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Introduction

In 2007, the World Health Assembly underscored

Abstract

Objectives Prednisone is a widely used anti-inflammatory for a variety of condi-
tions. While oral liquid formulations of prednisone enable weight-based dosing,
children frequently find them to be objectionable due to bitter taste. This limita-
tion of prednisone can adversely impact patient acceptance and may result in
non-compliance. Efforts to mask flavours often result in poorly controlled,
heterogeneous particle distributions and can provide ineffective taste masking.
The present work utilized a novel drug delivery technology developed by Orbis
Biosciences, Inc., to create an oral taste-masked formulation of prednisone.
Methods The study examined the palatability of Orbis’ microsphere prednisone
formulation in healthy young adults (n = 24). Four test articles were used in the
study including a reference formulation (Roxanne Laboratories), a control and
the test formulation (Orbis) prepared in two different ways. Study participants
were randomized in a crossover design.

Key findings Results indicated that the test prednisone formulation was
indistinguishable from the control, and both were preferable to the reference
formulation in every category of palatability assessed using a validated 9-point
Hedonic Scale. The data also suggested that preparing the microsphere suspension
immediately before administration results in the most ideal palatability properties.
Conclusions In conclusion, the novel microsphere formulation technology was
effective in taste-masking prednisone.

illnesses.'”’ The pressing need for child-friendly, palatable
medications suitable for administration to both infants and
young children has been stressed (through regulatory guid-

the importance of providing safe, effective and proven
medicines for children.!"! The widespread lack of paedi-
atric-specific drug products, however, forces medical
providers and pharmacists to use alternative solutions to
treat their paediatric patients. These alternatives are not
backed by bioavailability, stability and safety studies.!>’!
Extemporaneously prepared oral drug formulations can
also be plagued by poor palatability characteristics, which
can compromise patient adherence.*! This lack of child-
friendly formulations affects 40% of the global population,
subjecting paediatric patients to avoidable adverse drug
events, reduced compliance with medication regimens, lim-
ited access to new medications and prolonged treatable

ance) by both the European Medicines Agency and the
United States Food and Drug Administration.

Prednisone is a bitter-tasting corticosteroid used for its
anti-inflammatory and immunosuppressant effects to treat
a wide variety of conditions in both adults and children.
For paediatric patients, an alternative form of administra-
tion can be produced by crushing solid oral prednisone for-
mulations to avoid swallowing difficulties or achieve
weight-based dosing. This approach, however, creates
extremely poor taste and mouth feel properties which are
objectionable to paediatric patients. While these limitations
can be somewhat mitigated by the use of proprietary oral
liquid formulations of prednisone, such products still retain
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their profoundly bitter taste characteristics. It is estimated
that approximately half of children refuse to take even a liq-
uid form of prednisone, with the large majority of those
reporting bad taste as the single major reason for non-com-
pliance.”®! Efforts to mask flavours using sweetening agents,
coatings, agglomeration or microencapsulation often result
in poorly controlled, heterogeneous particle size distribu-
tions that result in a gritty or granular mouth feel and can
provide ineffective taste masking, characteristics that may
also compromise patient acceptance.®

To address the challenge of palatable, paediatric-friendly
drug formulations, Orbis Biosciences Inc. (Lenexa, KS,
USA), has developed an innovative drug delivery platform
that produces microspheres with specific physicochemical
properties, which can be tailored to a wide variety of active
pharmaceutical ingredients. This technology was used in
the creation of a new taste-masked microsphere formula-
tion containing prednisone. Herein, we report the results
from the first human evaluation of this formulation, an
effort to assess its palatability (both taste and mouth feel)
and patient acceptance and provide ‘proof of concept’
regarding the potential utility of this formulation technol-
ogy for children.

Materials and Methods

Ethical consideration

This study was approved by the Western IRB (WIRB) on
17 November 2015 (WIRB PRO NUM: 20152235) and was
fully compliant with federal privacy regulations under the
Health Insurance Portability and Accountability Act. All
study-related procedures and data collection were per-
formed after obtaining written informed consent from par-
ticipants. All participants entering the study completed it
without evidence of significant adverse events associated
with the test articles or the study procedures. The lack of
significant adverse effects was expected given that none of
the test articles were swallowed.

Study design

This study used a single-blind, randomized, four-way cross-
over design. Participants in the study were blinded to iden-
tity (source) of the investigational articles they received.
Additionally, investigators involved in data analysis and
interpretation remained blinded to the identity of the test
articles until all analyses were completed. The blind docu-
ment was maintained by the research pharmacy service of
the Arkansas Children’s Research Institute.

Four test articles were used in this study. (1) Reference —
prednisone oral solution USP 5 mg/5 ml (10 mg dose in
10 ml total volume) (Roxanne Laboratories, Columbus,
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OH, USA). (2) Test 24 h — prednisone-loaded microsphere
suspension (10 mg dose in 10 ml total volume) prepared at
least 24 hours in advance of taste test (Orbis Biosciences
Inc.). (3) Test 5 min — prednisone-loaded microsphere sus-
pension (10 mg dose in 10 ml total volume) prepared
approximately 5 min before the taste test. (4) Control —
prednisone-free microsphere suspension (10 ml total
volume). The Reference article is a currently marketed
proprietary formulation of premixed prednisone by Rox-
anne Laboratories, which contains prednisone and the fol-
lowing other excipients/carriers: alcohol (5%), citric acid,
disodium edetate, fructose, hydrochloric acid, maltol, pep-
permint oil, polysorbate 80, propylene glycol, saccharin
sodium, sodium benzoate, vanilla flavour and water. Orbis
Biosciences’ investigational product was a suspension com-
prised of microspheres and a liquid component. The
microspheres were formulated with prednisone, sorbitan
monostearate, glyceryl monostearate and Eudragit E PO
(amino methacrylate copolymer). The volume-based aver-
age diameter, D(4,3), was 216 um. The liquid formulation
included locust bean gum, xanthan gum, sucrose, flavour
and sodium benzoate added to water, which had a viscosity
of approximately 74 cP. The Control article was pred-
nisone-free and acted as a negative control. Control micro-
spheres were formulated with the same excipients as the
investigational product using glyceryl monostearate as the
balance in lieu of prednisone.

To randomize the four test articles, this study used a
Latin square design for standard crossover studies with four
periods and four treatments to minimize sequence and per-
iod effects. Patients were allocated to one of four sequences
at random under a permuted block randomization scheme
inal : 1 allocation to eliminate bias associated with group
assignment while producing groups of similar sizes.

Participants

This study was conducted in the Pediatric Clinical
Research Unit of Arkansas Children’s Hospital. All par-
ticipants spoke English with a reading-level at or above
grade 8 and were healthy adults between 18 and 40 years
of age. Exclusion criteria included one or more of the
following: history of smoking or using any tobacco prod-
ucts; 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) or recent dental sur-
gery 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 paracetamol or
hormonal oral contraceptives) in a 48-hour period before
study; history of any illness within the 2 weeks before
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study; history of autonomic dysfunction, bronchospastic
disease or atopic allergy; known hypersensitivity (i.e.
allergic reaction) to any drug, food colouring agent or
artificial sweetener; any history of participating in a clini-
cal trial of a drug or device within a 30-day period from
the time of study; and brushing of the teeth and or oral
ingestion of any substance within one hour of the initial
test article. Pregnancy (documented by urine pregnancy
test on day of study) or lactation was also exclusion cri-
teria. After providing written informed consent, all study
participants demonstrated their ability to hold 10 ml of
apple juice in their mouth for 5s without swallowing
before any other study-related procedures were initiated.

Data collection

Data collection took place in December 2015. Participants
rated the overall palatability of each test article using a vali-
dated 9-Point Hedonic Scale (Figure S1). The 9-point
Hedonic Scale is a balanced bipolar scale with four positive
and four negative rankings and a central neutral
response.l”! It is considered as the ‘gold standard’ method
to assess palatability for drug products and is the most
widely used scale for sensory evaluation.!® Evaluation of
both product acceptance and preference were assessed in
each of the following palatability categories: smell, taste,
texture/mouth feel and aftertaste. Participants were also
asked to characterize the initial taste of each article using
one of the following descriptors: salty, sweet, bitter, sour,
savoury (i.e. umami) or tasteless. Each study questionnaire
contained a section for comments to collect qualitative
feedback. Willingness to take a given test product if pre-
scribed in the future (a reflection of product acceptance or
preference) was also assessed.

On the day of check-in and dosing, eligible and con-
sented participants were given a breakfast comprised of
dried cereal with 2 ounces of milk and 2 slices of whole
wheat toast with butter (one pat) and jelly (15 g). Approxi-
mately one hour after the breakfast, they ingested a salt-free
cracker followed by 120 ml of water to clear the palate and
were then administered the baseline test questionnaire,
after which a predetermined randomized sequence of inves-
tigational articles were given to each participant. Partici-
pants were instructed not to swallow the liquid, but instead
to gently roll the liquid throughout their oral cavity for 5 s
and then expectorate the contents of their mouth. Immedi-
ately thereafter, they were asked to complete the initial por-
tion of the study questionnaire (Figure S1) to enable
descriptive sensory assessment (taste, initial taste, texture/
mouth feel, smell). Five minutes after completing the initial
portion of the questionnaire, participants were asked to
complete the remaining sections: (1) aftertaste, (2) willing-
ness to take the test article again and (3) free-texted
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comment section. Following completion of one set of
investigational articles and coupled questionnaire, subjects
were given a salt-free cracker and 120 ml water to cleanse
the palate. After a 30-minute washout period, each partici-
pant once again rinsed their oral cavity with water (as
described above), and the remainder of the test articles
were administered in an identical fashion. After completion
of the assessment following the last test article, participants
were discharged from the Pediatric Clinical Research Unit
with instructions to telephone the clinical research coordi-
nator over the following 24-hour period to report any
adverse events.

De-identified data for analysis were entered into
Research Electronic Data Capture (REDCap)."! To main-
tain patient confidentiality and study data security, only
key study personnel were granted access to this study’s
database upon the completion of participant enrolment in
the study.

Statistical analysis

Using the Latin Square design for standard crossover stud-
ies with four periods and four products, participants were
allocated to one of four sequences at random. The orders of
randomization sequences I, II, III and IV are provided in
Table 1.

Participant characteristics were summarized for each
randomization sequence by mean and standard deviation
for continuous variables and by frequency and percentage
for categorical variables. For quantitative analysis of the 9-
point Hedonic Scale, the rankings are converted to numeri-
cal values: ‘like extremely” as ‘9" and ‘dislike extremely’ as
‘1’. Raw scores of the numeric scale from the questionnaires
were summarized and plotted for visualization. Linear
mixed-effect models adjusting for gender and age were used
to detect any significant difference between the four articles
in terms of taste, texture/mouth feel, smell, aftertaste and
willingness to take. Carryover effects between periods 1 and
2,2 and 3, and 3 and 4 were evaluated by including the re-
parameterized carryover effects in the linear mixed-effect
model. Carryover effects between periods were tested for
statistical significance using F-test. When significant carry-
over effects were detected, P-values of the F-test were
reported, and both sets of results from models with and
without adjustment for the carryover effect were presented.
Pairwise comparison of mean Likert scores between any
two articles were estimated and reported following the lin-
ear mixed-effect model using least squares means (LS-
means) of fixed effects. All statistical analyses accepted a
significance limit of o = 0.05 and were performed using
SAS v9.4 (SAS Institute Inc., Cary, NC, USA). Figure 1 was
produced using Stata v14.0 (StataCorp LP, College Station,
TX, USA).
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Table 1 Characteristics of the 24 participants by randomization sequence

Randomization sequence®

I (n=5) I(n=7) Il (n=6) IV (n=6) P-value®
Gender, n (%)
Male 3 (60%) 6 (85.7%) 1(16.7%) 2 (33.3%) 0.08
Female 2 (40%) 1(14.3%) 5(83.3%) 4 (66.7%)
Race, n (%)

White 5 (100%) 7 (100%) 5 (83.3%) 6 (100%) 0.71

African American 0 0 1(16.7%) 0
Ethnicity, n (%)

Not Hispanic or Latino 5 (100%) 7 (100%) 6 (100%) 6 (100%) -
Age (years), mean (SD) 18.6 (0.9) 19.9 (1.7) 20 (3.5) 20.8 (2.2) 0.48
Height (cm), mean (SD) 178.9 (9) 180.4 (7.1) 166.4 (11.2) 174.3 (7.4) 0.05
Weight (kg), mean (SD) 77.5 (12.6) 79.2 (14.8) 62 (10.8) 71.9 (11.7) 0.1

4. Reference, Control, Test 5 min, Test 24 h. Il: Test 24 h, Test 5 min, Control, Reference. lll: Test 5 min, Test 24 h, Reference, Control. IV: Con-
trol, Reference, Test 24 h, Test 5 min. Reference — prednisone solution USP 5 mg/5 ml; Test 24 h — prednisone-loaded microsphere suspension
prepared at least 24 h in advance of taste test; Test 5 min — prednisone-loaded microsphere suspension prepared approximately 5 min before the
taste test; Control — prednisone-free microsphere suspension. °P-values are from Fisher’s exact test for categorical variables and one-way ANOVA
for continuous variables.
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Figure 1 Summary of Taste Sensation after Administration of the Four Test articles. Test articles are (1) Reference — prednisone solution USP
5 mg/5 ml; (2) Test 24 h — prednisone-loaded microsphere suspension prepared at least 24 h in advance of taste test; (3) Test 5 min — pred-
nisone-loaded microsphere suspension prepared approximately 5 min prior to the taste test; and (4) Control — prednisone-free microsphere sus-
pension. [Colour figure can be viewed at wileyonlinelibrary.com]

LS-means estimates of the Likert scores from the six
questions of palatability questionnaire are provided in
Table 2. Pairwise comparisons of estimated Likert scores

Results

There were a total of 24 eligible and consented participants,

all of whom completed the study. Demographic character-
istics for the study cohort are summarized in Table 1.
Except for height, there were no significant differences
among the four randomization sequences. The borderline
significant difference for height was presumably due to
more female participants in the Sequences III and IV.

between any pairs of articles following the linear mixed-
effect model are shown in Table 3.

Significant carryover effects between periods were indi-
cated when the F-test for re-parameterized carryover effects
had a P-value less than 0.05. Analysis of the taste scores
revealed evidence of significant carryover effects for the
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Table 2 Unadjusted and adjusted mean (SD) of Likert scores for the five palatability category

Test article®

Palatability category Estimate® Reference Test 24 h Test 5 min Control
Taste score Unadjusted 2.21(0.25) 6.04 (0.25) 7.04 (0.25) 7.00 (0.25)
Adjusted 1.78 (0.40) 4.62 (0.42) 6.43 (0.40) 5.57 (0.42)
Texture/mouth feel score Unadjusted 3.92 (0.30) 5.17 (0.30) 5.75 (0.30) 6.33 (0.30)
Adjusted 2.38 (0.54) 3.69 (0.57) 3.97 (0.55) 5.00 (0.56)
Smell Unadjusted 4.17 (0.26) 5.83(0.26) 6.13 (0.26) 6.21 (0.26)
Adjusted 3.73(0.48) 4.83 (0.50) 5.65 (0.48) 5.18 (0.50)
Aftertaste Unadjusted 2.25 (0.32) 4.63 (0.32) 5.17 (0.32) 6.29 (0.32)
Adjusted 2.80 (0.57) 3.85 (0.60) 5.55 (0.58) 5.48 (0.60)
Willingness to take Unadjusted 3.67 (0.32) 6.54 (0.32) 7.46 (0.32) 7.79 (0.32)
Adjusted 3.50 (0.53) 4.90 (0.55) 7.03 (0.53) 6.09 (0.55)

“Unadjusted mean taste scores are controlled for age, gender, not adjusted for carryover effect. Adjusted mean taste scores are controlled for
age, gender, as well as carryover effect. "Reference — prednisone solution USP 5 mg/5 ml; Test 24 h — prednisone-loaded microsphere suspension
prepared at least 24 h in advance of taste test; Test 5 min — prednisone-loaded microsphere suspension prepared approximately 5 min before the
taste test; Control — prednisone-free microsphere suspension.

Table 3 Score difference among four test articles®, adjusted for age, gender and carryover effect

Likert score difference, mean (95% Cl)

Palatability category

Col minus row

Test 24 h

Test 5 min

Control

Taste Reference 2.85(1.91, 3.78) 4.66 (4.08, 5.23) 3.79 (2.83, 4.75)
Test 24 h - 1.81(0.90, 2.73) 0.95 (0.40, 1.50)
Test 5 min - - —0.86 (—1.80, 0.07)
Texture/mouth feel Reference 1.31(0.02, 2.60) 1.59 (0.75, 2.44) 2.62 (1.31, 3.94)
Test 24 h - 0.28 (—0.98, 1.54) 1.31 (0.51, 2.12)
Test 5 min - - 1.03 (—0.25, 2.32)
Smell score difference Reference 1.11 (-0.03, 2.24) 1.92 (1.21, 2.63) 1.46 (0.30, 2.61)
Test 24 h - 0.82 (-0.29, 1.92) 0.35 (-0.33, 1.03)
Test 5 min - - —0.47 (—1.59, 0.66)
Aftertaste score Reference 1.05 (-0.32, 2.42) 2.75(1.88, 3.61) 2.67 (1.28, 4.07)
Test 24 h - 1.70 (0.36, 3.03) 1.63 (0.80, 2.45)
Test 5 min - - —0.07 (=1.43, 1.29)
Willingness to take Reference 1.40 (0.18, 2.63) 3.54 (2.79, 4.29) 2.59 (1.35, 3.84)
Test 24 h - 2.14 (0.95, 3.33) 1.19 (0.48, 1.90)
Test 5 min - - —0.94 (-2.16, 0.27)

“Reference — prednisone solution USP 5 mg/5 ml; Test 24 h — prednisone-loaded microsphere suspension prepared at least 24 h in advance of
taste test; Test 5 min — prednisone-loaded microsphere suspension prepared approximately 5 min before the taste test; Control — prednisone-free

microsphere suspension.

Test 24 h (P = 0.003) and Control (P < 0.001) articles.
After controlling for age and gender, the Test 5 min. article
has the highest (most favourable) taste score (Table 2). The
taste scores, whether adjusted or not for the carryover
effect, differed significantly among the four articles (overall
P < 0.0001). When comparing between pairs of the four
test articles, the Test 5 min and Control scores were signifi-
cantly higher than the Test 24 h and Reference scores
(Table 3). The difference between the Test 5 min and Con-
trol scores was not statistically significant.

Of the 24 participants, 87.5% (n = 21) described the Ref-
erence article as bitter, 41.7% (n = 10) described the Test
24 h article as sweet, and another 41.7% (n = 10) described

the Test 24 h article as bitter. The Test 5 min article was
described as sweet by 70.8% (n = 17) of participants; the
Control article was also described as sweet by 70.8%
(n = 17) of participants (Figure 1).

For texture/mouth feel, carryover effects were detected
for the Reference, Test 5 min and Control articles
(P =0.002, 0.02 and 0.02, respectively). After controlling
for age and sex, the Control article had the highest score
(Table 2). The texture/mouth feel scores, whether adjusted
or not for the carryover effect, differed significantly among
the four articles (overall P < 0.001). When comparing
between pairs of the four test articles, the Test 24 h, 5 min
and Control articles were preferable over reference
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(Table 3). The differences between the Test 24 h and the
Test 5 min articles or the Test 5 min and Control articles
were not statistically significant.

With respect to smell, significant carryover effect was
detected for the Test 24 h article (P = 0.04). The Test
5 min article was the highest (most favourable) smell score
after controlling for age and sex and adjusting for carryover
effect (Table 2). The smell scores, whether adjusted or not
for the carryover effect, differed significantly among the
four articles (overall P < 0.001). Pairwise comparison
showed that the Test 24 h, Test 5 min and Control articles
were preferable over the Reference article (Table 3) while
the differences between the Test 24 h, 5 min and Control
articles were not statistically significant.

Significant carryover effect was found for the Control
study article when analysing the aftertaste scores
(P = 0.04). Overall, the Test 5 min article had the highest
score in terms of aftertaste after controlling for age and sex
and adjusting for carryover effect (Table 2). The aftertaste
scores, whether adjusted or not for the carryover effect, dif-
fered significantly among the four test articles (overall
P < 0.001). When comparing between any pairs of the
study articles, the Test 5 min and Control articles were
preferable over both the Reference and Test 24 h articles
(Table 3). The differences between the Reference and Test
24 h articles or the Test 5 min and the Control articles were
not statistically significant.

In terms of the participant’s willingness to take the dif-
ferent study articles another time, significant carryover
effects were detected for the Test 24 h (P = 0.005) and the
Control articles (P < 0.001). The Test 5 min article had the
highest score (i.e. most acceptable) after controlling for age
and sex and adjusting for carryover effect (Table 2). The
willing-to-take scores, whether adjusted or not for the car-
ryover effect, differed significantly among the four test arti-
cles (overall P < 0.0001). Pairwise comparison revealed
that the Test 5 min and Control articles scored significantly
higher (i.e. more acceptable/preferable) than the Reference
and Test 24 h articles (Table 3). The difference between the
Test 24 h and Control articles was not statistically signifi-
cant.

A summary of participant preference among the four
investigational articles is summarized in Table 4. The Test
5 min (the Orbis microsphere formulation reconstituted
immediately before administration) and the Control (pred-
nisone-free microsphere suspension) articles were the most
preferable in every category of the palatability assessed, and
they were indistinguishable from each other. The Test 24 h
article (the Orbis microsphere formulation reconstituted
24 h before administration) was preferred over the refer-
ence (proprietary prednisone formulation) article in terms
of texture/mouth feel and smell. A ‘bitter’ taste was most
commonly described for the reference study article whereas
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the Test 5 min and the Control articles were most com-
monly described as tasting ‘sweet’ by the participants.

Discussion

As described in a review by Matsui,'*! poor palatability of
orally administered drugs can negatively impact paediatric
medication adherence and especially creates a problem for
medications which elicit a bitter taste perception. Of the
taste sensations, bitterness is the most sensitive, and many
individuals perceive it as unpleasant or disagreeable. A large
number of naturally occurring bitter compounds are toxic.
Consequently, the ability to detect bitter-tasting com-
pounds at low thresholds is considered to convey a protec-
tive function in humans."” More recent studies
concerning the biology of bitter taste perception have
demonstrated that specific taste receptors such as TAS2R38,
which are coupled to the G protein gustducin, are responsi-
ble for the human ability to taste bitter substances.'!! As
demonstrated by Roudnitzky et al,!'?) there are genetic
polymorphisms of functional significance in many of the
bitter taste receptor (TAS2R) genes such that genomic
structure influences the intensity of the bitter taste percep-
tion. Finally, there are also physicochemical determinants
associated with the perceived intensity of bitter taste such
as differences in chemical structure of a given molecule and
concentration. ™!

Prednisone and prednisolone, corticosteroid anti-inflam-
matory agents approved for a variety of treatment indica-
tions in both children and adults, are both known to be
inherently bitter. A variety of physical approaches have
been used in an attempt to mask the taste of bitter-tasting
drugs administered as both oral solid and liquid dosage
forms."*'®! In an attempt to overcome the limitations
with current prednisone formulations (e.g. improved
palatability, formulation flexibility to allow for weight-
based dosing), the sponsor of this current study (Orbis
Biosciences Inc.) developed a proprietary, free-flowing,
drug-loaded microcapsule-based powder formulation of
prednisone. The microsphere platform utilizes precision par-
ticle fabrication technology to mix a pH-responsive polymer
with a poorly water-soluble drug in a water-free, single-step
process. This initial evaluation of this new formulation was
designed to determine if this novel formulation technology
could effectively mask the taste of prednisone.

Despite its potential limitations associated with com-
parisons of taste perception between individuals or
groups, a 9-point Hedonic Scale (Figure S1) was used to
assess differences in taste perception within a given study
participant between four different substances: a propri-
etary reference formulation of prednisone liquid, the
microsphere prednisone formulation prepared in two dif-
ferent ways (prepared 24 h and immediately before
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Table 4 Summary of participant preference among the four test articles

Prednisone Palatability in Healthy Adults

Palatability/preference

Test article® Taste Initial taste Texture/mouth feel Smell Aftertaste Willingness to take
Reference Bitter

Test 24 h Bitter/sweet +

Test 5 min + Sweet + + + +

Control + Sweet + + + +

“Reference — prednisone solution USP 5 mg/5 ml; Test 24 h — prednisone-loaded microsphere suspension prepared at least 24 h in advance of
taste test; Test 5 min — prednisone-loaded microsphere suspension prepared approximately 5 min before the taste test; Control — prednisone-free

microsphere suspension.

administration) and a control microsphere formulation
which contained no active pharmaceutical ingredients.
This scale has been used for over 50 years to evaluate the
degree of liking or disliking of foods or consumer prod-
ucts and has been adapted into a semi-quantitative tool
designed to assess the relative degree of taste percep-
tion.'”! Specifically, the current assessment included not
only the generation of a ‘taste score’, but also evaluated
texture (mouth feel), smell, the perception of an aftertaste
and the self-reported willingness of a participant to take
one of the four test substances again (Table 2). The ran-
domization sequence used for each of the four test sub-
stances was designed to minimize any bias associated with
period or sequence effects. The microsphere formulation
of prednisone prepared immediately before administration
effectively masked the bitter taste of prednisone and was
not different from the control (i.e. placebo) formulation
with respect to solicitation of a sweet, sour, salty, bitter or
savoury (umami) taste response. This similarity between
these two formulations was also apparent for assessment
of texture/mouth feel, smell, aftertaste and participant
preference (i.e. willingness to take again) (Table 4).

In comparison to the assessment of taste characteristics
of foods, there are greater experimental challenges in the
sensory analysis of drugs.!"®! Despite these challenges, it is
increasingly recognized by drug regulatory agencies (both
the US Food and Drug Administration and the European
Medicines Agency) that formulations of drugs, especially
liquids developed for paediatric or geriatric use, should be
evaluated for palatability. While the 9-point Hedonic Scale
used to assess the palatability of the new microsphere pred-
nisone formulation in this study may have inherent limita-
tions,''”! it continues to be used, along with more
simplistic Likert-type scales, in the evaluation of palatability
and swallowability for paediatric oral dosage forms.!® For
this reason, it was chosen over other more recently devel-
oped scales (e.g. a semantically labelled hedonic scale)!'”! as
the approach to conduct this first evaluation of the new
prednisone microsphere formulation.

Conclusions

Palatability of oral drug formulations is one of the most
important determinants of paediatric patient compliance.
This study has demonstrated that a microsphere-based
formulation of prednisone achieves near total taste mask-
ing of the drug. The results from this initial study sup-
port further investigation of this formulation including
performance with regard to relative bioavailability charac-
teristics.
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Additional Supporting Information
may be found in the online version of
this article:

Figure S1. 9-Point Bipolar Hedonic
Scale used in the palatability assess-
ment questionnaire.
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