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Gummy drugs are dried jelly formulations prepared by adding a gelling agent to saccharides, which are

then cooled and solidified. Epinastine hydrochloride (Epi) is commonly used to treat allergic diseases as a pre-
scription and over-the-counter drug. However, the extremely bitter taste of Epi would affect its acceptability
among patients. In this study, we aimed to improve the palatability of a gummy drug containing Epi (Epi-G) via
organoleptic masking. Epi-G (10 mg of Epi/3.5 g of gummy drug) with two different organoleptic masking for-
mulations, namely aspartame, cocoa powder, and chocolate flavoring (C-Epi-G) or aspartame, L-menthol, and
lemon flavoring (L-Epi-G). The gustatory sensation test included six healthy adult volunteers (23.3 = 1.8 years).
We used a visual analogue scale (VAS) to evaluate bitterness, sweetness, and the overall palatability of each Epi-
G formulation during chewing and after spitting out the drugs. In the gustatory sensation test, the VAS scores
for bitterness and sweetness were decreased and increased for C-Epi-G and L-Epi-G, respectively, compared
with the values for Epi-G without organoleptic masking. The VAS scores for overall palatability during chew-
ing for C-Epi-G and L-Epi-G were significantly increased by 2.3- and 2.0-fold, respectively, versus the value for
Epi-G. The score after spitting out C-Epi-G remained higher than that of Epi-G. These data illustrated that Epi-
G with organoleptic masking had good palatability, which could improve patient adherence to treatment. The
gummy drugs could represent an alternative dosing formulation for pediatric and geriatric patients by allowing
them to take the drugs more easily than other oral formulations.
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INTRODUCTION

In pharmacotherapy, the medication adherence of patients
is critical to ensure that the expected therapeutic effects are
obtained.!» We have been conducted research to develop
“gummy drugs” based on gummy beads as new formulations
to enhance the dosing of medicines.*® Gummy drugs are dried
jelly formulations prepared by adding a gelling agent to sac-
charides, which are then cooled and solidified. The method of
manufacturing gummy drugs is simple, requiring no special
equipment, and it could permit the ability to prepare gummy
drugs as in-hospital preparations or in-pharmacy formulations
according to the individual needs of each patient. In addition,
gummy drugs can be easily ingested and swallowed, as they
do not require water for consumption and they can be chewed
easily. Therefore, gummy drugs are expected to improve
adherence, in especially pediatric and geriatric patients, who
often have difficulty swallowing oral drugs. We have previous-
ly prepared gummy drugs containing bitter-tasting acetami-
nophen, aripiprazole, and amenamevir.-*)

Because the unpleasant taste and poor palatability of drugs
generally result in poor adherence, it is important to develop

pharmaceutical formulations to overcome these issues. Taste-
masking methods including physical, chemical, and organo-
leptic masking methods are used to mask the unpleasant tastes
of drugs, and they play an important role in dosage formu-
lations. Organoleptic masking methods, including the addi-
tion of sweeteners and flavoring agents, are easy and effec-
tive strategies for masking, and commonly used formulations
include syrup formulations, powder formulations, and orally
disintegrating tablets (ODTs).!0-'» However, few reports have
described the effects of organoleptic masking on the palatabil-
ity of gummy drugs.

Epinastine hydrochloride is a second-generation antihista-
mine and antiallergic drug. It is commonly used for conditions
such as allergic rhinitis as a prescription or over-the-counter
(OTC) formulation. This drug has an extremely bitter taste,
which could affect its palatability among patients.'*'> Phar-
maceutical companies are developing formulations that use
masking technology.!'® However, the bitter taste derived from
epinastine hydrochloride may prevent pediatric patients from
taking the drug.

In this study, we aimed to develop gummy drugs contain-
ing epinastine hydrochloride with preferential palatability via
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organoleptic masking. We prepared gummy drugs containing
epinastine hydrochloride with two different masking formula-
tions and evaluated the effects of organoleptic masking on the
palatability of gummy drugs using gustatory sensation tests in
healthy volunteers.

MATERIALS AND METHODS

Materials Gelatin (AP-50), hydrogenated maltose starch
syrup (Amalty syrup), and D-sorbitol (75% oral solution) were
purchased from Nippi, Inc., (Tokyo, Japan), Mitsubishi Shoji
Foodtech Co., Ltd. (Tokyo, Japan), and Kowa Company, Ltd.
(Nagoya, Japan), respectively. All other samples were commer-
cially obtained as follows: L-menthol (Nagaoka Co., Ltd., Hyogo,
Japan), aspartame (Ajinomoto Pharmaceutical Co., Ltd.,
Tokyo, Japan), cocoa powder (NF-15; Morinaga Shoji Co.,
Ltd.), flavors (lemon and chocolate, Takasago International
Co., Ltd., Tokyo, Japan), and flavoring (Takasago International
Co., Ltd.). Other chemicals used were of regent grade.

Preparation of Gummy Drugs Containing Epinastine
Hydrochloride Gummy drugs were prepared as described
previously with some modifications.+ According to previous
findings,” the most preferred placebo gummy formulation was
confirmed by human sensory tests (6.9% gelatin, 46.7% hydro-
genated maltose starch syrup, and 26.6% D-sorbitol solution).
The formulation is based on this previous study and is set at
approximately the same proportions (Table 1). We prepared a
gummy drug without masking (Epi-G) and two gummy drugs
with different organoleptic masking formulations (C-Epi-G
and L-Epi-G, Table 1). Amalty syrup and the D-sorbitol solu-
tion were mixed and heated (up to 135°C) to concentrate the
solution. Separately, gelatin was dissolved in purified water by
heating at approximately 60°C. The solutions were then mixed
and kept at 70°C. Then, the solution of powdered epinastine
hydrochloride tablets and citric acid suspended in water were
added in sequence at a temperature of 70°C. The tablet powder
was dispersed well in the mixture solution to uniformly obtain
the drug content (10 mg/3.5 g of formulation). For the epi-
nastine gummy drugs with organoleptic masking, aspartame,
cocoa powder, and chocolate flavoring (C-Epi-G) or aspar-
tame, L-menthol, and lemon flavoring (L-Epi-G) were add-
ed as masking agents. Finally, 3.5 g of each mixture were dis-
pensed into a plastic plate shaped like a round pocket using a
syringe and cooled for 24 h at room temperature.

Table 1. Formulation of Gummy Drugs Containing Epinastine for Clinical

Study

Component(%) Epi-G C-Epi-G L-Epi-G
Gelatin 6.9 6.9 6.9
g];;ﬂ;ogenated maltose starch 471 471 471
D-Sorbitol sol. 26.8 26.8 26.8
Citric acid 0.7 0.7 0.7
Epinastine 0.03 0.03 0.03
Aspartame - 0.8 1.0
Cocoa powder NF-15 - 1.0 -
Chocolate flavor - 0.1 -
L-menthol - - 0.1
Lemon flavor - - 0.1
Water 18.1 16.4 17.0
Overall 100 100 100
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Measurements of the Penetration Distance of the Gummy
Drugs We measured the penetration distance of the gum-
my drugs to evaluate their hardness. The penetration distance
of each gummy drug formulation was measured using a pen-
etrometer (Ikemoto Scientific Technology Co., Ltd., Tokyo,
Japan). The needle tip of the instrument was placed in contact
with the surface of each gummy drug, and then a 50-G nee-
dle holder was used to penetrate the gummy drug with the nee-
dle for 5 s.

Gustatory Sensation Test A gustatory sensation test was
conducted for Epi-G, C-Epi-G, and L-Epi-G with six healthy
volunteers (three men and three women; mean age = 23.3 +
1.8 years), who participated in the study after providing writ-
ten informed consent. The study protocol was approved by
the Ethics Committee of the Hamamatsu University School of
Medicine (R15-172). The gustatory sensory test was conduct-
ed in a randomized crossover, single-blind trial consisting of
one stage that tested the taste of gummy drugs.

In the trial, the bitterness, sweetness, and overall palatabili-
ty of the gummy drugs were evaluated using a 100-mm visual
analogue scale (VAS) by placing a mark along a 100-mm line.
The schedule of this trial is presented in Fig. 1. First, volun-
teers placed the gummy drug in their mouths without blindfold
and chewed for 20 s. They evaluated bitterness (0: not bitter at
all, 100: very bitter), sweetness (0: not sweet at all, 100: very
sweet), and overall palatability (0: very bad, 100: very good)
while chewing a gummy (first evaluation). All volunteers spat
out the chewed gummy and rinsed their mouths out with water
immediately. Then, all volunteers were asked to complete the
VAS again (second evaluation). The different gummy drugs
were tested in 30-min intervals.

Statistical Analyses All data are expressed as the mean
+ SD. Statistical analysis was performed using a paired ¢-test
with the post-hoc Bonferroni correction using GraphPad Prism
software (version 5.0; GraphPad-San Diego, CA, USA). A sig-
nificant difference compared with unmasked Epi-G was identi-
fied by a p-value smaller than 0.025 via Bonferroni correction
using a paired 7-test.

RESULTS

Appearance and Penetration Distance of Gummy Drugs
The appearance of the prepared gummy drug is presented in
Fig. 2. Epi-G was white and transparent, whereas C-Epi-G and
L-Epi-G were brown and white, respectively. The penetration
distances of Epi-G, C-Epi-G, and L-Epi-G were 10.1, 9.3, and
10.3 mm, respectively.

VAS Scores for Bitterness, Sweetness, and Overall
Palatability for the Gummy Drugs in the Gustatory Sensa-
tion Test To evaluate the masking of the unpleasant taste of
the drug, the VAS scores of C-Epi-G and L-Epi-G were com-
pared for each taste parameter (Fig. 3).

VAS evaluation
(after spitting out)

VAS evaluation
(during chewing)

Time
Os 20s 30 min
Chewing | // |
(five times) | Rinsing the oral /4 |
Gummy formulation Spitting  cavity with water Next gummy
placed in the oral cavity out formulation

Fig. 1. Schedule of the Gustatory Sensation Test
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Fig. 2. Appearance of Gummy Drugs Containing Epinastine Hydrochloride (Epi-G); Epi-G Containing Aspartame, Cocoa Powder, and Chocolate Flavoring
(C-Epi-G); and Epi-G Containing Aspartame, L-menthol, and Lemon Flavoring (L-Epi-G).
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Fig. 3. Visual Analogue Scale (VAS) of Bitterness, Sweetness, and Overall Palatability for Each Gummy Drug.

Data are presented as the mean and standard deviation in six healthy volunteers. Epi-G, gummy drug containing epinastine hydrochloride without taste masking; C-Epi-G,
Epi-G with aspartame, cocoa powder, and chocolate flavoring; L-Epi-G, Epi-G with aspartame, L-menthol, and lemon flavoring. P < 0.025 indicates a significant difference com-

pared with the value for Epi-G using the paired #-test with Bonferroni correction.

The VAS score of Epi-G for bitterness was 70 during chew-
ing, and the score remained at a similar level (VAS = 65) after
participants spit out the drug. Compared with Epi-G, C-Epi-G
and L-Epi-G had 62% and 50% lower VAS scores, respective-
ly. In addition, the VAS scores for bitterness after spitting out
C-Epi-G and L-Epi-G were lower than that of Epi-G (25 and
33, respectively; p = 0.010 and 0.089, respectively).

The VAS scores for sweetness of C-Epi-G and L-Epi-G
during chewing were 33 and 16, respectively, which were 3.9-
and 1.4-fold higher than that of Epi-G, respectively (Fig. 3).
After spitting out the formulations, the VAS scores were 21.3
and 15.3 for C-Epi-G and L-Epi-G, respectively, representing
7.5- and 5.1-fold increases over that for Epi-G, respectively.

Overall palatability can be defined as an overall assess-
ment of the acceptability of taste and mouthfeel. The over-
all palatability of the gummy drugs was also evaluated using
VAS (Fig. 3). The VAS scores for overall palatability during

chewing were 50.2 and 45.0 for C-Epi-G and L-Epi-G, respec-
tively, which were 2.3- and 2.0-fold higher than that of Epi-
G, respectively. After spitting out the compounds, the VAS
score for C-Epi-G was 2.3-fold higher than that of Epi-G
(p = 0.0026).

DISCUSSION

In this study, we aimed to develop gummy drugs contain-
ing epinastine hydrochloride with improved palatability using
organoleptic masking. The gummy drug contained 10 mg of
epinastine per gummy, which is the same content as the pre-
scription formulation.

We selected two different organoleptic masking formula-
tions for the epinastine gummy drugs, namely cocoa-flavored
and menthol- and lemon-flavored gummy drugs, which were
expected to taste sweet and cool, respectively. The penetra-
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tion distance of the gummy drugs ranged from 9.3 to 10.3 mm,
in line with clinically preferred physical characteristics for
gummy drugs in a previous report.» Thus, it was considered
that the gummy drugs prepared in this study have appropriate
physical properties for clinical use.

The VAS score for bitterness of Epi-G, which lacked
organoleptic masking, was high both during chewing and after
spitting out the gummy (70 and 65, respectively), suggesting
that the strong bitter taste of epinastine in Epi-G was noticed
by volunteers both during and after chewing the gummy. Epi-
nastine hydrochloride is highly water-soluble, and thus, the
drug dissolves quickly in saliva in the oral cavity during chew-
ing and features a strong bitter taste.

Organoleptic masking methods effectively decreased the
bitterness of epinastine and improved its overall palatabil-
ity. It has been reported that the bitterness of a drug can be
masked using several methods. One taste-masking method
involves suppressing the bitterness of a drug by modifying its
organoleptic properties by adding a flavoring substance or bit-
ter blocker to the preparation.!®-3!” In C-Epi-G with cocoa-fla-
vored masking, the VAS score of bitterness was reduced, and
that of sweetness was increased markedly. The VAS score of
overall palatability for the cocoa-flavored formulation was
more than 2-fold higher than that of Epi-G both during and
after chewing. This indicates that the addition of cocoa pow-
der and a sweetener effectively improves the palatability of the
drug. Cocoa powder is typically used to mask the bitterness
of foods and medicines. It was reported that the bitter taste of
rebamipide was suppressed in combination with cocoa pow-
der.'» It was reported that the oil component in cocoa powder
effectively suppressed bitterness and that the flavor of cocoa
powder itself also contributes to the improved palatability.
Previous reports on the effect of cocoa powder on palatabili-
ty focused only on ODTs, but our study found that addition of
cocoa powder to gummy drugs effectively suppressed bitter-
ness.'21%)

Compared with Epi-G, L-Epi-G containing lemon flavor-
ing, L-menthol, and a sweetener featured a reduced VAS score
for bitterness, and its overall palatability during chewing was
similar as that of C-Epi-G. Sugiura et al. revealed that the
combination of a sweetener and double-mint flavoring, which
has a similar sensation as L-menthol, enhanced sweetness and
improved the overall palatability of famotidine ODTs.!920)
In addition, Sotoyama et al. indicated that the bitter taste of
olopatadine hydrochloride, another other antihistamine agent,
in ODTs was suppressed by citric acid, and ODTs containing
the combination of citric acid, yogurt flavoring, and aspartame
were the most suitable formulations regarding palatability.2!
Therefore, it is likely that the sour and cool taste of L-Epi-G
improved its palatability. Conversely, the VAS score after spit-
ting out the gummy drug was only 1.2-fold higher than that
of Epi-G, indicating that the beneficial effect on palatability
in L-Epi-G was not retained after spitting out the drug. Thus,
L-menthol could have a short duration of action. Moreover,
storage tests were conducted on similar formulations with sen-
sory masking (C-Epi-G and L-Epi-G, data not shown) at 40°C
for 6 months. As a result, it was confirmed that the dissolu-
tion of epinastine was not affected and no significant change
in content (approximately 90%) was observed. Furthermore, it
was confirmed that there was no change in the appearance of
the gummy drugs during storage and that there was no mold
contamination.
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One limitation in this study was the small sample size in the
gustatory sensation test, and the sample size was insufficient
for calculating statistically significant differences. In addition,
the volunteers enrolled in this study were all healthy young
adults. Thus, further studies containing larger numbers of sub-
jects from various populations including patients are required
to clarify the impact of taste-masking agents on the palatabili-
ty of epinastine gummy drugs.

Conclusion We developed gummy drugs containing epi-
nastine with good palatability through the inclusion of several
organoleptic masking agents that would be acceptable to most
patients. The use of gummy formulations of medicinal drugs
allows infants and geriatric patients to swallow the drugs more
easily via chewing and improves the palatability of the agents
compared with that of other oral formulations. Therefore,
gummy drugs might improve patient adherence to medication.
Alternatively, OTC medicines can be taken as needed, mak-
ing them convenient for modern life. We therefore believe that
gummy drugs represent an attractive formulation for both pre-
scription and OTC drugs.
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