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Abstract

The purpose of the present study was to examine the effect of adenylic acid
(adenosine 5-monophosphate; AMP), a known nutritional enhancer, on inhi-
biting the bitterness of antipsychotic medicines administered to patients with
mental illnesses, including children. First, we chose four antipsychotic medi-
cines, amitriptyline hydrochloride (AMT), chlorpromazine hydrochloride
(CPZ), haloperidol (HPD) and risperidone (RIS) and evaluated the inhibition
of their bitterness by AMP through taste sensor measurements. AMP showed
a significant bitterness inhibition effect on all drugs. Second, MarvinSketch
analysis revealed the potential formation of electrostatic interactions between
ionic forms (IV) of AMP and ionic (cationic) forms of each drug, which re-
sulted in bitterness suppression. Third, chemical shift perturbations in
'"H-NMR studies suggested an interaction between the phosphate group of
AMP and amino group of AMT, CPZ, HPD and RIS. Last, conventional elu-
tion experiments of up to 1 min simulating oral cavity conditions were per-
formed for 1 whole AMT tablet, half AMT tablet, crushed half AMT tablet,
and crushed AMT tablet containing AMP powder/solution (1, 3 mM poten-
cy). The taste sensor output values of the crushed AMT tablet containing
AMP powder/solution (1, 3 mM potency) were significantly lower than those
of the crushed tablet.

Keywords

Adenylic Acid, Bitterness, Antipsychotic Medicine, Amitriptyline,
Chlorpromazine, Haloperidol, Risperidone, Taste Sensor, Drug-Drug Interaction

1. Introduction

Antipsychotic drugs are administered to patients with mental disorders, such as
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patients with schizophrenic, including children. Regarding the administration
mode of such drugs, oral dosage formulations such as crushed tablets have been
used, as patients with schizophrenia have either trouble swallowing or dysphagia
[1] [2] [3]. However, there have been several reports suggesting a significant in-
crease in the perception of bitterness intensity when such formulations are used,
thereby leading to poor adherence to medication [4] [5] [6] [7]. Notably, pa-
tients with mental disorders, such as schizophrenic, are typically prescribed with
several types of drugs and hence have to receive large amounts of medication
daily. Combined with the repeated administration of crushed tablets, this might
result in behavioral changes and complete rejection of medication, which is es-
sential for these patients [8] [9] [10].

We have previously focused on the quantitative evaluation of the bitterness
range of medicine formulations using an electrical tongue as a taste sensor
[11] [12] [13] [14] [15]. In our previous studies [16] [17] [18], we confirmed
the bitterness of some antipsychotic medicines, such as amitriptyline hy-
drochloride (AMT), chlorpromazine hydrochloride (CPZ) and haloperidol
(HPD).

Identifying a safe agent that could be used for the suppression of bitterness of
such antipsychotic medicines, would facilitate the adherence of patients, includ-
ing children [19], to their prescribed medication. In a recent study [20], using
taste sensor measurements, we identified the significant bitterness suppression
effect of adenylic acid (adenosine monophosphate; AMP), which was used as a
nucleotide-derived nutrient enhancer on the trimethoprim (TMP) and sulfame-
thoxazole (SMZ) combination formulation and also evaluated the underlying
inhibitory mechanism.

In the present study, we chose four types of antipsychotic medicines that have
been associated with bitterness, such as AMT, CPZ and HPD, which is first gen-
eration antipsychotic drugs, and risperidone (RIS) [15], a second generation an-
tipsychotic drug.

AMT is used for the prevention of migraine in children [21]. CPZ is widely
used in patients with schizophrenia and is only available in the form of tablets
for adults; it is administered to children in its crushed form [22]. HPD is a drug
typically used for the treatment of schizophrenia; its bitterness was confirmed in
our previous study [16]. RIS is a second generation drug used for the treatment
of schizophrenia and autism spectrum disorders [23], with very low solubility
(44.74 mg/L at 25°C) [24].

In the present study, we first examined the effect of AMP in inhibiting the
bitterness perception of four types of antipsychotic medicines; AMT, CPZ, HPD
and RIS, as evaluated using taste sensor measurements. Second, we performed
MarvinSketch analysis to clarify the electrostatic interaction between AMP and
each of the four antipsychotic drugs. Third, to clarify the drug-drug interaction
between AMP and each of the four antipsychotic drugs, '"H-NMR experiments
were performed. Last, we performed conventional elution experiments for up to
1 min, using a whole AMT tablet, half AMT tablet, whole crushed half AMT
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tablet, and whole crushed AMT tablet containing AMP powder/solution (1, 3
mM potency). We examined the bitterness taste sensor output of the whole
AMT tablet, half AMT tablet, whole crushed AMT tablet, and whole crushed
half AMT tablet containing AMP powder/solution and evaluated the effect of
adding AMP to the crushed AMT tablet formulation.

2. Materials and Methods
2.1. Materials

Adenosine 5-monophosphate (AMP) and risperidone (RIS) were purchased
from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). Quinine hydrochloride
was purchased from Sigma Aldrich (Missouri, USA). Amitriptyline hydrochlo-
ride (AMT), chlorpromazine hydrochloride (CPZ), haloperidol (HPD), sodium
chloride, and potassium chloride were purchased from Fujifilm Wako Pure
Chemical Co., Ltd. (Osaka, Japan). Polyoxyethylene sorbitan monooleate was
purchased from Nacalai Tesque Inc. (Tokyo, Japan). Amitriptyline hydrochlo-
ride tablets (10 mg; Tryptanol tablets) were purchased from Nichiiko Co., Ltd.
(Toyama, Japan). The structure of AMT, RIS, CPZ, and HPD were shown in
Figures 1(a)-(d), respectively.

2.2. Evaluation of Bitterness Inhibition effect of AMP on AMT, CPZ,
HPD, and RIS Using a Taste Sensor

Briefly, we prepared 0.1 mM AMT or CPZ or HPD or RIS mixed with 0.005,
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Figure 1. Chemical structures of (a) amitriptyline hydrochloride (AMT) (MW: 313.86), (b) risperidone (RIS) (MW: 410.49), (c)
chlorpromazine hydrochloride (CPZ) (MW: 355.33), and (d) haloperidol (HPD) (MW: 375.86).
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0.017, 0.05, or 0.15 mM AMP and measured their output values using a ACO
sensor according to previous studies [15]. Measurements using the taste sensor
were performed as follows. The SA402B taste sensor (Intelligent Sensor Tech-
nology Inc., Atsugi, Japan) was used to determine the bitterness intensities of
sample solutions using the ACO sensor, developed specifically to detect the bit-
terness of basic substances.

Initially, a reference solution (corresponding to saliva) was measured and the
electric potential obtained (mV) was defined as Vr,. Then, a sample solution was
measured and the electric potential obtained was defined as Vs. The relative
sensor output (R), represented by the difference between the potentials of the
sample and reference solution (Vs — Vry) corresponded to the “taste immediate-
ly after placing the sample in the mouth”. The electrodes were subsequently
rinsed with fresh reference solution for 6 s. When the electrode was dipped into
the reference solution again, the new recorded potential was defined as Vr;. The
difference between the potentials of the reference solution before and after sam-
ple measurement (Vr; — Vro) was the “change in membrane potential caused by
adsorption” (CPA) and corresponded to the so-called “aftertaste”. The value ob-
tained when CPA was scored by R was defined as the adsorption ratio. In this
study, the CPA of ACO (CPA ACO0) was considered as the predicted bitterness
intensity of the tested basic drug. The measurement of each sample was repeated
4 times and the average value of the last 3 measurements was used in data analy-
sis [25].

2.3. Estimation of Drug Ionization

The pKa values of AMP, AMT, CPZ, HPD and RIS over the pH range of 0 - 14.0
at 298 K were calculated using MarvinSketch (Chem Axon).

2.4.1H-NMR Studies of the Interaction between AMP and AMT,
CPZ, HPD or RIS

The 'H-NMR spectra were measured on a JEOL 500 MHz spectrometer using
DMSO-d; as a solvent and tetramethylsilane (TMS) as an internal standard.
AMP, AMT, CPZ, HPD and RIS and mixtures of AMP with AMT, CPZ, HPD or
RIS were prepared as sample solutions. The mixing ratio of AMP to AMT, CPZ,
HPD or RIS in the sample solution was 1, 3 and 10 by molar ratio.

2.5. Dissolution Tests of Different AMT Formulations for Up to 1
min and Determination of Bitterness through Taste Sensor
Measurements

Samples, including 1 whole AMT tablet, half AMT tablet, crushed half AMT
tablet and crushed half AMT tablet containing AMP powder (1, 3 mM potency)
were used in the present study. The formula used as artificial saliva consisted of
purified water, 1.47 g/L potassium chloride, 1.44 g/L sodium chloride, and 0.3%
polyoxyethylene sorbitan monooleate [26]. The reason for testing samples of half

tablets is that in Japan, 5 mg amitriptyline is often used to prevent migraines in
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children [27].

In addition, the reason for testing 2 types of half tablet samples was because in
clinical practice in Japan, half tablets are administered to patients to facilitate
adherence to medication, with one tablet being crushed and administered as a
powder equivalent to half tablet. As the AMT tablet used here does not have a
score line for dividing the tablet, it was cut in half using a tablet dividing ma-
chine [28] [29]. The weight of each part of the tablet was precisely measured and
confirmed to be half tablet. Tablets were pulverized according to the Japanese
Pharmacopoeia and passed through a 500 pm sieve [30] [31].

The experimental procedure was as follows: In the case of 1 whole AMT tab-
let, half AMT tablet, crushed half AMT tablet, and crushed half AMT tablet
containing AMP powder (1, 3 mM potency), each sample was gently dispersed
on 20 mL [32] of artificial saliva inside a 50 mL beaker with a bottom stirrer ro-
tating at 100 rpm/min. At 10, 30 and 60 s the whole sample suspension was fil-
tered through a nylon mesh (N-No. 255HD, material: nylon 66, nylon fiber
width 43 pm, mesh opening size 57 pm). Then, each sample was mixed with 20
mL of artificial saliva in another 50 mL beaker and measured using a taste sen-
sor. Based on the results of past experiments in our laboratory, we adopted ACO
as the sensor.

In the case of experiments using the crushed half AMT tablet containing AMP
solution (1, 3 mM potency), artificial saliva containing AMP solution (1, 3 mM
potency) was used as an elution medium, with the rest of the procedure being

essentially the same as mentioned above.

2.6. Statistical Analysis

BellCurve for Excel® (Social Survey Research Information Co., Ltd., Japan) was
used for statistical analysis. Comparisons between groups were conducted using
the Tukey’s test.

3. Results and Discussion

3.1. Evaluation of Bitterness Inhibition Effect of AMP on AMT, CPZ,
HPD and RIS Using the Taste Sensor

Figures 2(a)-(d) show the taste sensor output values (AC0 CPA (mV)) of AMT,
CPZ, HPD and RIS (0.1 mM) containing increasing concentrations of AMP
(0.005, 0.017, 0.05 and 0.15 mM). The addition of AMP significantly decreased
the sensor output value of each drug compared with that of the drug without
AMP. Interestingly, we observed that the bitterness inhibitory effect of AMP was
greater in AMT and RIS; even though we detected a certain degree of bitterness
inhibition in CPZ and HPD. We specifically found that the rate of bitterness
suppression followed the order: RIS (76%) > AMT (63%) > CPZ (42%) > HPD
(37%).

As shown in Table 1, the pH of 0.1 mM AMT, CPZ, HPD and RIS was pro-

portionally decreased with the increasing concentration of AMP.
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Figure 2. The influence of the nucleic acid-based umami component AMP on the taste sensor output value (ACO
CPA (mV)) of neuropsychiatric agents ((a) AMT, (b) RIS, (c) CPZ and (d) HPD. Values are given as the mean +

S.D.,n =3, *p < 0.05, ***p < 0.001 vs. each drug (0.1 mM) (Tukey’s test).

Table 1. The pH values for four kinds of medicines (AMT, CPZ, HPD and RIS) contain-
ing various concentrations of AMP.

Sample pH
AMT (0.1 mM) 6.89 + 0.03
AMT (0.1 mM) + AMP (0.005 mM) 5.25 + 0.03
AMT (0.1 mM) + AMP (0.017 mM) 4.98 £ 0.02
AMT (0.1 mM) + AMP (0.05 mM) 4.52 £ 0.00
AMT (0.1 mM) + AMP (0.15 mM) 4.11+0.01
CPZ (0.1 mM) 6.21 + 0.08
CPZ (0.1 mM) + AMP (0.005 mM) 5.41+0.15
CPZ (0.1 mM) + AMP (0.017 mM) 5.09 £ 0.01
CPZ (0.1 mM) + AMP (0.05 mM) 4.54 £ 0.00
CPZ (0.1 mM) + AMP (0.15 mM) 421 +0.01
RIS (0.1 mM) 8.16 + 0.01
RIS (0.1 mM) + AMP (0.005 mM) 7.64 £ 0.00
RIS (0.1 mM) + AMP (0.017 mM) 7.15+0.03
RIS (0.1 mM) + AMP (0.05 mM) 6.23 + 0.03
RIS (0.1 mM) + AMP (0.15 mM) 4.73 +0.04
HPD (0.1 mM) 8.01 £ 0.18
HPD (0.1 mM) + AMP (0.005 mM) 7.08 + 0.05
HPD (0.1 mM) + AMP (0.017 mM) 6.65 + 0.07
HPD (0.1 mM) + AMP (0.05 mM) 6.37 £ 0.04
HPD (0.1 mM) + AMP (0.15 mM) 4.63 £0.02
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3.2. Estimation of Drug Ionization

The molecular and ionic form ratios based on pKa values over a pH range of 4.1
- 7.6, which covers all pH values at which various concentrations of AMP were
added to AMT, RIS, CPZ and HPD based on MarvinSketch, and the corres-
ponding molecular or ionic form species structures are shown in Figures
3(a)-(e), respectively.

As shown in Figure 3(a), the ionized (amphipilic) form (IV) of AMP predo-
minated at 64.0% - 87.6% at the pH range of 4.1 - 4.7, whereas the ionized
(anonic) form (IIT) of AMP dominated at 84.1% - 95.5% at the pH range of 7.0 -
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7.6. Figure 3(b) shows that approximately 100% of AMT existed only in its ionic
(cationic) form of AMT at a pH range of 4.1 - 6.9. Additionally, the ionic (catio-
nic) form (I) of RIS predominated at 78.5% - 100.0% at the pH range of 4.7 - 8.2
(Figure 3(c)). Likewise, the ionic (cationic) form of CPZ predominated at al-
most 100% at the pH range of 4.2 - 6.2, as shown in Figure 3(d). Figure 3(e)
shows that the ionic (cationic) form of HPD predominated at 52.6% - 100.0% at
the pH range of 4.6 - 8.0, whereas the ratio (%) of the molecular form of HPD
was increased from 0.04% to 47.4% at the pH range of 4.6 - 8.0. Overall, based
on our calculations using MarvinSketch, we expected that the most significant
drug-drug interactions where the electrical interactions between the anionized
AMP forms (IV) and cationized forms of each of the four tested drugs, that is,
AMT, RIS, CPZ and HPD, respectively, and thereby give rise to bitterness inhi-

bition in each drug.

3.3.1H-NMR Studies for Evaluation of the Interaction between
AMP and AMT, RIS, CPZ or HPD

Figures 4-7 show the chemical shift of those and their corresponding assumed
functions. In order to clarify the drug-drug interaction between AMP and each
of AMT, RIS, CPZ and HPD, We examined the interaction of AMT with AMP
and found that the 2.683 ppm dimethyl proton in AMT (Figure 4(d)) was
slightly shifted downfield in an influenced the bitterness receptor binding capacity
of AMT. We examined the interaction of RIS with AMP and detected that the 2.219
ppm methyl proton in RIS (Figure 5(d)) was slightly shift AMP dose-dependent
manner (2.692 ppm; Figure 4(c) AMT:AMP = 1:1, 2.698 ppm; Figure 4(b)
AMT:AMP = 1:3, 2.701 ppm; Figure 4(a) AMT:AMP = 1:10). We also found
that 3.954 - 4.198 ppm of AMP was not shifted even if AMP was added in the
sample solution. We could not confirm this interaction based on the ionization
of proton movement, but we assumed that the hydrogen bond interaction be-
tween AMP and AMT ted downfield in an AMP dose-dependent manner (2.248
ppmy; Figure 5(c) RIS:AMP = 1:1, 2.261 ppm; Figure 5(b) RIS:AMP = 1:3, 2.262
ppm; Figure 5(a) RIS:AMP = 1:10). Likewise, the 3.954 - 3.992 ppm methylene
proton in AMP (Figure 5(e)) was slightly shifted upfield in an RIS dose-dependent
manner (3.934 - 3.981 ppm; Figure 5(a) RIS:AMP = 1:10, 3.930 - 3.983 ppm;
Figure 5(b) RIS:AMP = 1:3, 3.914 - 3.959 ppm; Figure 5(c) RIS:AMP = 1:1). We
confirmed this interaction based on the ionization of proton movement, and as-
sumed that the electrostatic interaction between AMP and RIS influenced the
bitterness receptor binding capacity of RIS. We then examined the interaction of
CPZ with AMP, as shown in Figure 6. We detected that the 2.708 ppm dimethyl
proton in CPZ (Figure 6(d)) was slightly shifted downfield in an AMP
dose-dependent manner (2.728 ppm; Figure 6(c) CPZ:AMP = 1:1, 2.732 ppm;
Figure 6(b) CPZ:AMP = 1:3, 2.733 ppm; Figure 6(a) CPZ:AMP = 1:10). We no-
ticed that the 3.954 - 4.198 ppm proton in AMP was not shifted even if AMP was
added in the sample solution. The electron density was decreased at dimethyl
proton of AMT or CPZ, and that a downfield shift occurred due to a deshielding
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effect. Both AMT and CPZ are salt compound accompanied by hydrochloric acid.
Because hydrochloric acid is more potent acid than adenosine 5-monophosphate,
AMT or CPZ interacts with hydrochloric acid in the vicinity of dimethyl proton
in AMT or CPZ. And proton in AMP was not shifted even if AMP was added in
the sample solution. We thus could not confirm the interaction based on the io-
nization of proton movement, but assumed that the hydrogen bond interaction
between AMP and CPZ influenced the bitterness receptor binding capacity of
CPZ. Finally, we examined the interaction of HPD with AMP, as shown in Fig-
ure 7. We observed that the 1.495 - 1.865 ppm methylene proton in HPD
(Figure 7(d)) was slightly shifted downfield in an AMP dose-dependent manner
(1.651 - 2.107 ppm; Figure 7(c) HPD:AMP = 1:1, 1.761 - 2.224 ppm; Figure
7(b) HPD:AMP = 1:3, 1.812 - 2.203 ppm; Figure 7(a) HPD:AMP = 1:10). In ad-
dition, we found that the 3.954 - 3.992 ppm methylene proton in AMP (Figure
7(e)) was slightly shifted upfield in an HPD dose-dependent manner (3.944 -
3.970 ppm; Figure 7(a) HPD:AMP = 1:10, 3.929 - 3.964 ppm; Figure 7(b)
HPD:AMP = 1:3, 3.882 - 3.919 ppm; Figure 7(c) HPD:AMP = 1:1). We con-
firmed this interaction based on the ionization of proton movement, and as-
sumed that the electrostatic interaction between AMP and HPD influenced the
bitterness receptor binding capacity of HPD.

3.4. Conventional Elution Experiments of Different AMT
Formulations for Up to 1 min and Determination of
Bitterness through Taste Sensor Measurements

As shown in Figure 8(a), the sensor output of the crushed half AMT tablet
peaked at 10 s and was significantly higher than that of the whole and half AMT
tablet.

Addition of AMP powder/solution (1, 3 mM potency) to crushed half AMT
tablet significantly reduced the sensor output value compared with that of the
crushed half AMT tablet at corresponding times, as shown in Figure 8(b).

This fact suggested that adding AMP can successfully suppress the bitter taste
of crushed half AMT tablet up to 1 min in the oral cavity. Accordingly, such a
formulation is thereby expected to improve the adherence of many patients to

such medications.

4. Conclusions

In the present study, we first chose four antipsychotic drugs, that is, AMT, CPZ,
HPD and RIS, and evaluated the ability of AMP to inhibit the bitterness of each
of these four through taste sensor measurements. In all drugs, AMP showed a
significant bitterness inhibition effect.

MarvinSketch analysis suggested that the electrical interaction between the anio-
nized AMP forms (IV) and cationized form of each of these four drugs, was the most
significant drug-drug interaction, and thereby gave rise to bitterness inhibition.

Regarding other potential interactions of AMP with each of these four anti-

psychotic drugs based on the chemical shift perturbations revealed by our

DOI: 10.4236/pp.2022.1310032

442 Pharmacology & Pharmacy


https://doi.org/10.4236/pp.2022.1310032

J. Kawahara et al.

80 r
70

ACO CPA (mV)

Tt

sekok

Tt
skk

T

sokck

_§

*

+

—a
——)
60

. @
20 30 40 50
Time (sec)
=@=0one tablet == half tablet =¢=crushed half tablet

(b)
80
70 i
k%
60 |
= 40 E‘%
g skskok
o 30
<
20
10
O » » » » » »
0 10 20 30 40 50 60
Time (sec)
—&— crushed half tablet —il— crushed half tablet +AMP 1mM (powder)

—>¢ crushed half tablet +AMP 3mM (powder)

—@— crushed half tablet +AMP 3mM (solution)

—A— crushed half tablet +AMP 1mM (solution)

Figure 8. Taste sensor output (CPA value of ACO), time profile in dissolution test as assuming oral cavity
using artificial saliva solution. (a) AMT tablet, half AMT tablet, Crushed half AMT tablet: mean + S.D.,n =
3, *p < 0.05, **p < 0.001 vs. one tablet at the same time, 'p < 0.001 vs. half tablet at the same time (Tukey’s
Test), (b) Crushed half AMT tablet, Crushed half AMT tablet with AMP powder (corresponding to 1 mM/3
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'"H-NMR study, suggested the occurrence of electrostatic interaction between
AMP and RIS or HPD, and the formation of hydrogen bonds between AMP and
AMT or CPZ.

Finally, in a simple dissolution test simulating oral conditions, addition of

AMP powder/solution (1, 3 mM potency) into crushed half AMT tablet powder
significantly reduced the sensor output value of the ground powder dissolution

sample, suggesting a significant reduction in bitterness perception.

DOI: 10.4236/pp.2022.1310032

443

Pharmacology & Pharmacy


https://doi.org/10.4236/pp.2022.1310032

J. Kawahara et al.

Acknowledgements

This work was supported by a JSPS KAKENHI Grant (Number 21H05006).

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this

paper.

References

(1]

(2]

(3]

(7]

(10]

(11]

(12]

Deepika, P.K., Vandan, D.K. and Jonathan, T.S. (2017) Swallowing Disorders in
Schizophrenia. Dysphagia, 32, 467-71. https://doi.org/10.1007/s00455-017-9802-6
Ishikawa, Y. (2018) Necessity of the Suitable Dosage Forms for Children and De-
velopment of Pediatric Formulation. Organ Biology, 25, 51-55.
https://doi.org/10.11378/organbio.25.51

Claire, M.L. and Sukgi, C. (2020) Diagnosis and Management of Pediatric Dyspha-
gia: A Review. JAMA Otolaryngology- Head & Neck Surgery, 146, 183-191.
https://doi.org/10.1001/jamaoto.2019.3622

Mizutani, K., Noda, Y., Kobayashi, T., Andoh, H. and Nabeshima, T. (2005) Survey
of Administration Methods for Powdered Medicines and Effectiveness of Medica-
tion Instruction in Improving Compliance in Pediatric Patients. Japanese Journal of
Pharmaceutical Health Care and Sciences, 31, 151-157.
https://doi.org/10.5649/jjphcs.31.151

Lisa, V.A,, Sienna, R.C., Elia, M., Helga, N., Timothy, L., Cameron, T.N., Rodrick,
K., Gary, J.N. and Stephen, P.S. (2013) Children’s Medicines in Tanzania: A Na-
tional Survey of Administration Practices and preFerences. PLOS ONE, 8, ¢58303.
https://doi.org/10.1371/journal.pone.0058303

Julie, A.M., Alan, C.S., Danielle, R.R. and Suzan, E.C. (2013) The Bad Taste of Me-
dicines: Overview of Basic Research on Bitter Taste. Clinical Therapeutics, 35,
1225-1246. https://doi.org/10.1016/j.clinthera.2013.06.007

Kendrick, J.G., Ma, K., Dezorzi, P. and Hamilton, D. (2012) Vomiting of Oral Medi
cations by Pediatric Patients: Survey of Medication Redosing Practices. Canadian
Journal of Hospital Pharmacy;, 65, 196-201. https://doi.org/10.4212/cjhp.v65i3.1142

Shimomichi, Y., Kawakami, Y., Sugaya, K. And Takase, H. (2018) Improving
Medication Compliance in Pediatric Patients. Applied Therapeutics, 9, 15-20.

Ishizuka, T., Tsuji, E., Mukai, J., Asuka, K. and Uchida, T. (2006) Evaluation of Bit-
terness Due to Breaking up and Crushing Tablets. /apanese Journal of Pharmaceut-
ical Health Care and Sciences, 32, 259-265. https://doi.org/10.5649/jjphcs.32.259

Yamanishi, Y., Oomori, Y., Yamanishi, N., ogawa, M., Kojima, C., Tsukahara, R.,
Takao, T. and Tanaka, K. (2008) Usefulness of Medication Management in Inpa-
tients with Schizophrenia. Japanese Journal of Pharmaceutical Health Care and
Sciences, 34, 1097-1099. https://doi.org/10.5649/jjphcs.34.1097

Yoshimatsu, J., Toko, K., Tahara, Y., Ishida, M., Habara, M., Ikezaki, H., Kojima,
H., Ikegami, S., Yoshida, M. and Uchida, T. (2020) Development of Taste Sensor to
Detect Non-Charged Bitter Substances. Sensors, 20, Article No. 3455.
https://doi.org/10.3390/s20123455

Uchida, T., Miyanaga, T., Tanaka, H., Wada, K., Kurosaki, S., Ohki, T., Yoshida, M.
and Matsuyama, K. (2000) Quantitative Evaluation of the Bitterness of Commercial
Medicines Using a Taste Sensor. Chemical and Pharmaceutical Bulletin, 48,

DOI: 10.4236/pp.2022.1310032

444 Pharmacology & Pharmacy


https://doi.org/10.4236/pp.2022.1310032
https://doi.org/10.1007/s00455-017-9802-6
https://doi.org/10.11378/organbio.25.51
https://doi.org/10.1001/jamaoto.2019.3622
https://doi.org/10.5649/jjphcs.31.151
https://doi.org/10.1371/journal.pone.0058303
https://doi.org/10.1016/j.clinthera.2013.06.007
https://doi.org/10.4212/cjhp.v65i3.1142
https://doi.org/10.5649/jjphcs.32.259
https://doi.org/10.5649/jjphcs.34.1097
https://doi.org/10.3390/s20123455

J. Kawahara et al.

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

(24]
(25]

1843-1845. https://doi.org/10.1248/cpb.48.1843

Kumagai, C., Tokuyama, E., Ishizaka, T., Mukai, J., Asaka, K. and Uchida T. (2007)
Overcoming Non-Compliance for Antibacterial Agents. Japanese Journal of Phar-
maceutical Health Care and Sciences, 33, 659-665.
https://doi.org/10.5649/jjphcs.33.659

Okuno, T., Morimoto, S., Nishikawa, H., Haraguchi, T., Kojima, H., Tsujino, H.,
Arisawa, M., Yamashita, T., Nishikawa, J., Yoshida, M., Habara, M., Ikezaki, H. and
Uchida, T. (2020) Bitterness-Suppressing Effect of Umami Dipeptides and Their
Constituent Amino Acids on Diphenhydramine: Evaluation by Gustatory Sensation
and Taste Sensor Testing. Chemical and Pharmaceutical Bulletin, 68, 234-243.
https://doi.org/10.1248/cpb.c19-00736

Yoshida, M., Kojima, H., Uda, A., Haraguchi, T., Ozeki, M., Kawasaki, I., Yamamo-
to, K., Yano, I., Hirai, M. and Uchida, T. (2019) Bitterness-Masking Effects of Dif-
ferent Beverages on Zopiclone and Eszopiclone Tablets. Chemical and Pharmaceut-
ical Bulletin, 67,404-409. https://doi.org/10.1248/cpb.c18-00502

Kojima, H., Kurihara, T., Yoshida M., Haraguchi, T., Nishikawa, H., Ikegami, S.,
Okuno, T., Yamashita, T., Nishikawa, J., Tsujino, H., Arisawa, M., Habara, M., Ike-
zaki, H. and Uchida, T. (2021) A New Bitterness Evaluation Index Obtained Using
the Taste Sensor for 48 Active Pharmaceutical Ingredients of Pediatric Medicines.
Chemical and Pharmaceutical Bulletin, 69, 537-547.
https://doi.org/10.1248/cpb.c20-01014

Haraguchi, T., Okuno, T., Nishikawa, H., Kojima, H., Ikegami, S., Yoshida, M., Ha-
bara, M., Ikezaki, H. and Uchida, T. (2019) The Relationship between Bitter Taste
Sensor Response and Physicochemical Properties of 47 Pediatric Medicines and
Their Biopharmaceutics Classification. Chemical and Pharmaceutical Bulletin, 67,
1271-1277. https://doi.org/10.1248/cpb.c19-00508

Haraguchi, T., Uchida, T., Yoshida, M., Kojima, H., Habara, M. and Ikezaki, H. (2018)
The Utility of the Artificial Taste Sensor in Evaluating the Bitterness of Drugs: Corre-
lation with Responses of Human TASTE2 Receptors (hTAS2Rs). Chemical and
Pharmaceutical Bulletin, 66, 71-77. https://doi.org/10.1248/cpb.c17-00619

Mennella, J.A. and Beauchamp, G.K. (2008) Optimizing Oral Medications for
Children. Clinical Therapeutics, 30, 2120-2132.
https://doi.org/10.1016/j.clinthera.2008.11.018

Kawahara, J., Yoshida, M., Kojima M., Uno, R., Ozeki, M., Kawasaki, L., Habara, M.,
Ikezaki, H. and Uchida, T (2022) The Inhibitory Effect of Adenylic Acid on the Bit-
terness of the Antibacterial Combination Drug Trimethoprim/Sulfamethoxazole.
Chemical and Pharmaceutical Bulletin. (Unpublished)

Razieh, F., Fatemeh, F. and Leila, S. (2018) A Randomized Clinical Trial Com par-
ing the Efficacy of Melatonin and Amitriptyline in Migraine Prophylaxis of Child-
ren. [ranian Journal of Child Neurology, 12, 47-54.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5760673/

Wintermin Fine Granules (Chlorpromazine Hydrochloride) Package Insert (n.d.).
https://www.info.pmda.go.jp/go/pack/1171005C1024 3 01/

Chevreuil, C., Reymann, J.M., Fremaux, T., Polard, E., Seveno, T. and Ben-
tue-Ferrer, D. (2008) Risperidone Use in Child and Adolescent Psychiatric Patients.
Therapies, 63, 359-75. https://doi.org/10.2515/therapie:2008059

https://www.chemicalbook.com/ChemicalProductProperty JP CB9131730.htm

Shiraishi, S., Haraguchi, T., Nakamura, S., Kojima, H., Kawasaki, I., Yoshida, M.
and Uchida T. (2017) Suppression in Bitterness Intensity of Bitter Basic Drug by

DOI: 10.4236/pp.2022.1310032

445 Pharmacology & Pharmacy


https://doi.org/10.4236/pp.2022.1310032
https://doi.org/10.1248/cpb.48.1843
https://doi.org/10.5649/jjphcs.33.659
https://doi.org/10.1248/cpb.c19-00736
https://doi.org/10.1248/cpb.c18-00502
https://doi.org/10.1248/cpb.c20-01014
https://doi.org/10.1248/cpb.c19-00508
https://doi.org/10.1248/cpb.c17-00619
https://doi.org/10.1016/j.clinthera.2008.11.018
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5760673/
https://www.info.pmda.go.jp/go/pack/1171005C1024_3_01/
https://doi.org/10.2515/therapie:2008059
https://www.chemicalbook.com/ChemicalProductProperty_JP_CB9131730.htm

J. Kawahara et al.

(26]

(27]

(28]

[29]

(30]

(31]

(32]

Chlorogenic Acid. Chemical and Pharmaceutical Bulletin, 65, 151-156.
https://doi.org/10.1248/cpb.c16-00670

Hoashi, Y., Tozuka, Y. and Takeuchi, H. (2013) Development of a Novel and Simple
Method to Evaluate Disintegration of Rapidly Disintegrating Tablets. Chemical and
Pharmaceutical Bulletin, 61, 962-966. https://doi.org/10.1248/cpb.c13-00441

Manaka, S. (2012) Headache Management in Neurosurgical Practice. Japanese
Journal of Neurosurgery, 21, 771-778. https://doi.org/10.7887/jcns.21.771

Satoh, J., Endo, M., Yamawaki, Y., Tuchiya, T., Kamo, Y., Tanaka, R. and Shino, M.
(2019) Evaluation of Accuracy and Dispensing Time of Dispensing Aids Used for
Dispensing Split Tablets. Japanese Journal of Pharmaceutical Health Care and
Sciences, 45, 409-415. https://doi.org/10.5649/jjphcs.45.409

Ooshima, M., Nakamura, Y., Tkeda, N., Nishiyama, H., Kosuge, K., Yamada, H.,
Itoh, K. and Matsuyama, T. (2013) Investigation of Tablet Dividing Method with
Less Variation. Japanese Journal of Pharmaceutical Health Care and Sciences, 39,
499-503. https://doi.org/10.5649/jjphcs.39.499

Nakamura, H., Higo, K., Suzuki, A., Fujinuma, Y., Tanaka, Y., Ohtani, M., Kotaki,
H. and Iga, T. (1997) Quantitative Analysis of the Effect of Mixing Conditions on
Mixing Degree of Powder. Japanese Journal of Hospital Pharmacy, 23, 305-311.
https://doi.org/10.5649/jjphcs1975.23.305

Haraguchi, T., Miyazaki, A., Yoshida, M. and Uchida, T. (2013) Bitterness Evalua-
tion of Intact and Crushed Vesicare Orally Disintegrating Tablets Using Taste Sen-

sors. Journal of Pharmacy and Pharmacology;, 65, 980-987.
https://doi.org/10.1111/jphp.12078

Leonard, R., Rees, C.J., Belafsky, P. and Allen, J. (2011) Fluoroscopic Surrogate for
Pharyngeal Strength: The Pharyngeal Constriction Ratio (PCR). Dysphagia, 26,

13-17. https://doi.org/10.1007/s00455-009-9258-4

DOI: 10.4236/pp.2022.1310032

446 Pharmacology & Pharmacy


https://doi.org/10.4236/pp.2022.1310032
https://doi.org/10.1248/cpb.c16-00670
https://doi.org/10.1248/cpb.c13-00441
https://doi.org/10.7887/jcns.21.771
https://doi.org/10.5649/jjphcs.45.409
https://doi.org/10.5649/jjphcs.39.499
https://doi.org/10.5649/jjphcs1975.23.305
https://doi.org/10.1111/jphp.12078
https://doi.org/10.1007/s00455-009-9258-4

	Inhibitory Effect of 5-Adenylic Acid on Bitter Taste of Antipsychotic Drugs
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Evaluation of Bitterness Inhibition effect of AMP on AMT, CPZ, HPD, and RIS Using a Taste Sensor
	2.3. Estimation of Drug Ionization
	2.4. 1H-NMR Studies of the Interaction between AMP and AMT, CPZ, HPD or RIS
	2.5. Dissolution Tests of Different AMT Formulations for Up to 1 min and Determination of Bitterness through Taste Sensor Measurements
	2.6. Statistical Analysis

	3. Results and Discussion
	3.1. Evaluation of Bitterness Inhibition Effect of AMP on AMT, CPZ, HPD and RIS Using the Taste Sensor
	3.2. Estimation of Drug Ionization
	3.3. 1H-NMR Studies for Evaluation of the Interaction between AMP and AMT, RIS, CPZ or HPD
	3.4. Conventional Elution Experiments of Different AMT Formulations for Up to 1 min and Determination of Bitterness through Taste Sensor Measurements

	4. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

