p<0.05) difference between treatments was observed 
for log transformed Cmax of prednisolone with lower concentrations 
observed after administration of the test formulation with a 90% 
confidence interval of 0.647‐0.938. Composite parameter estimates can 
be seen in Table 6 and prednisolone plasma concentration as a function 
of time for the two treatments are displayed in Figure 3.

Discussion
There are many approaches to taste-masking foul-tasting drugs. 

The review of commonly used taste-masking techniques by Cram, et al. 
notes that modifying the drug through prodrugs, salts and polymorphs; 
modification of formulation pH; barrier approaches utilizing polymer 
encapsulation, viscous or lipophilic vehicles; and drug complexes 
utilizing ion exchange resins or cyclodextrins all have the risk of 
impacting bio-performance [21]. The microspheres tested in this study 

Figure 1: (In color) USP Type II dissolution of microspheres (red) versus tablet 
(blue) using the modified dissolution method (solid) and the USP dissolution 
method (dashed).

Table 3:  Summary of quality control recoveries and precision data for prednisone and prednisolone*
.

QC High 250 ng QC Mid 100 ng QC Low 10 ng
Conc.±SD (ng/

mL)
Between-Run 

%CV
Within-Run 

%CV %RE Conc.±SD (ng/
mL)

Between-Run 
%CV

Within-Run 
%CV %RE Conc.±SD 

(ng/mL)
Between-
Run %CV

Within-Run 
%CV %RE

P
re

dn
is

on
e

233.8 ± 17.5 7.5 8.2 6.5 92.9 ± 5.6 6.0 6.3 7.1 10.4 ± 0.9 8.3 7.6 4.3

P
re

dn
is

ol
on

e

227.7 ± 16.2 7.1 7.6 8.9 89.5 ± 5.5 6.1 6.5 10.5 10.4 ± 1.3 12.3 9.5 4.1

*Data are based on 5 single, independent experiments conducted on multiple, nonconsecutive days

Subject number Dosed with reference or investigational product Adverse event description AE related to study product?
008 Investigational Product (microsphere) Headache Unlikely 
009 Reference (tablet) Nausea with Emesis Not related
010 Reference (tablet) Headache Unlikely
010 Reference (tablet) Itching (pruritus) Not related
011 Reference (tablet) Headache Unlikely

Table 4: Comprehensive list of adverse events and relation to dosed study product.

significant vital signs data were observed during this study.

Pharmacokinetics of prednisone

Bioanalytical method validation results are provided in Table 3, 
including summary of quality control recoveries and precision data 
for prednisone and prednisolone. Maximum observed prednisone 
concentrations (Cmax) in the current study ranged from 19.8 to 47.4 ng/
mL for the microsphere product and from 22.6 to 40.8 ng/mL for the 
reference listed drug (RLD) tablet. These values occurred (apparent Tmax) 
anywhere from 2.5 h to 4.0 h post-ingestion for the microsphere product 
and from 0.5 h to 4.0 h for the RLD tablet. Values for total area under 
the curve (AUC0‐∞) for the microsphere product ranged from 131.8 to 
317.0 ng*hr/mL and from 134.8 to 251.8 ng*hr/mL for the RLD tablet. 
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relied on taste-masking technology utilizing the barrier approach 
through coating the drug in pH responsive polymers and thereby 
creating a barrier between the bitter API and the surface of the tongue. 

The data provided herein summarize the results of a single-dose study 
comparing a commercially available prednisone tablet (10 mg, Roxane 
Laboratories) to the proprietary, taste‐masked, prednisone microsphere 
powder administered at 10 mg strength. A model‐independent approach 

Figure 2: (In color) Plasma vs. time profiles of prednisone in the population (grey) and average for microspheres (red) and the RLD tablet (blue).

Parameter Overall Test RLD
Cmax (ng/mL) 31.2 ± 6.5 30.5 ± 7.8 31.9 ± 5.1 

(20.70) (25.70) (15.90)
Tmax (hr) 3.1 ± 1.0 3.5 ± 0.6 2.7 ± 1.3 

(33.30) (17.30) (46.30)
AUC0-n (ng*hr/mL) 177.94 ± 40.04 181.06 ± 48.42 174.82 ± 31.91 

(22.50) (26.70) (18.30)
AUC0-∞ (ng

*
hr/mL) 197.73 ± 50.11 205.34 ± 62.34 190.11 ± 35.86 

(25.30) (30.40) (18.90)
%AUCext 9.3 ± 5.9 10.7 ± 7.1 7.8 ± 4.3 

(63.40) (65.90) (54.60)
AUMC0-n (ng*hr

2
/mL) 883.07 ± 240.21 943.63 ± 279.77 822.50 ± 188.13 

(27.20) (29.60) (22.90)

AUMC0-∞ (ng*hr
2

/mL) 1221.80 ± 536.51 1375.75 ± 674.09 1067.84 ± 
317.18 

(43.90) (49.00) (29.70)
𝝀z (1/hr) 0.262 ± 0.066 0.247 ± 0.062 0.277 ± 0.070 

(25.30) (25.20) (25.20)
T½ (hr) 2.8 ± 1.0 3.1 ± 1.3 2.6 ± 0.5 

(34.40) (41.30) (20.90)
MRT (hr) 6.0 ± 1.2 6.5 ± 1.4 5.6 ± 0.9 

(20.40) (21.00) (16.60)
Acronym list
Cmax: Maximum plasma prednisone concentration;
Tmax: Time to reach maximum prednisone plasma concentration following drug 
administration; 
AUC0-n: Area under the prednisone plasma concentration-time curve from time 
zero to the last measurable concentration; 
AUC0-∞: Area under the prednisone plasma concentration-time curve; 
%AUCext: Area under the prednisone plasma concentration-time curve 
extrapolated from time t to infinity as a percentage of total AUC;
AUMC0-n:  Area under the first moment of the prednisone plasma concentration-
time curve from zero to the last measurable concentration;
AUMC0-∞: Area under the first moment of the prednisone plasma concentration-
time curve from zero to infinity;
𝝀z: Terminal disposition rate constant;
T½: Elimination half-life;
MRT: Mean residence time

Table 5: Composite prednisone pharmacokinetic parameter estimates represented 
as the Mean ± standard deviation and (% coefficient of variation) overall and by 
treatment.

Parameter Overall Test Reference
Cmax (ng/mL) 235.1 ± 101.9 206.9 ± 94.4 263.4 ± 106.0 

(43.30) (45.60) (40.30)
Tmax (hr) 2.3 ± 1.0 2.9 ± 0.5 1.8 ± 1.0 

(41.70) (18.60) (57.70)
AUC0-n (ng*hr/mL) 1167.43 ± 607.55 1150.15 ± 597.02 1184.70 ± 649.73 

(52.00) (51.90) (54.80)
AUC0-∞ (ng*hr/mL) 1278.37 ± 687.90 1272.56 ± 676.89 1284.18 ± 735.34 

(53.80) (53.20) (57.30)
%AUC ext 7.9 ± 3.5 8.9 ± 3.1 6.9 ± 3.7 

(44.20) (35.20) (53.50)
AUMC0-n (ng*hr

2
/mL) 5138.52 ± 2882.68 5319.44 ± 2823.71 4957.61 ± 3081.72 

(56.10) (53.10) (62.20)
AUMC0-∞ (ng*hr

2
/mL) 6971.05 ± 4307.86 7358.96 ± 4276.19 6583.13 ± 4534.00 

(61.80) (58.10) (68.90)
𝝀z (1/hr) 0.244 ± 0.055 0.228 ± 0.036 0.260 ± 0.067 

(22.50) (15.60) (25.90)
T½ (hr) 3.0 ± 0.7 3.1 ± 0.5 2.8 ± 0.8 

(22.10) (14.70) (28.60)
MRT (hr) 5.3 ± 0.8 5.6 ± 0.7 4.9 ± 0.8 

(15.00) (11.60) (15.70)
Acronym list 
Cmax: Maximum plasma prednisolone concentration;
Tmax: Time to reach maximum prednisolone plasma concentration following drug 
administration; 
AUC0-n: Area under the prednisolone plasma concentration-time curve from time 
zero to the last measurable concentration; 
AUC0-∞: Area under the prednisolone plasma concentration-time curve; 
% AUCext: Area under the prednisolone plasma concentration-time curve 
extrapolated from time t to infinity as a percentage of total AUC;
AUMC0- :  Area under the first moment of the prednisolone plasma concentration-
time curve from zero to the last measurable concentration;
AUMC0-∞: Area under the first moment of the prednisolone plasma concentration-
time curve from zero to infinity;
𝝀z: Terminal disposition rate constant;
T½: Elimination half-life;
MRT:  Mean residence time

Table 6: Composite prednisolone pharmacokinetic parameter estimates 
represented as the Mean ± standard deviation and (% coefficient of variation) 
overall and by treatment.
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was used to describe prednisone and prednisolone bio-disposition in 
all subjects and to generate parameter estimates used to assess relative 
bioavailability. Safety and efficacy profiles of the taste-masked powder 
were expected to reflect the pharmacodynamic attributes established 
with the reference tablet at comparable levels of systemic exposure. 
Though Cmax and Tmax of the active moiety (i.e. prednisolone) were lower 
and delayed after administration of the taste‐masked oral prednisone 
powder, relative to the RLD tablet, the two formulations exhibited 
comparable total body exposure profiles after administration of a single 
oral dose in the fasted state. 

The present study analyzed both prednisone and prednisolone 
to determine bioavailability and bioequivalence. Prednisone is 
converted to prednisolone by the enzyme 11β-hydroxydehydrogenase 
which converts prednisone’s 11-oxo group to 11β-hydroxyl and 
creates prednisolone, the biologically active moiety [22]. Though 
this conversion would not be affected by polymers encapsulating 
prednisone in the taste-masked microencapsulated drug, the release of 
prednisone may be impaired and create a delay in the conversion of 
prednisone to prednisolone. The bioavailability of prednisolone is of 
primary importance when interpreting the results of this bioavailability 
(bioequivalence) study given its bioactivity profile. 

Attributing the slight delay and magnitude of peak metabolite 
concentrations to a single cause is difficult with such a modest sample 
size, but may be a result of the taste-masked nature of the prednisone 
microsphere powder. Specifically, formulation modifications to include 
lower molecular weight components or substitution of water-soluble 
excipients could potentially lend to faster release kinetics in vitro and 
in vivo, which would more closely mimic the RLD tablet. Any such 
modifications to the test formulation, however, could compromise the 
taste-masking nature of the powder. Moreover, subsequent clinical 
studies with larger populations will more accurately illustrate if the 
metabolite pharmacokinetic anomalies seen herein are withstanding 
and not simply an artefact of sample size.

Conclusion
The current study described the comparison of a taste-masked 

prednisone microsphere powder to a commercially available RLD 
tablet of equivalent strength. Results revealed bioequivalent total body 
exposure profiles between the two formularies despite a slightly lower 

and delayed metabolite Cmax, which may be linked to small sample size 
(i.e. ten subjects). The importance of creating paediatric-and geriatric-
friendly dosage forms that are palatable, dose-titratable and efficacious 
is a current focus for pharmaceutical companies and regulatory entities 
[23]. Microsphere dosage forms provide distinct advantages over 
traditional pills, tablets and capsules due to their ability to be mixed 
with liquids (e.g. formulas, electrolyte drinks) and soft foods (e.g. 
applesauce, yogurt, milkshakes). Encapsulation with microsphere also 
provides the opportunity to taste-mask foul-tasking APIs. Furthermore, 
the present analysis provides encouraging progress on the intersection 
between dispersed dosage formats, taste-masking and bioequivalence. 
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