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a b s t r a c t 

The bitterness of a drug is a major challenge for patient acceptability and compliance, 

especially for children. Due to the toxicity of medication, a human taste panel test has 

certain limitations. Atomoxetine hydrochloride (HCl), which is used for the treatment 

of attention deficit/hyperactivity disorder (ADHD), has an extremely bitter taste. The 

aim of this work is to quantitatively predict the bitterness of atomoxetine HCl by a 

biosensor system. Based on the mechanism of detection of the electronic tongue (E- 

tongue), the bitterness of atomoxetine HCl was evaluated, and it was found that its 

bitterness was similar to that of quinine HCl. The bitterness threshold of atomoxetine HCl 

was 8.61 μg/ml based on the Change of membrane Potential caused by Adsorption (CPA) 

value of the BT0 sensor. In this study, the taste-masking efficiency of 2-hydroxypropyl- β- 

cyclodextrin (HP- β-CyD) was assessed by Euclidean distances on a principle component 

analysis (PCA) map with the SA402B Taste Sensing System, and the host–guest interactions 

were investigated by differential scanning calorimetry (DSC), powder X-ray diffraction 

(XRD), nuclear magnetic resonance (NMR) spectroscopy and scanning electron microscopy 

(SEM). Biosensor evaluation and characterization of the inclusion complex indicated that 

atomoxetine HCl could actively react with 2-hydroxypropyl- β-cyclodextrin. 

© 2019 Shenyang Pharmaceutical University. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

espite its unpleasant feeling, a bitter taste protects 
rganisms from ingesting poisonous substances [1] . The 
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harmaceutical industry is vulnerable to bitterness. Indeed,
ost active pharmaceutical ingredients have a terribly bitter 

aste that has a negative impact on patient acceptability and 

ompliance, especially for pediatric formulations, as children 

re more bitter-sensitive than adults [2 ,3] . 
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Due to the toxicity of bitter compounds, computational
prediction and in vitro biological evaluations have become
considerably more important than in vivo approaches for
bitterness assessment. For example, the Bahia group
[4] investigated three structure-based computational
approaches, including ligand-based methods, structure-
based methods and machine learning techniques, which
could predict the bitterness of most compounds [5 ,6] .
Although all of these methods worked well for prediction,
there was a lack of access to the quantitative evaluation of
bitterness [7] . The electronic tongue (E-tongue) taste system
has been widely used for the evaluation of the bitterness
of medicines [8 ,9] . Two types of E-tongues are commercially
available, the α-Astree sensor (Alpha M.O.S., Toulouse,
France) and the SA402B/TS-5000Z sensor (Insent, AtsugiChi,
Japan). Due to its reliability ( in vitro - in vivo correlation) and
precision (reproducibility and repeatability) [10 ,11] , the Insent
System has been widely employed to quantify the bitterness
intensity of pharmaceuticals with artificial lipid membrane
sensor technology similar to a human tongue taste cell. 

Atomoxetine HCl ( Fig. 1 ) is a selective norepinephrine
reuptake inhibitor and has been approved by FDA as Strattera ®
for the treatment of attention deficit/hyperactivity disorder
(ADHD) in children and adults [12] . It is well known that
atomoxetine HCl is a highly bitter drug [13 ,14] , and therefore,
several novel technologies have been developed to reduce
its bitterness. A taste-masked multi-particulate system of
atomoxetine HCl based on a drug-resin (Kyron T134) complex
was prepared [15] , and chewable dispersible taste-masked
tablet formulations of atomoxetine HCl with Eudragit EPO
were also formulated [16] . Based on its “child friendly” clinical
requirements, atomoxetine HCl oral solution bioequivalent
to atomoxetine HCl capsules was developed by Eli Lilly
Company [17] . To mask the bitter taste, lots of sweeteners
and raspberry flavor (14.7 mg/ml) were used in atomoxetine
HCl oral solution (4 mg/ml) [13] . However, the addition of
sweeteners and flavors is not effective enough to mask the
extremely disgusting taste of the atomoxetine HCl after
swallowing. Cyclodextrins have also been widely used in the
pharmaceutical industry due to their cavities, which can form
inclusion complexes to mask the bitterness of drugs [18–20] .
Especially, HP- β-CyD ( Fig. 1 ), which has good solubility, has
been applied to mask the bitter taste of lidocaine HCl [21] ,
meloxicam [22] and diclofenac sodium [23] . 
Fig. 1 – Chemical structure of (A) atomoxetine H
In this study, the quantitative bitterness of atomoxetine
HCl was measured by the E-tongue system using quinine HCl,
a typical standard bitter substance, as a reference [24–27] .
In order to mask the bitter taste of atomoxetine HCl, the
HP- β-CyD/atomoxetine HCl inclusion complex was prepared
and characterized. The efficiency of bitterness suppression
by HP- β-CyD was evaluated, and the host-guest interactions
were studied by differential scanning calorimetry (DSC),
powder X-ray diffraction (XRD), nuclear magnetic resonance
(NMR) spectroscopy and scanning electron microscopy (SEM).

2. Materials and methods 

2.1. Materials 

Atomoxetine HCl was provided by Shandong Dyne Marine
Biopharmaceutical Co., Ltd. (China). HP- β-CyD (molecular
mass = ∼1370 g/mol, degree of substitution (NMR) = 4.07,
purity (HPLC) = 97.7%) and quinine HCl dihydrate were
purchased from Aladdin. Potassium chloride (KCl), tartaric
acid, potassium hydroxide, and hydrochloric acid (32%) were
purchased from Sino Pharm Chemical Reagent Co., Ltd.
(China). 

2.2. E-tongue evaluation 

A Taste Sensing System (SA402B, Intelligent Sensor
Technology Inc., Japan) equipped with four liquid membrane
sensors (three represent bitterness: BT0/AN0/C00, and
one represent astringency: AE1) and two corresponding
reference electrodes was used for quantitative evaluation. The
bitterness of cationic (basic) substances such as famotidine
was evaluated by an AN0 sensor, and a BT0 sensor was
used for the bitterness evaluation of HCl salts, for example,
alkaloids (quinine HCl). The bitterness of anionic (acidic)
substances such as iso-alpha acid was evaluated by a C00
sensor [28] . 

Ten different concentrations of atomoxetine HCl solution
(0.003–1.0 mg/ml), quinine HCl solution (0.004–1.36 mg/ml)
and HP- β-CyD solutions (0.01–4.729 mg/ml) were prepared in
deionized water. All the concentrations of atomoxetine HCl
solution, quinine HCl solution and HP- β-CyD solution were at
the same molarity (ranging from 0.010 to 1.028 mM). 
Cl and (B) 2-hydroxypropyl- β-cyclodextrin. 
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Table 1 – Procedure for measuring dilute solutions. 

Solution Measuring 
time (s) 

Cleaning 
time (s) 

Sensor 
response 

Cleaning 1 — 90 
Cleaning 2 — 120 
Cleaning 3 — 120 
Conditioning 30 — Vr 
Sample 30 Vs 
Cleaning 4 — 3 
Cleaning 5 — 3 
CPA solution 30 — V r , 
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The taste-masked formulations were prepared by mixing 
tomoxetine HCl and HP- β-CyD at 1:1, 1:2, 1:3, 1:4 and 

:5 molar ratios. All samples were prepared based on 

0 mM potassium chloride solution, and each sample was 
easured four times in a row. The data of the first 

ycle were deleted because measurement data of the first 
ycle tends to be higher than that of other cycles. The 
easurement procedure for each cycle was the same as 

hat displayed in Table 1 . The cleaning 2,3,4,5 solutions and 

onditioning solution, CPA (Change of membrane Potential 
aused by Adsorption) solution in Table 1 , had the same 
omposition, containing 0.3 mM tartaric acid and 30 mM 

otassium chloride. The cleaning 1 solution (in Table 1 ) was 
efined as negatively charged membrane washing solution 

containing 30% ethanol and 100 mM hydrochloric acid) and 

ositively charged membrane washing solution (containing 
00 mM potassium chloride and 10 mM potassium added 

o 30% ethanol) for negatively charged membrane sensors 
T0/AN0 and positively charged membrane sensors C00/AE1,
espectively. The sensor output, denoted as relative value 
 R ) for the initial taste and after taste as a CPA value, was
etermined in relation to the preliminary measured sensor 
esponse to the reference solution ( Vr )[10]. 

 = Vs − Vr (1) 

PA = V r , − Vr (2) 

The PCA map, a powerful data analysis method that can 

asily extract information from large datasets, was used to 
valuate taste-masked formulation with HP- β-CyD. The PCA 

ap containing principal component 1 (PC1) on the x -axis 
nd principal component 2 (PC2) on the y -axis is presented 

n a two-dimensional graph. The Euclidean distances ( Eq.
3) ) on the PCA map were measured to evaluate the taste- 

asking efficiency. Data processing, graphical representation 

nd statistical analysis were carried out using Origin Pro 2018 
Origin Lab Corporation Northampton, MA, USA). 

(x, y ) = 

√ √ √ √ 

n ∑ 

i =1 

( y i − x i ) 
2 (3) 

.3. In vivo evaluation: human taste panel assessment 

n order to evaluate the results of the E-tongue, a human 

aste panel assessment was conducted through a single- 
lind study. An in vivo study was performed to evaluate 
he bitterness level of each formulation by six well-trained 

nd healthy volunteers (age: 26–38 years, gender: 3 males 
nd 3 females). Informed consent from all volunteers was 
btained, and all the subjects were trained systematically 
ccording to the section“2.8.15” of European Pharmacopoeia 
.0 before initiating the study. Pure atomoxetine HCl solution 

nd atomoxetine HCl/HP- β-CyD solution containing equal 
mounts of atomoxetine HCl (equivalent to approximately 
.028 mM) were prepared. All solutions were randomly taken 

nd held in the mouth for 30 s by the subjects, and the
itterness level was scored from 0 to 4 by subjects, 0 standing 
or no taste, 1 for threshold, 2 for slightly bitter, 3 for bitter,
nd 4 being remarkably bitter. Between each test interval,
articipants were required to rinse their mouths well with 

ineral water. All scores for each sample from the six 
ubjects were compared by a t-test , with a significance level of 
 < 0.05. 

.4. Study on the interaction between atomoxetine HCl 
nd HP- β-CyD 

.4.1. Preparation of inclusion complex 
ifferent molar ratios (3:7, 5:5, 7:3) of atomoxetine HCl and HP- 
-CyD were dissolved in deionized water at room temperature 

25 ± 1 °C), and then a solid form of the atomoxetine HCl/HP- 
-CyD inclusion complex was obtained by freeze-drying over 
8 h (Alpha 1–2 LD plus, Martin Christ, Germany) at 223 K and
.03 mbar [29 ,30] . 

.4.2. Differential scanning calorimetry 
SC measurements of pure drug, HP- β-CyD, physical mixture 
nd inclusion complexes were performed using a DSC 1 
ettler Toledo instrument (Mettler-Toledo AG, Analytical,

chwerzenbach, Switzerland). STAR 

e Software was used to 
ompare the variation in the scans of pure drug and 

omplexes. The samples (3–5 mg) were placed in aluminum 

ans and then heated from 25 to 350 °C at a rate of 10 °C/min,
sing an empty pan as a reference. 

.4.3. Powder X-ray diffraction 

owder XRD diffractograms of pure drug, HP- β-CyD, physical 
ixture and inclusion complexes were recorded using an 

-ray powder diffractometer (Miniflex diffractometer 600,
igaku, Japan). The diffraction patterns of atomoxetine HCl,
P- β-CD, the physical mixtures and atomoxetine/HP- β-CD 

nclusion complexes were obtained at angles of 5 °–60 ° (2 θ ). 

.4.4. Scanning electron microscopy 
he surface morphologies of pure drug, HP- β-CyD, physical 
ixture and inclusion complexes were observed by SEM 

S-4800, Hitachi, Japan) with an excitation voltage of 5 KV and 

agnification factor of 500. 

.4.5. Nuclear magnetic resonance 
o further study the interaction between the guest and 

yclodextrin molecules, 1 H spectra were recorded by a 
ruker Avance Ⅲ 600 MHz NMR spectrometer. Pure drug,
P- β-CyD and inclusion complexes were dissolved in 

MSO–d6. 
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Fig. 2 – Radar map of the electronic sensor responses of (A) atomoxetine HCl and (B) quinine HCl at different concentrations. 
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3. Results and discussion 

3.1. Quantitative evaluation of the bitterness of 
atomoxetine HCl 

The quantitative evaluation of the bitterness of atomoxetine
HCl was performed by the biosensor system for the
first time. The responses of AN0, BT0, C00 and AE1
sensors corresponding to the different concentrations of
atomoxetine HCl (0.003–1.0 mg/ml) are shown in Fig. 2 A. As
the concentration of atomoxetine HCl increased, there was
an obvious enhancement of the bitterness sensor responses
(AN0, BT0) for initial taste (relative value), resembling the
sensor output for after taste (CPA value) of the AN0 and BT0
sensors. The sensor output of the astringency sensor AE1
was weak, as was that of the C00 sensor. In addition, the BT0
and AN0 sensor responses were significantly increased at
low concentrations from 0.003 to 0.3 mg/ml relative to other
concentrations. 

In order to understand the bitterness of atomoxetine HCl
intuitively, the sensor outputs of quinine HCl dihydrate, as
described in Fig. 2 B, were also measured as a reference drug.
The trends of the responses of the BT0 and AN0 sensors
between relative values and CPA values were similar to that
of atomoxetine HCl. There was no change in the sensor
output of the astringency sensor AE1 as well as the C00
sensor for both relative value and CPA value with increasing
concentrations. The responses of the BT0 and AN0 bitterness
sensors increased significantly at low concentrations from
0.004 to 0.41 mg/ml. 

Compared to the responses of quinine HCl, the sensor
outputs of the AN0 sensor for both the relative value and CPA
value of atomoxetine HCl were greater than those of quinine
HCl, as with the relative value of the C00 sensor ( Fig. 3 B and
3C). Regarding the outputs of the BT0 sensor for relative value,
the response trend was divided into two parts as shown in
Fig. 3 A, and the sensor outputs of quinine HCl were higher
 

at the concentrations from 0.01 to 1.028 mM and lower at
the concentrations from 1.028 to 3.427 mM than atomoxetine
HCl. This indicates that the bitterness of atomoxetine HCl
is greater at high concentrations for relative value under
the BT0 sensor and less at low concentrations than that
of quinine HCl. Based on the detection mechanism of E-
tongue, the sensor response to bitter compounds requires
that bitter materials are adsorbed on the hydrophobic part of
the membrane, causing a change in membrane potential by
changing the charge density [11 ,31–33] . It was clearly shown
that quinine was adsorbed more quickly at low concentrations
than atomoxetine because of its stronger hydrophobicity.
With increasing concentrations, the space steric hindrance
mainly influenced the adsorption capacity and rate. The CPA
value of the BT0 sensor for atomoxetine was lower than that
of quinine. It was also suggested that atomoxetine should
be removed more quickly from the lipid membrane due to
its smaller molecular size and hydrophobicity. There was no
difference between atomoxetine HCl and quinine HCl under
the C00 sensor for CPA value, nor for the AE1 sensor for both
relative value and CPA value, and especially, no difference for
the C00 sensor for CPA value and the AE1 sensor for relative
value ( Fig. 3 C and 3D). 

The concentration dependence of bitterness was also
assessed by changing the concentration of quinine HCl and
atomoxetine HCl. Based on classical Gouy–Chapman theory
and the Poisson–Boltmann equation [11] , the sensor outputs
should have a linear relationship with the concentration
according to the Nernst equation (4) [10] . Calibration curves
and the regression formula of quinine HCl are shown in Fig.
4 and Table 2 . 

 = U 

0 + 

RT 
zF 

ln f i c i (4)

where U : electrode potential, U 

0 : standard electrode potential,
R : gas constant, T : temperature (K), z : ionic valence of the
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Fig. 3 – Electronic sensor response of quinine HCl at the same concentration compared to atomoxetine HCl. (A) BT0 sensor 
relative response and CPA value, (B) AN0 sensor relative response and CPA value, (C) C00 sensor relative response and CPA 

value, (D) AE1 sensor relative response and CPA value. 
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ubstance, F : Faraday constant, f i : activity coefficient of the 
ubstance, c i : concentration of the substance. 

For the relative value of the BT0 sensor, when 28.44 mV 

t 0.03 mg/ml (0.103 mM) atomoxetine HCl was substituted 

nto the equation “y = 170.15 + 119.72log x ” in Table 2 , the
orresponding concentration of quinine HCl was calculated 

s 0.065 mM. That is to say, the bitterness of atomoxetine HCl 
t 0.103 mM was equivalent to that of quinine HCl (0.065 mM).
t was observed that the bitterness of quinine HCl was greater 
han that of atomoxetine HCl at concentrations from 0.1 mM 

o 1.0 mM under the BT0 sensor ( Table 2 ). However, the 
rends of the responses under the AN0 and C00 sensors were 
ifferent from the BT0 sensor; the BT0 sensor had the same 
utputs for atomoxetine HCl at lower concentrations as the 
orresponding quinine HCl ( Table 2 ). It was suggested that 
tomoxetine HCl had more bitterness at the concentrations 
rom 0.103 mM to 3.427 mM under the AN0 and C00 sensors. 

As described above, both the BT0 and AN0 sensors are 
ffective at detecting the bitterness of cationic substances,
specially the BT0 sensor, which is used for detecting the 
itterness of HCl salts such as quinine HCl. As reported in 

he literature, the AN0 sensor is used for basic materials 
uch as famotidine [34] , and the C00 sensor is used for acidic 
itter materials such as iso-alpha acid [35] . This may explain 

hy the difference in the concentrations of atomoxetine HCl 
nd quinine HCl at the same sensor output in the high- 
oncentration region was larger, as shown in red in Table 2 . 

.2. Definition of the bitterness threshold of atomoxetine 
Cl 

s discussed above, the BT0 sensor is effective for the 
itterness of HCl salts, including quinine HCl and azelastine 
Cl [36] . In this study, the bitterness threshold of atomoxetine 
Cl under the BT0 sensor was analyzed. As shown in Table 
 and Fig. 5 , the concentration dependence of the bitterness 
f quinine HCl and atomoxetine HCl was assessed. According 
o the Nernst equation ( Eq. 4 ), the regression linear equation 

as found to give a reasonable description of the atomoxetine 
Cl concentrations from 0.003 to 0.01 mg/ml. The bitterness 

hreshold of quinine HCl was assumed to be 0.01 mM, and 

hen the relative value of 11.48 mV and the CPA value of 
.22 mV at 0.01 mM were introduced into the linear regression 

quation of atomoxetine HCl as shown in Table 3 , the 
hreshold concentrations of atomoxetine HCl were calculated 

s 6.48 μg/ml and 8.61 μg/ml, respectively. All of these results 
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Fig. 4 – Experimental results and calibration curve of quinine HCl. (A) BT0 sensor for relative value, (B) BT0 sensor for CPA 

value, (C) AN0 sensor for relative value, (D) AN0 sensor for CPA value, (E) C00 sensor for relative value, (F) C00 sensor for CPA 

value. (mean ± SD, n = 3). 

Fig. 5 – Bitterness threshold of atomoxetine HCl under the BT0 sensor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

suggest that atomoxetine HCl is an extremely bitter-tasting
drug. 

3.3. Taste-masked formulations 

The electronic sensor response of HP- β-CyD is shown in Fig.
6 , only the sensor outputs of the AN0 and C00 sensors slightly
increased relative to those of atomoxetine HCl, and the other
sensors barely responded. One possible explanation for these
findings is that the selected sensors of the SA402B taste
sensing system are not effective for neutral compounds, such
as HP- β-CyD. As mentioned above, all three bitterness sensors
(AN0, BT0, C00) are effective at detecting the bitterness of ionic
substances. On the other hand, given the lack of response to
HP- β-CyD, the taste sensing system could be used to evaluate
the taste-masked effectiveness of formulation with HP- β-CyD.

To examine the taste-masking efficacy of formulations,
PCA was used to identify the sensor outputs of four sensors.
Clearly, as shown in Fig. 7 , there was a significant difference
among atomoxetine HCl, HP- β-CyD, and quinine HCl at the
concentration of 1.028 mM. As already illustrated with the
extracted eigenvectors ( Table 4 ), the BT0 sensor was closely
linked with the x -axis (coefficient of PC1 is 0.86), while the
AN0 sensor was aligned to the y -axis (coefficient of PC1 is 0.84).
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Table 2 – Concentration dependency of quinine HCl and atomoxetine HCl for bitterness. 

Bitterness sensor Atomoxetine HCl Regression linear 
equation of quinine HCl 

Corresponding concentration 
of quinine HCl (mM) 

mg/ml mM Sensor outputs (mV) 

Relative value (BT0) 0.03 0.103 28.44 y = 170.15 + 119.72log x 
r = 0.9996 
0.1 ≤ x ≤ 1.0 (mM) 

0.065 
0.06 0.206 51.83 0.103 
0.1 0.343 79.53 0.175 
0.3 1.028 175.04 1.099 

Relative value (AN0) 0.03 0.103 40.81 y = 108.57 + 89.85log x 
r = 0.9967 
0.1 ≤ x ≤ 3.427 (mM) 

0.176 
0.06 0.206 67.57 0.350 
0.1 0.343 90.21 0.625 
0.3 1.028 147.76 2.730 
0.5 1.713 171.86 5.063 
1.0 3.427 207.30 12.555 

Relative value (C00) 0.003 0.010 4.28 y = 15.87 + 6.62log x 
r = 0.9965 
0.010 ≤ x ≤ 3.427 (mM) 

0.017 
0.006 0.021 6.31 0.037 
0.01 0.034 8.60 0.085 
0.03 0.103 13.03 0.438 
0.06 0.206 15.29 1.012 
0.1 0.343 17.23 2.074 
0.3 1.028 22.42 14.119 
0.5 1.713 23.47 20.814 
1.0 3.427 24.27 27.975 

CPA value (BT0) 0.03 0.103 12.04 y = 75.35 + 52.5 log x 
r = 0.9999 
0.1 ≤ x ≤ 1.0 (mM) 

0.062 
0.06 0.206 21.59 0.095 
0.10 0.343 31.80 0.148 
0.3 1.028 58.67 0.481 

CPA value (AN0) 0.03 0.103 11.55 y = 32.97 + 28.53 log x 
r = 0.9959 
0.1 ≤ x ≤ 3.427 (mM) 

0.178 
0.06 0.206 20.81 0.375 
0.1 0.343 30.07 0.791 
0.3 1.028 52.51 4.842 
0.5 1.713 60.36 9.119 
1.0 3.427 71.31 22.072 

CPA value (C00) 0.003 0.010 −0.23 y = −1.2839–0.583log x 
r = 0.9985 
0.010 ≤ x ≤ 1.028 (mM) 

0.016 
0.006 0.021 −0.31 0.021 
0.01 0.034 −0.42 0.033 
0.03 0.103 −0.61 0.070 
0.06 0.206 −0.93 0.244 
0.1 0.343 −1.60 3.439 
0.3 1.028 −1.73 5.901 

Table 3 – Bitterness threshold of atomoxetine HCl. 

Taste sensor Bitterness threshold of quinine HCl Atomoxetine HCl 

mM mg/ml Electronic 
response (mV) 

Regression linear equation 
of atomoxetine HCl 

Bitterness threshold of 
atomoxetine HCl (mg/ml) 

Relative value 
(BT0) 

0.01 0.004 11.48 y = 44.97 + 15.47log x 
r = 0.997 
0.003 ≤x ≤ 0.01(mg/ml) 

0.00648 

CPA value (BT0) 0.01 0.004 4.22 y = 17.86 + 6.60log x 
r = 0.983 
0.003 ≤x ≤ 0.01(mg/ml) 

0.00861 

T
p
fi
1
q  

t

E
w
b
t

f

he cumulative percentage had the highest eigenvalues and 

roportionally accounted for 100% of variance as shown in the 
rst and second principle components (PC1: 98.19% and PC2: 
.81%) in Fig. 7 . The biplots showed that atomoxetine HCl and 

uinine HCl were close to the x- axis loaded for the BT0 sensor,
hereby suggesting similar bitterness for both of them. The 
uclidean distance between atomoxetine HCl and HP- β-CyD 

as calculated as 2.30, which was the same as the distance 
etween quinine HCl and HP- β-CyD, a further explanation for 
he similar bitterness of atomoxetine HCl and quinine HCl. 

The sensor outputs of five different taste-masked 

ormulations with different molar ratios (1:1, 1:2, 1:3, 1:4 
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Fig. 6 – Electronic sensor response of HP- β-CyD at different 
concentrations (mean ± SD, n = 3). 

Fig. 7 – Principal component analysis of the electronic 
sensor response of atomoxetine HCl with those of quinine 
HCl dihydrate and HP- β-CyD under different sensors: BT0, 
AN0, C00, AE1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4 – Extracted eigenvectors for PC1 and PC2 and 

corresponding sensor allocation. 

Biosensor Coefficient of PC1 Coefficient of PC2 

BT0 0.86 −0.52 
AN0 0.51 0.84 
C00 0.07 0.14 
AE1 −0.009 0.035 

Table 5 – Five different taste-masked formulations of 
atomoxetine HCl and HP- β-CyD with different molar 
ratios (1:1, 1:2, 1:3, 1:4 and 1:5). 

Con. of atomoxetine 
HCl (mg/ml) 

Concentration of HP- β-CyD (mg/ml) in 
taste-masked formulation 

1:1 1:2 1:3 1:4 1:5 

0.003 0.014 0.028 0.043 0.057 0.071 
0.006 0.028 0.057 0.085 0.113 0.142 
0.01 0.047 0.095 0.142 0.189 0.236 
0.03 0.142 0.284 0.426 0.567 0.709 
0.06 0.284 0.567 0.851 1.135 1.419 
0.1 0.473 0.946 1.419 1.892 2.364 
0.3 1.419 2.837 4.256 5.675 7.093 
0.5 2.364 4.729 7.093 9.458 11.822 
1.0 4.729 9.458 14.187 18.916 23.645 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and 1:5) ( Table 5 ) under different sensors (BT0, AN0, C00,
and AE1) were also evaluated by PCA. The concentration
of 0.3 mg/ml (1.028 mM) of atomoxetine HCl was chosen
for illustration, as shown in Fig. 8 A. According to Table 6 A,
only the two principle components were used, the first and
second principle components (PC1 and PC2) accounted for
approximately 98.90%, based on the significance level (low
P values, i.e.< 0.05). The contribution of each sensor to each
principle component is given in Table 7 A. PC1 was primarily
related to the BT0 sensor (for the bitterness of HCl salts,
coefficient of PC1 is 0.66) and C00 sensor (for acidic substance
bitterness, coefficient of PC1 is 0.75), while PC2 was related to
the BT0 sensor (coefficient of PC2 is 0.72). 

As presented in Table 8 , the Euclidean distances were
calculated to assess the taste-masked efficiency of the
different formulations described above and pure drug.

The distance between atomoxetine HCl and formulations 

 

increased from 1:1 to 1:5 molar ratios, which suggested that
the suppressing efficiency increased as the molar ration of
HP- β-CyD increased. The formulations of atomoxetine HCl at
0.3 mg/ml (1.028 mM) with a 1:1 molar ratio to 1:5 molar ratio
had distances of 0.90, 1.31, 1.73, 2.38, and 3.19, respectively ( Fig.
8 A). 

The human taste panel tests were applied to
comprehensively evaluate the taste-masking efficiency
of atomoxetine HCl/HP- β-CyD inclusion complexes.
Atomoxetine HCl at a concentration of 0.3 mg/ml with
1:1–1:5 molar ratios was chosen. As shown in Table 9 ,
according to the sensory test evaluation, the bitterness score
decreased with increasing HP- β-CyD ratios, which had a
significant relationship with the results of the E-tongue test.
The subjects reported that pure drug and the formulation
with the 1:1 molar ratio tasted almost the same, indicating
that there was no masking effect generated by HP- β-CyD with
a ratio of 1:1. The bitterness score of the pure drug and each
formulation was defined by t -test. The statistical analysis
indicated a significance difference for the formulations with
1:4 and 1:5 molar ratios relative to atomoxetine HCl ( P < 0.05).
Thus, it was evident that the bitterness of atomoxetine HCl
was efficiently masked by HP- β-CyD. 

As shown in Fig. 8 A, there was a significant difference
between the taste-masked formulations and pure drug on
the y -axis, indicating the remarkably suppressed bitterness of
atomoxetine HCl with HP- β-CyD. Compared to formulations
with 1:4 and 1:5 molar ratios, no significant difference was
observed for the taste-masked formulations with 1:1–1:3
molar ratios on the x -axis. The biplot showed that both taste-
masked formulations with 1:4 and 1:5 molar ratios were close
to the x -axis loaded with the C00 sensor, suggesting an acidic
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Fig. 8 – Principal component analysis of (A) five different taste-masked formulations of atomoxetine HCl (1.028 mM) and 

HP- β-CyD with different molar ratios (1:1, 1:2, 1:3, 1:4 and 1:5), (B) nine different taste-masked formulations of atomoxetine 
HCl (0.01–3.427 mM) and HP- β-CyD with the molar ratio 1:5 under different sensors: BT0, AN0, C00, AE1. 

Table 6 – Eigenvalues of the covariance matrix showing the contribution and significance of each principle component. 

PCA Eigenvalue Percentage of variance Cumulative X 

2 Degrees of freedom Significance level ( P ) 

(A) Formulations of atomoxetine HCl (1.028 mM) and HP- β-CyD with different molar ratios (1:1, 1:2, 1:3, 1:4 and 1:5) 
1 628.39 82.74% 82.74% 139.29 9 1.45 × 10 −25 

2 122.72 16.16% 98.90% 91.66 5 3.01 × 10 −18 

3 8.16 1.07% 99.98% 37.27 2 8.09 × 10 −9 

4 0.17 0.02% 100.00% 0 0 0 
(B) Formulations of atomoxetine HCl (0.01–3.427 mM) and HP- β-CyD with the molar ratio of 1:5 
1 9305.16 99.43% 99.43% 413.08 9 2.22 × 10 −83 

2 45.46 0.49% 99.92% 97.14 5 2.12 × 10 −19 

3 7.68 0.08% 100.00% 48.05 2 3.68 × 10 −11 

4 0.27 0.00% 100.00% 0 0 0 

Fig. 9 – The XRD patterns of atomoxetine HCl, HP- β-CD, the 
physical mixtures and inclusion complexes from top to 

bottom. The characteristic peaks of original crystal of 
atomoxetine at 17.30 °, 18.70 °, 20.70 ° and 24.00 ° (2 θ) are 
shaded in diffractograms. 

Table 7 – Extracted eigenvectors for PC1 and PC2 and 

corresponding sensor allocation. 

Biosensor Coefficient of PC1 Coefficient of PC2 

(A) Formulations of atomoxetine HCl (1.028 mM) and HP- β-CyD 

with different molar ratios (1:1, 1:2, 1:3, 1:4 and 1:5) 
BT0 0.66 0.72 
AN0 0.02 0.29 
C00 0.75 −0.63 
AE1 −0.01 0.04 
(B) Formulations of atomoxetine HCl (0.01–3.427 mM) and 
HP- β-CyD with the molar ratio of 1:5 
BT0 0.73 0.62 
AN0 0.65 −0.75 
C00 0.22 0.19 
AE1 −0.02 0.15 

b
t  

w
p
m
t

itter taste for both formulations. These findings may suggest 
hat atomoxetine is included in the cavity of cyclodextrin,
hile hydrogen chloride remained free in the solution and 

revented lipid molecule dissociation from changing the 
embrane potential and facilitated a response produced by 

he C00 sensor with a negatively charged membrane [11] . 
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Table 8 – Euclidean distances of the taste-masked 

formulations with atomoxetine HCl/HP- β-CyD molar 
ratios (1:1, 1:2, 1:3, 1:4 and 1:5). 

Con. of atomoxetine 
HCl (mg/ml) 

Euclidean distance between formulations 
and pure atomoxetine HCl 

1:1 1:2 1:3 1:4 1:5 

0.003 0.98 0.96 1.02 1.84 2.57 
0.006 0.49 0.69 0.72 2.53 3.01 
0.01 0.67 1.11 1.67 1.75 2.97 
0.03 2.20 2.73 2.77 2.92 3.03 
0.06 1.72 1.88 2.45 2.83 3.10 
0.1 2.70 1.87 2.54 2.80 3.10 
0.3 0.90 1.31 1.73 2.38 3.19 
0.5 0.46 0.66 1.97 2.05 2.46 
1.0 0.37 1.65 2.29 2.48 2.95 

Table 9 – Euclidian distances on the PCA map and 

bitterness intensity scores by the human taste panel 
tests between taste-masked formulations and pure 
atomoxetine HCl at the concentration of 0.3 mg/ml. 

Formulation Distances on the 
PCA map of 
E-tongue 

In vivo bitterness 
intensity scores 
( n = 6, mean ± SD) 

Pure drug — 3.80 ± 0.34 
1:1 0.90 3.71 ± 0.21 
1:2 1.31 3.13 ± 0.56 
1:3 1.73 2.62 ± 0.83 
1:4 2.38 1.94 ± 0.35 
1:5 3.19 1.22 ± 0.16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 – SEM micrographs of (A) HP- β-CyD, (B) atomoxetine 
HCl, (C) the physical mixtures and (D) atomoxetine 
HCl/HP- β-CD inclusion complexes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meanwhile, the results for different concentrations of
atomoxetine HCl with the same molar ratio (1:5) of HP- β-CyD
were chosen for further investigation as illustrated in Fig. 8 B.
The cumulative values displayed that PC1 and PC2 accounted
for approximately 99.92% in Table 6 B. For the extracted
eigenvectors, it was clear that the highest contribution to
PC1 was primarily related to the BT0 sensor and AN0 sensor,
while PC2 was related to the BT0 sensor as shown in Table
7 B. On the PCA map, it was observed that with increasing
concentrations of atomoxetine HCl, the formulation distances
further increased from each other on the x- axis loaded with
the BT0 and AN0 sensors. 

3.4. Exploration of the interaction between atomoxetine 
HCl and HP- β-CyD 

3.4.1. Powder x-ray diffraction 

PXRD diffractograms of atomoxetine HCl, HP- β-CyD,
atomoxetine HCl/HP- β-CyD inclusion complexes and
physical mixture are shown in Fig. 9 . The x-ray diffractogram
of atomoxetine HCl displayed characteristic spectra of
crystalline materials as evident from the number of sharp
and intense peaks. The characteristic peaks of the original
crystal of atomoxetine HCl at 17.30 °, 18.70 °, 20.70 ° and 24.00 °

(2 θ ) were shaded in the diffractograms as reported in the
literature [16 ,37] . However, the diffractograms of HP- β-CyD
and inclusion of atomoxetine HCl showed an amorphous
pattern, indicating the absence of crystallinity. Compared to
the inclusion of atomoxetine HCl, the diffractogram of the
physical mixture retained a few weak characteristic peaks
as displayed by the crystal of atomoxetine HCl. These results
indicate the formation of an atomoxetine HCl and HP- β-CyD
inclusion complex. 

3.4.2. Scanning electron microscopy 
The surface morphologies of pure drugs, HP- β-CyD, physical
mixture and inclusion complexes were observed by SEM ( Fig.
10 ) for further verification of the formation of atomoxetine
HCl/HP- β-CD inclusion complexes. Both HP- β-CyD and its
physical mixture were loose and spherical in appearance
( Fig. 10 A and 10C) as reported in the literature [38 ,39] , and
some small scattered crystalline particles of atomoxetine
HCl within and around the HP- β-CyD spherical particles
could be observed ( Fig. 10 C). All atomoxetine HCl was in
crystal form with a layered texture according to its PXRD ( Fig.
10 B). Atomoxetine HCl/HP- β-CD inclusion complex clearly
showed non-spherical particles ( Fig. 10 D), and although the
morphology was similar to that of atomoxetine HCl, it was not
crystalline according to its XRD. 

3.4.3. Differential scanning calorimetry 
The thermal properties of atomoxetine HCl, HP- β-CD,
the physical mixtures and inclusion complexes were
characterized using DSC as reported in Fig. 11 . The
experiments were performed at the rate of 10 °C/min
from 30 to 350 °C using open pans. The DSC thermogram
of atomoxetine HCl showed a sharply endothermic onset
peak at 170 °C, as well as the physical mixtures with a broad
endothermic onset peak at the same temperature. It was
clearly observed that the DSC thermographs of physical
mixtures and inclusion complexes showed a significantly
different form than HP- β-CD with a sharply endothermic
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Fig. 11 – The DSC patterns of samples as follows: 
atomoxetine/HP- β-CyD inclusion complexes (M ratio 5:5), 
the physical mixtures, HP- β-CyD and atomoxetine HCl from 

top to bottom. 

Fig. 12 – 1H-NMR spectra of atomoxetine HCl (ATM), 
HP- β-CD and inclusion complexes (ATM: HP- β-CD) with 

different molar ratios (3:7, 5:5, 7:3) in DMSO–d6 at room 

temperature. 
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nset peak at 230 °C, suggesting the successful interaction 

etween atomoxetine HCl and HP- β-CD. 

.4.4. Nuclear magnetic resonance spectroscopy 
n order to determine the interaction between atomoxetine 
Cl and HP- β-CD, NMR analysis was conducted to supply 
ore information on the inclusion complexes reported in 

he literature [40–42] . In order to clarify further the molecular 
echanism of the inclusion complex, atomoxetine HCl/HP- 

-CyD inclusion complexes with different molar ratios (3:7,
:5, 7:3) were studied basing on the previous report [43] .
he 1 H NMR spectra of atomoxetine HCl, HP- β-CD and the 

nclusion complexes are presented in Fig. 12 . The proton 

hemical shift ( δ) and the change in chemical shift ( �δ) of 
tomoxetine HCl and HP- β-CD are shown in Tables 10 and 11 ,
espectively. 

In this work, the variation in chemical shift ( �δ) was 
efined as ( δcomplex–δfree). As shown in Table 10 , the 
hemical shift of the H3 ′ and H6 ′ protons of HP- β-CD was 
ignificantly changed, indicating the formation of an inclusion 

omplex. There was a great change in the chemical shift 
f the H2, H3 and H18 protons of atomoxetine HCl ( Table 
1 ) relative to other protons. The chemical shift of the 
18 proton of atomoxetine HCl changed more drastically,
nd a possible explanation is that a hydrogen bond formed 

etween the N atom of the drug and the H atom of HP-
-CD. Compared with free atomoxetine HCl and HP- β-CD,
he changes in the chemical shift of the inclusion complex 
ndicated that atomoxetine HCl reacted with HP- β-CD 

uccessfully. 

. Conclusion 

n order to investigate the bitterness of atomoxetine HCl 
or the treatment of ADHD, a quantitative evaluation of the 
itterness of atomoxetine HCl was performed for the first 
ime by the E-tongue with four sensors (AN0, BT0, C00 and 

E1). In a comparative study with quinine HCl, the trend of 
T0 sensor outputs for relative values indicated two parts 
ith 1.028 mM as a dividing point, and a possible explanation 

as investigated based on the detection mechanism of the 
lectronic tongue. The bitterness threshold of atomoxetine 
Cl was similar to that of quinine HCl. 

The bitterness of atomoxetine HCl was suppressed 

ffectively by HP- β-CyD. The taste-masked formulations 
ith different molar ratios of HP- β-CyD were effectively 

dentified using the E-tongue system and human taste panel 
ests, and it was found that the optimal ratio was not simply 
:1 but rather 1:4 or 1:5. The taste-masked mechanism 

ith HP- β-CyD was investigated. Compared to the pure 
rug, the inclusion complexes showed amorphous patterns 

n PXRD diffractograms and SEM, and the characteristic 
ndothermic onset peak of the drug at 170 °C in DSC 

hermographs disappeared. The chemical shift of H18 
rotons of atomoxetine HCl indicated the formation of a 
ydrogen bond between the N atom of the drug and the H 

tom of HP- β-CyD. These changes in the inclusion complex 
ndicated that atomoxetine HCl reacted with HP- β-CyD 

uccessfully. The possible inclusion structure is displayed in 

ig. 13 with a ratio of HP- β-CyD to atomoxetine HCl of 4:1 [44] .
dditionally, almost all chemical groups of atomoxetine HCl 
ould be included in the complex structure, and the bitter- 
roduced groups could not contact the taste receptors of 
he tongue within a short period with the inclusion complex 
taying in the oral cavity, so the bitter taste of the drug was
asked. 
Overall, this research involved the detailed quantitative 

nvestigation of the bitterness of atomoxetine HCl, highlighted 

he utility of the E-tongue system in the future development 
f taste-masked formulations and provided some information 

bout the interaction between guest molecule and 

P- β-CyD. 
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Table 10 – Chemical shifts ( δ) and chemical shift differences ( �δ) of HP- β-CD and inclusion complexes (atomoxetine HCl: 
HP- β-CD) with different molar ratios (3:7, 5:5, 7:3). 

Hydrogens Chemical shifts, δ (ppm) Chemical shift differences, δ (ppb) 

HP- β-CD 3:7 5:5 7:3 3:7 5:5 7:3 

H1 ′ 5.712 5.725 5.733 5.741 13 21 21 
H2 ′ 3.462 3.462 3.47 3.479 0 8 8 
H3 ′ 4.502 4.834 4.837 4.842 332 335 335 
H4 ′ ,7 ′ ,8 ′ 3.22 3.223 3.227 3.231 3 7 7 
H5 ′ 3.745 3.748 3.756 3.756 3 11 11 
H6 ′ 3.208 3.616 3.63 3.63 408 422 422 
H9 ′ 1.023 1.024 1.028 1.028 1 5 5 

Table 11 – Chemical shifts ( δ) and chemical shift differences ( �δ) of atomoxetine HCl and inclusion complexes (atomoxetine 
HCl: HP- β-CD) with different molar ratios (3:7, 5:5, 7:3). 

Hydrogens Chemical shifts, δ (ppm) Chemical shift differences, δ (ppb) 

Atomoxetine HCl 3:7 5:5 7:3 3:7 5:5 7:3 

H1 3.009 3.014 3.008 3.004 5 −1 −5 
H2 2.196 2.162 2.177 2.188 −34 −19 −8 
H3 5.557 5.531 5.546 5.561 −26 −11 4 
H5,9 7.396 7.381 7.387 7.392 −15 −9 −4 
H6,8 7.387 7.363 7.378 7.377 −24 −9 −10 
H7 7.284 7.277 7.274 7.273 −7 −10 −11 
H11,13 6.742 6.727 6.734 6.74 −15 −8 −2 
H12 6.978 6.973 6.97 6.969 −5 −8 −9 
H14 7.112 7.106 7.103 7.103 −6 −9 −9 
H16 2.268 2.26 2.259 2.26 −8 −9 −8 
H17 2.549 2.552 2.542 2.534 3 −7 −15 
H18 9.037 8.872 9.023 9.133 −165 −14 96 

Fig. 13 – The possible inclusion and taste-masked 

mechanism when the ratio of HP- β-CD/atomoxetine HCl 
was 4:1. 
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