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Abstract. Generally, pellets obtained from extrusion/spheronization, containing microcrystalline cellulose
(MCC), do not disintegrate. An attempt has been made to develop melt-in-mouth pellets of taste-masked
atomoxetine hydrochloride, using extrusion-spheronization, for pediatric patients. Melt-in-mouth pellets
were prepared using extrusion-spheronization method and optimized using 33 FFD. MCC (X1, %),
mannitol (X2, %) and Indion 414: Pharmaburst 500 ratio (X3, ratio) were the factors (independent
variables) studied, whereas responses studied (dependent variables) were friability (Y1, %), yield
(Y2, %) shape (Y3, roundness) in vitro disintegration time (Y4, seconds). The optimized formulation
obtained from FFD was characterized for friability, shape and morphology, in vitro disintegration time,
porosity, moisture uptake, in vitro release study and in vivo taste and disintegration time in healthy human
volunteers. Randomized, two-treatment, two-sequence, two-period, single dose, crossover sensory evaluation
study of taste-masked melt-in-mouth pellet was carried out in 10 healthy human subjects. A statistically
significant polynomial mathematical relationship was generated between the factors and responses to obtain
an optimized formulation. The optimized formulation was characterized (in vitro and in vivo) and exhibited a
rapid drug release in vitro attributed to fast disintegration of pellets and high solubility of drug in 0.1 NHCl and
buffer (pH 6.8). In vivo, 40% of volunteers ranked taste-masked optimized formulation as slightly bitter while
60% ranked it as no taste. The optimized pellets were conveniently administered in volunteers and exhibited
rapid in-vivo disintegration in the oral cavity. Melt-in-mouth pellets can be a used as a platform technology for
administering drugs to paediatric patients accurately and conveniently resulting in patient compliance.
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INTRODUCTION

Drug product development for pediatric population still
has special challenges. An ideal formulation for children
should allow minimal dosage and frequency. Single variant
of dosage form must comply or fit to all range of drugs,
minimal impact on lifestyle, nontoxic excipients and conve-
nient, easy and reliable administration. The biggest hurdle in
the development of pediatric formulation is patient compli-
ance and acceptability (1–3). The pediatric population encom-
passes a wide range of children from newborns to adolescents.
Thus, it is necessary that formulation must be well accepted by
most of the patients for effective and safe therapy.

Development of formulation, which suits to all age group of
children, is a current challenge to the pharmaceutical scientists
(1). The oral route of administration is the preferred one for
children (4). Although tablets are generally easier and
cheaper to develop, manufacture, transport, store and dis-
pense than liquid medicines, the pediatric population often
shows problems in swallowing the medications due to size,
shape, unpleasant smell and taste (5). Conventional tab-
lets and capsules have not been ideally designed for pe-
diatric application. Tablets have either to be splited or
crushed to adjust the dose, according to body weight of the
patient (6, 7).

Multiparticulate systems can be useful platform for a
variety of modern pediatric preparations such as oro-
dispersible or melt-in-mouth system. Melt-in-mouth products
are meant for oral cavity and may dissolve on the tongue in
the presence of small amount of saliva or liquid. They are easy
to administer and provides accuracy of dose (4). Since each
individual unit of multi-particulate contains predetermined
quantity of drug, the drug dose can be easily adjusted by
measuring a specific amount/number of the pellets, de-
pending on the patient’s body weight. Thus, it also offers
a dosing flexibility, an important prerequisite for a widely
heterogeneous group of pediatric patients. Apart from the
dosing flexibility, pellets offer the advantage that they can
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be sprinkled on food, mixed with fluids or directly
swallowed, improving patient compliance (8). Consequently,
such formulation approach seems to provide easy and flexible
administration and high patient compliance, assuring the effec-
tive and safe therapy (9).

We propose to use combination approach of oro-
dispersible system or melt-in-mouth approach along with
multiparticulate drug delivery system. The melt-in-mouth
multiparticulate drug delivery system consists of drug-loaded
uniform spherical pellets (size: 0.5 to 1.5 mm) and capable of
dissolving immediately when placed on the tongue. These
pellets can be successfully developed using extrusion and
spheronization technique. Melt-in-mouth multiparticulate
system offers a Bflexible oro-dispersible drug delivery
technology^ for the delivery of drugs in pediatric population
which:

& Offers ease of dosing flexibility with respect to age group
and body weight

& Patient acceptance with respect to taste and ease to swallow
& Storage and transportation, thus reducing supply challenges,
improved palatability over liquid formulations and storage
problems

Atomoxetine hydrochloride is the FDA-approved non-
stimulant, selective norepinephrine reuptake inhibitor used
for the treatment of attention deficit/hyperactivity disorder
(ADHD) in children as well as in adults. ADHD is one of
most common childhood brain disorders and can contin-
ue until adolescence and adulthood. Symptoms include
difficulty in staying focused and paying attention, diffi-
culty in controlling behaviour and hyperactivity (over-
activity). It selectively inhibits the reuptake of norepinephrine
(10, 11).

In general, emesis is preceded with nausea, and in
such condition, it is difficult to administer drug with a
glass of water; hence, it is beneficial to administer such
drugs as dispersible dosage form. Atomoxetine hydrochlo-
ride is an intensely bitter drug (12, 13); hence, if it is
incorporated directly into an oro-dispersible dosage form,
the main objective behind formulation of such a dosage
form will definitely get futile. Hence, in the present work,
we developed and optimized, taste-masked multi-particu-
late system of atomoxetine hydrochloride using quality by
design (QbD) approach, which dissolves rapidly into the
oral cavity. Our primary aim is to develop such a dosage
form which dissolve or disintegrate in the oral cavity
without drinking water. Thus, it would be suitable for
the patients with swallowing or chewing difficulties espe-
cially pediatrics or geriatrics.

MATERIALS

Atomoxetine hydrochloride was provided as a gift
sample by Sun Pharmaceuticals, Vadodara, India. Kyron
T 314 and Kyron T 134 were obtained as gift samples
from Corel Pharma Chem, India. Pharmaburst 500® was
obtained as gift samples from SPI Pharma, India.
Microcrystalline Cellulose PH 101 (FMC Biopolymer,
Ireland), mannitol (Signet Chemicals, India), lactose
monohydrate (Lactose India Ltd.) and L Hydroxy
propylcellulose-LH 32 (Shin-Etsu, Japan) were used as

excipients and procured from indicated sources. Indion
414 was obtained as a gift sample from Ion-exchange,
India. All materials and reagents were of analytical grade
and used as received.

EXPERIMENTAL METHODS

Taste Masking of Atomoxetine Hydrochloride

Kyron T-134 was used in different ration for taste-making
of atomoxetine hydrochloride (bitter in taste) using slurry
method with water as a solvent (14). In this method, Kyron
T 134 was soaked in solvent for 1 h followed by addition of the
drug. This aqueous mixture was triturated for 30 min and
dried at 80–90°C in order to obtain drug-kyron complex.
Taste masking of the drug in the complex was characterized
using DSC analysis (DSC Q20 V24.9 Build 121, TA
Instrument, USA) and sensory evaluation in healthy human
volunteers.

Pellet Preparation Using Extrusion and Spheronization

All the excipients along with taste-masked active (kyron-
drug complex), except binder (L HPC LH 32) were pre-mixed
for 10 min, as per the factorial design (Tables I and II). The
dry blend was then granulated with an aqueous binder solu-
tion of L HPC LH 32 in order to obtain a wet mass.
Extrudates were obtained by feeding the wet mass in
gravity fed cylinder extruder (R. R. Enterprises, India).
Extrudates were spheronized in spheronizer (R. R.
Enterprises, India) to obtain spherical pellets. The pellets
were dried in fluidized bed processor (Nero-Aeromatic,
Switzerland) at 60°C for 10 min. The dried pellets were
then evaluated for yield (%), shape of the pellets, friabil-
ity (%) and disintegration time. Based on the preliminary
trial batches (Table I), independent factors and factor
levels were identified.

Once the formulation was optimized, a melt-in-mouth
formulation of unmasked atomoxetine hydrochloride was also
prepared with similar composition.

Experimental Design

A 33 full factorial design (FFD), with three centre
points, was used to optimize the pellet formulation. MCC
concentration (X1, %), mannitol concentration (X2, %)
and Indion 414: Pharmaburst 500 ratio (X3, ratio) were
three factors (independent variables) studied. The levels
for the X1, X2 and X3 were chosen in accordance with
the preliminary data. The responses (dependent variables)
studied were friability (Y1, %), yield (Y2, %), shape of
pellets (Y3, roundness) and disintegration time (Y4, sec-
onds). Table I summarizes independent and dependent
variables along with their levels. Various response surface
methodology computations were performed employing
Design-Expert® software (Version 7.1.2, Stat-Ease Inc.,
Minneapolis, MN). All the 29 experimental runs are en-
listed in Table II.
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Statistical data analysis and validation of the optimization
model

Design-Expert® software (Version 7.1.2, Stat-Ease Inc.,
Minneapolis, MN) was used in the current study for genera-
tion and evaluation of statistical experimental design.
Polynomial models including interaction terms were generat-
ed for all the response variables using multiple linear regres-
sion analysis. Graphical representations for influence of
factors and their interaction were generated. In order to val-
idate the polynomial equations, one optimum checkpoint (for-
mulation composition and process) and two random
checkpoints were selected by intensive grid search performed
over the entire experimental domain. Formulations corre-
sponding to these three check points were prepared and eval-
uated for all four responses (Y1 to Y4). The resultant

experimental data of response properties were subsequently
compared quantitatively with the predicted values. Also, the
linear regression plots between observed and predicted values
of the response properties were drawn using MS-Excel ver.
2010 (15).

Characterization of Melt-in-Mouth Pellet Formulation
of Atomoxetine Hydrochloride

Usable Yield (% Theoretical)

The usable yield of pellets was determined from sieve
analysis, which was carried out using a sieve shaker (EMS 8,
Electrolab, India) equipped with (600–2360 μ) sieves, at ampli-
tude of 2 mm, for 5min. The pellet yield was calculated based on
the pellet fraction between #14/22 and presented as the percent
of total pellet weight. This size fraction was considered as a
measurement tool for different batches of pellets (16).

Pellet Sphericity and Shape Analysis

The pellet sphericity and shape were determined using an
image analysis system. Photographs of pellets were taken
under a light microscope system at a magnification of ×4.
The captured images were analysed by image analysis soft-
ware (BA210 Digital, Motic Instruments, India). Around 10
pellets were analysed form every batch. Each individual pellet
was subjected for shape factor, roundness (16, 17). The for-
mula to calculate the roundness is as follows:

Roundness ¼ Area
πXRadius X Radius

ð1Þ

Friability

Six grams of pellets from usable yield were weighed
accurately and subjected to friability test along with 25 stain-
less steel balls (~3 mm, dia.) in Roche friabilator (Electrolab
EF2, India) at 25 rpm for 4 min (i.e. 100 revolutions) (16). The
% friability was determined using following equation:

F ¼ 1−
Wt
W0

� �
� 100 ð2Þ

Where W0=Initial weight of pellets and Wt=weight after
100 revolutions.

Table II. Test Runs Carried out for the Preparation of Atomoxetine
Hydrochloride Melt-in-Mouth Pellets as per 33 Full Factorial Design

Test run X1(MCC)
% w/w

X2 (mannitol)
% w/w

X3(Indion 414:
Pharmaburst 500) ratio

1 0 1 1
2 −1 1 0
3 0 −1 1
4 −1 −1 −1
5 0 −1 0
6 −1 0 1
7 0 0 0
8 1 0 1
9 0 0 1
10 0 −1 −1
11 −1 0 −1
12 −1 0 0
13 −1 −1 1
14 1 1 0
15 1 0 −1
16 1 −1 0
17 1 −1 −1
18 0 1 0
19 1 1 1
20 −1 1 −1
21 0 0 −1
22 0 1 −1
23 1 0 0
24 −1 1 1
25 −1 −1 0
26 1 −1 1
27 1 1 −1
28 0 0 0
29 0 0 0

Table I. Factors (Independent Variables), Factor Levels and Responses (Dependent Variables) Used in 33 Full Factorial Experimental Designs

Factors Factor level used Responses

−1 0 +1 Y1=Friability (%)

X1=MCC (%) 20 25 30 Y2=Yield (%)
X2=mannitol (%) 10 12.5 15 Y3=Shape of pellets
X3=Indion 414: Pharmaburst 500 (ratio) 0.33 0.50 0.67 Y4=Disintegration time (seconds)
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Porosity

Porosity was calculated using the following Eq. (3), for
percent effective porosity (18, 19)

%ε ¼ ρt–ρbð Þ=ρb½ � � 100 ð3Þ

Where ε = effective porosity, ρt = true density and ρb =
bulk density. The true density of the powder formulation was
determined in triplicate using Helium pycnometry (Smart
Pycno 30, Smart Instruments, Mumbai).

In Vitro Disintegration Test

Modified disintegration test apparatus (Electrolab ED
2 L, India) was used for measuring the disintegration time of
pellets. The assembly containing a hollow cylinder and 6 test
tubes was modified by replacing the 10# mesh screen with 24#
mesh screen. Each pellet was kept in the tube individually and
subjected to disintegration test; the time to disintegrate the
pellet was recorded (20, 21).

Moisture Uptake Behaviour

Single pellet was kept on a glass slide lined with a tissue
paper and observed under light microscope (BA210 Digital,
Motic Instruments). Water was added dropwise on tissue pa-
per (to make it wet) using a dropper and further moisture
uptake behaviour by the pellet was observed under micro-
scope at a magnification ×4 (22).

Surface Morphology Study Using Scanning Electron
Microscope

Surface morphology and cross sectional view of the melt-
in-mouth pellet was examined by scanning electron micro-
scope (SEM) (Ultra-55 Carl Zeiss Field emission scanning
electron microscope). The samples were prepared by gently
sprinkling the pellets on a double adhesive tape, which is stuck
to an aluminium stub. The stubs were then coated with gold
using a sputter coater under high vacuum and high voltage to
achieve a film thickness of 30 nm. The samples were then
imaged using a 3-kV electron beam. The images were obtain-
ed at the magnification between ×150 and ×2000.

Drug Content

Atomoxetine hydrochloride content in the pellets was
assayed by a validated first derivative spectrophotometeric
method using UV-Vis spectrophotometer (Shimadzu UV-
1800, Japan) at 229 nm wavelength. The analytical method
was found to be specific, linear in the concentration range
of 5–50 μg/ml, precise (% CV: 1.05–1.73) and accurate
(98.5–102.0%).

In Vitro Drug Release Study

In vitro drug release study of atomoxetine hydrochloride
pellets was carried out in USP apparatus III (41-500-061,
Hanson Research Corporation, USA). Atomoxetine

hydrochloride pellets equivalent to 25 mg were evaluated for
the dissolution studies. The test was carried out in USP dissolu-
tion apparatus III, at 5 dpm (dips per min.), using 250 ml 0.1 N
HCl and in simulated salivary fluid (pH 6.8) as media. Aliquot of
5 ml was withdrawn and replaced with fresh media at 5, 10, 15,
20, 30, 45, 60 and 90 min. The dissolution samples were analysed
by validated first derivative spectrophotometeric method and
drug release was calculated. The analytical methodwas found to
be specific, linear in the concentration range of 5–50 μg/ml,
precise (% CV: 1.05–1.73 for 0.1 N HCl and 1.23–1.65 in PBS,
pH 6.8) and accurate (98.5–102.0% for 0.1 N HCl and 98.2–
102.5% in PBS, pH 6.8) (15).

Sensory Evaluation of Taste-Masked Melt-in-Mouth Pellets
of Atomoxetine Hydrochloride in Healthy Human Volunteers

Clinical Protocol

A randomized, two-treatment, two-sequence, two-period,
single-dose, crossover sensory evaluation study of taste-
masked melt-in-mouth pellet formulation of atomoxetine hy-
drochloride in 10 healthy, adult, male/female, human subjects
under fed condition was carried out. The study protocol was
approved by the Institutional Ethics Committee (Study No. –
BA040414, B.V. Patel PERD Centre, Ahmedabad, India).

All the subjects underwent a screening prior to the day of
first dosing. Volunteers gave a written informed consent after
receiving a detailed explanation of the investigational nature
of the study. Selected volunteers were non-smokers and were
judged healthy on the basis of their medical history, physical
examination and haematological parameters in blood.

Upon entering into the study, the subjects were housed in
the clinical facility of the trial site for 30 min prior to dosing,
until 1 h post-dose in each of the two periods. The study was
conducted in a randomized crossover design. Mouth dissolv-
ing pellets (around 10–12 in number≈1 mg of drug) of
atomoxetine hydrochloride (each pellet contains 90 μg of the
drug), with and without taste-masking, were administered as
per the randomization schedule. The time interval between
periods was 2 days. The pellets were allowed to disintegrate,
and the time taken by pellets to disintegrate in the oral cavity
of the volunteers and the perception of the taste of the given
formulation was recorded. Thereafter, the whole dose was
spited out once sensory evaluation was completed. The oral
cavity was cleansed with plain water thereafter (14).

The volunteers were asked to record their perception for
the taste of the pellet formulation and the disintegration time
for the pellets on the response sheet given to each of them. A
sample response sheet is shown as Table III, which indicates
the evaluation criteria for both, taste perception and in vivo
disintegration time. Volunteers were asked to tick (√) in any of
the given options based on their perception. The responses of
all the volunteers collected were statistically evaluated using
Wilcoxon signed rank test (23).

RESULTS AND DISCUSSION

Taste Masking of Atomoxetine Hydrochloride

Atomoxetine hydrochloride is an extremely bitter tasting
drug, and hence, taste masking of the active is an important
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aspect in pediatric formulation development. For taste
masking of atomoxetine hydrochloride, Kyron T 134 was
used. Chemically, Kyron T 134 is Potassium methacrylate–
divinylbenzene copolymer. Aqueous slurry method was used
and ratio of drug/polymer, 1:3 found to be efficient enough to
mask the taste of atomoxetine hydrochloride, successfully.
The usage of tasteless resin, Kyron T134 (24), in substantially
higher amount in comparison to the drug (drug/resin, 1:3)
results in taste masking of the drug in the drug–resin complex.
This was experimentally confirmed using DSC analysis. The
DSC analysis of above mixture confirmed the complex forma-
tion (Fig. 1) (23). The sharp melting endothermic peak of
atomoxetine hydrochloride at 169.19°C completely disappears

in the complex (Drug and Kyron T 134). Further assurance of
taste masking of the complex was carried out using sensory
evaluation in healthy human volunteers, mentioned in
BSensory Evaluation for Taste Masking and In Vivo
Disintegration Time of the Optimized Melt-in-Mouth Pellets
of Atomoxetine Hydrochloride^ section.

Selection of Factors and Optimization of Pellet Formulation
Using Response Surface Methodology

During the preliminary trials, it was found that MCC, an
extrusion–spheronization aid, is essential to prepare spherical
pellets. Literature also supports the fact that MCC is the most

Fig. 1. DCS curves of atomoxetine hydrochloride, Kyron T 134 and complex of Atomoxetine hydrochloride and Kyron T 134

Table III. Sample Response Sheet to Record Sensory Evaluation for Taste Perception and Disintegration Time of Melt in Mouth Pellets
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important in extrusion–spheronization (25). It is established that
MCC pellets do not disintegrate, and drug release occurs via
diffusion through an insoluble inert matrix (26). Hence, to ob-
tain melt-in-mouth pellets, superdisintegrant and soluble

diluents were added to the pellet composition. Mannitol and
lactose were used as soluble diluents and were found to assist in
easy disintegration of the pellets. Various superdisintegrants
were also evaluated viz., Indion 414, Pearlitol Flash,
Pharmaburst 500, Prosolv SMCC, Ac-di-sol, Glycolys and F-
Melt (21, 24). In most of the cases of preliminary trials, inclusion
of the higher amount of superdisintegrants reduced the pellet
yield. Pellets containing Pharmaburst 500 resulted in high yield;
however, the pellets did not burst within desired duration,
in vitro, 1 min. On the other hand, Indion 414 containing pellets
were found to disintegrate within 30 s in vitro; however,
inclusion of higher amount of Indion 414 reduced the
pellet yield. Thus, combination of Pharmaburst 500 and
Indion 414 could be used as superdisintegrant in the pellet
composition to achieve disintegration in the predetermined time
period.

Based on preliminary trials, simultaneous effect of MCC
concentration, manitol and superdisintegrant ratio was select-
ed and optimized by using 33 full factorial experimental design
with three centre points, wherein each factor was studied at 3
levels (Table I). A 33 full factorial design (FFD) was
applied for the optimization of melt-in-mouth pellet of
atomoxetine hydrochloride. Various batches of pellet
formulations were prepared as per the compositions
mentioned in Tables I and II. A mathematical relation
was generated between the factors (independent vari-
ables) and responses (dependent variables) using statis-
tical Design-Expert® software for determining the level
of factors, which yield desired responses. Responses ob-
tained from all 29 tests run are depicted in Table IV.

Mathematical relationship was generated between the
factors and responses for determining the levels of factors,
which yield optimum responses. A second-order polynomial
regression equation that fitted to the data is as follows:

Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b4X1
2 þ b5X2

2

þ b6X3
2 þ b12X1X2 þ b13X1X3þ ð4Þ

Fig. 2. a RSM plot and b contour plot showing effect of X1, X2 and X3 on friability of melt-in-mouth atomoxetine hydrochloride pellets

Table IV. Test run Responses Carried out as per 33 Full Factorial Design

Test run Y1

Friability
(%)

Y2

Yield
(%)

Y3

(Roundness)
Y4

DT
(seconds)

1 1.7 27.6 60.114 40
2 0.867 52.8 86.338 60
3 1.7 22.8 87.781 30
4 0.7 53.8 80.71 270
5 0.93 33.8 73.372 55
6 1.58 20.2 66.737 35
7 0.63 34.2 71.073 85
8 0.93 29.4 78.259 115
9 1.4 24.6 64.57 55
10 0.3 47.6 87.922 160
11 0.75 60 87.634 400
12 0.817 43 88.338 190
13 1.1 23.8 59.49 25
14 0.88 32.8 80.337 110
15 0.98 44.8 90.056 300
16 0.43 36.6 91.799 200
17 0.616 47.3 84.85 250
18 1.03 47.8 88.356 290
19 0.467 57.4 90.576 280
20 1.03 60.4 81.88 300
21 0.1 49 88.082 300
22 0.15 52.2 94.643 300
23 0.53 41.6 68.292 80
24 1.03 28 80.6 30
25 0.48 33.6 83.38 35
26 0.633 32 62.72 50
27 0.667 32.2 77.49 35
28 0.25 39.2 84.093 70
29 0.38 48.4 93.213 180
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Where b0 is the intercept representing the arithmetic
averages of all the quantitative outcomes of eight experi-
mental runs, b1 to b3 are the coefficients computed from
the observed experimental values of Y for X1, X2, and X3.
X1, X2and X3 are the coded levels of factors. Equation 4
represents the quantitative effect of factors (X1, X2 and
X3) upon each of the responses: Y1 to Y4. Coefficients
with one factor represent the effect of that particular
factor while the coefficients with more than one factor
represent the interaction between those factors. A posi-
tive sign in front of the terms indicates synergistic effect
while negative sign indicates antagonistic effect of the
factors. ANOVA was applied for estimating the signifi-
cance of the model at 5% significance level. A model is
considered significant if the p value is less than 0.05. The
3-dimensional response surface plots were drawn to

estimate the effect of independent variables on each
response.

Friability

The regression equation for friability in actual values is
given in Eq. 5. The equation represents the quantitative effect
of factors (X1, X2 and X3) upon the response Y1.

Y1 ¼ −0:66518−0:00334X1 þ 0:031911X2 þ 1:84542X3 ð5Þ

Coefficient with one factor represents the effect of
that particular factor; positive sign indicates synergistic

Fig. 3. a RSM plot and b contour plot showing effect of X1, X2 and X3 on yield of melt-in-mouth atomoxetine hydrochloride pellets

Fig. 4. a RSM plot and b contour plot showing effect of X1, X2 and X3 on roundness of melt-in-mouth atomoxetine
hydrochloride pellets
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effect. The influence of concentration of MCC, mannitol
and ratio of superdisintegrants on friability is shown in
Fig. 2a. Graphical analysis revealed that friability varied
in a nearly linear ascending pattern with the increase in
superdisintegrants level as well as mannitol. However, the
increase in friability is steeper with the increase in
superdisintegrants level. The same is indicated from the
Eq. 5 wherein factor X3 has higher value of coefficient
than other two factors. On the other hand, increasing the
concentration of MCC decreases the friability, as indicated
by the negative coefficient of X1 in Eq. 5. However, the
effect of superdisintegrant ratio seems to be more pro-
nounced, as clearly depicted from Fig. 2a and coefficients
in Eq. 5. From contour plot (Fig. 2b), it could be seen
that friability is minimum at the lowest ratio of Indion
414: Pharmaburst 500 (X3=0.33) and at high concentration
of mannitol (X2=15% w/w) with a constant amount of
MCC (X1=25% w/w).

Analysis of variance (ANOVA) was applied for es-
timating the significance of the model at 5% significance
level. A factor is considered to influence the response
significantly, if the p value is less than 0.05. From
ANOVA, ratio of Indion 414:Pharmaburst 500 (X3)

was found to exert significant effect on friability
(p<0.05).

Yield

The regression equation for yield in actual values is given
in Eq. 6. The equation represents the quantitative effect of
factors (X1, X2 and X3) upon the response Y2.

Y2 ¼ þ83:42734 −0:26111 X1 þ 0:21556 X2−75:78431 X3 ð6Þ

The influence of concentration of MCC, mannitol and
ratio of superdisintegrants on yield is shown in Fig. 3a.
Graphical analysis shows that yield varies linearly in an
ascending pattern with the change in factors (Fig. 3a, b).
Increasing the concentration of MCC decreases the pellet
yield. Results indicated that increasing the ratio of Indion
414:Pharmaburst 500 decreases yield of pellets, with higher
value of coefficient than other two factors in Eq. 6, while
increasing the concentration of mannitol increases yield.
Thus, effect of superdisintegrant ratio seems to be more

Fig. 5. a RSM plot and b contour plot showing effect of X1, X2 and X3 on disintegration time of melt-in-mouth
atomoxetine hydrochloride pellets

Table V. Validation of Response Surface Model

Test Test condition (X1, X2 and X3) Response Experimental Predicted PE (%)#

A 25% w/w,
12.23% w/w,

0.46

Y1 0.51 0.50 1.96
Y2 47.00 46.27 1.55
Y3 88.22 84.96 3.70
Y4 160.00 163.00 -1.88

B 26.28% w/w,
14.40% w/w,

0.43

Y1 0.50 0.49 2.00
Y2 49.20 47.08 4.31
Y3 87.90 87.13 0.88
Y4 190.00 198.00 -4.21

C 20% w/w,
12.85% w/w,

0.45

Y1 0.53 0.50 5.66
Y2 48.20 47.21 2.05
Y3 88.04 85.19 3.24
Y4 175.00 174.00 0.57

Percent error was calculated using the formula (experimental value−predicted value)/experimental value×100
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pronounced, as clearly depicted from Fig. 3b and Eq. 6.
Analysis of variance (ANOVA) was applied for estimating
the significance of the model at 5% significance level. From
ANOVA, ratio of Indion 414: pharmaburst 500 (X3) was
found to exert significant effect on yield (p<0.0001).

Roundness

The regression equation for roundness in actual values is
given in Eq. 7. The equation represents the quantitative effect
of factors (X1, X2 and X3) upon the response Y3.

Y3 ¼ 106:81048 þ 0:30711X1 −0:47738X2 −48:55948X3 ð7Þ

The influence of concentration of MCC, mannitol and
ratio of superdisintegrants on roundness is shown in
Fig. 4a, b. Graphical analysis shows that roundness varies in a
linearly descending pattern with the change in factors. Results
indicate that increasing the ratio of Indion 414:Pharmaburst 500
decreased roundness of pellets with higher value of coefficient than
other two factors. Increasing the concentration of mannitol de-
creases the pellet roundness, while increasing the concentration of
MCC increases the roundness. Thus, the effect of superdisintegrant
ratio seems to be more pronounced, as clearly depicted from Fig. 4
and Eq. 7. Analysis of variance (ANOVA) was applied for estimat-
ing the significance of the model, at 5% significance level. From
ANOVA, ratio of Indion 414: pharmaburst 500 (X3) was found to
exert significant effect on roundness (p<0.05).

In Vitro Disintegration Time

The regression equation for disintegration time in actual values
is given in Eq. 8. The equation represents the quantitative effect of
factors (X1, X2 and X3) upon the response Y4.

Y4 ¼ þ403:82353 þ 0:83333 X1 þ 5:11111 X2−700:98039X3

ð8Þ

The influence of concentration of MCC, mannitol and
ratio of superdisintegrants on disintegration time is shown in
Fig. 5. Graphical analysis shows that disintegration time varies
linearly with the change in factors. Results indicated that
increasing the ratio of Indion 414:Pharmaburst 500 decreased
disintegration time of pellets with higher value of coefficient
than other two factors (p<0.0001). On the contrary, increase
of mannitol and MCC concentration increased disintegration

time. Thus, the effect of superdisintegrant ratio seems to be
more pronounced, as clearly depicted from ANOVA
(Fig. 5 and Eq. 8).

Optimization of the Pellet Formulation

With the help of polynomial equations, the process
was optimized for all the responses. The final optimal
experimental parameters were calculated by satisfying
the requirements for each response in the set. Thus, to
obtain atomoxetine melt-in mouth pellets, it is desirable to
minimize Y1, maximize Y2 and Y3 and minimize Y4. In
this study, optimization was performed with constraints for
Y1 (<1%), Y2 (maximum), Y3 (≈85) and Y4 (<1 min).

The optimized melt-in-mouth pellet formulation of
atomoxetine hydrochloride thus obtained consist of 20%
w/w MCC, 12.23% w/w mannitol and ratio of Indion
414: Pharmaburst being 0.46. The optimized melt-in-
mouth formulation was completely characterized for its
yield, friability, shape, in vitro disintegration time, po-
rosity, moisture uptake behaviour, surface characteriza-
tion, drug release behaviour, sensory evaluation and
in vivo disintegration time.

Validation of Response Surface Model

In order to assess the reliability of the developed
mathematical model, it needs to be validated. A test
corresponding to the composition of optimum pellet for-
mulation and three additional random tests, apart from
the 29 trial runs of experimental design, with conditions

Table VI. Porosity Analysis of the Melt-in-Mouth Pellets of Atomoxetine Hydrochloride

Pore size distribution

Pore diameter ranges (μm) Relative volume (cc/g)

Blank pellets Unmasked pellets Taste-masked pellets

20– 2 50.16 54.12 57.75
AVERAGE PORE DIAMETER (μM) 2.055201 2.0834308 3.158556

Fig. 6. Light microscopic image of optimized melt-in-mouth pellet
formulation of Atomoxetine hydrochloride
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covering the entire range of experimental domain was
performed (Table V). For each of these test runs, re-
sponses were estimated by use of the generated mathe-
matical model and by experimental procedures. Table VI
lists the test conditions of the optimum and the random
check points, their experimental and predicted values for
response variables. Low value (<5.0%) of prediction error
(% PE) indicates that the predicted and observed values
are in good agreement (Table VI).

Characterization and Evaluation of Optimized Melt-in-Mouth
Pellet of Atomoxetine Hydrochloride

Usable Yield (% Theoretical) of Optimized Melt-in-Mouth
Pellet

The usable yield of pellets was determined from sieve
analysis which was found to be 80% w/w. The pellet yield
was calculated based on the pellet fraction between #14/22

and presented as the percent of total pellet weight. The results
show that usable yield is fairly high, even at low amount of
MCC (i.e. 20% w/w) (27). The inclusion of combination of
superdisintegrants (Indion 414 and Pharmaburst) does not
affect the usable yield of pellets.

Pellet Sphericity and Shape Analysis of Optimized
Melt-in-Mouth Pellet

From our trials, it was difficult to judge and quantify the
pellets in terms of its roundness only by visual observation.
Figure 6 depicts light microscopic image of optimized
pellet. Inspection of photograph suggested that the pellets
were rather ‘rounded’ (i.e. still being considerably elon-
gated with rounded edges, rather than complete spheri-
cal). Image analysis through software also confirmed that
observed roundness or sphericity of optimized pellet was
83.43 and peripheral surface of pellet was slight irregular.
Whereas sphericity of the perfectly spherical pellets

Fig. 7. Light microscopic images of melt-in-mouth atomoxetine hydrochloride pellet showing moisture uptake behaviour of
pellet when wetted with water with in duration of 1 min

Fig. 8. SEM image of surface of melt-in-mouth pellet of atomoxetine hydrochloride a at ×150 magnification,
b at ×2000 magnification and c SEM image of cross-section of melt-in-mouth pellet at ×150
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carries distinct advantages, such as ease of capsule filling
due to better flow properties (26).

Friability of Optimized Melt-in-Mouth Pellet

Friability of the optimized pellet formulation was found
to be 0.48% indicating that optimized pellets have sufficient
abrasion resistance.

In Vitro Disintegration Test of Optimized Melt-in-Mouth Pellet

The optimized melt-in-mouth pellet formulation was
found to be disintegrated within 30 s which fulfil the
prespecified criteria of melt-in-mouth formulation (28).

Porosity of Optimized Melt-in-Mouth Pellet

The porosity of the optimized melt-in-mouth pellets
was evaluated and enlisted in Table VI. It has been
observed that taste-masked pellets have the highest av-
erage pore diameter, 3.16 μm, and also highest relative
volume of the pores, 57.75 cc/g, compared to blank and
unmasked pellets. High pore volume and average pore
diameter promote rapid water uptake and water chan-
nel formation in pellets, resulting into fast disintegra-
tion of melt-in-mouth atomoxetine hydrochloride pellets
(26).

Moisture Uptake Behaviour of Optimized Melt-in-Mouth Pellet

Moisture uptake behaviour, as visualised at various
time intervals (15 s) under light microscope, is shown in
Fig. 7a–d. Melt-in-mouth pellet has a highly porous struc-
ture (Fig. 7a), and hence, it becomes imperative to study
moisture uptake behaviour. The formation of aqueous
channel in the pellets was observed as the pellet came in
contact of water (<1 min). In Fig. 7b, aqueous channels
formation initiated within few seconds eventually leading
to the disintegration of the pellet matrix in <1 min
(Fig. 7c, d). The visual observations under the microscope
have suggested that rapid disintegration of melt-in-mouth
pellet occurred within few seconds and was initiated rap-
idly upon exposure to aqueous environment probably due
to aqueous channel formation.

Surface Characterization (SEM) of Optimized Melt-in-Mouth
Pellet

Further, to investigate the porous nature of melt-in-
mouth pellets, surface and cross-sectional characterization
were carried out using SEM. Figure 8a, b clearly shows
that the melt-in-mouth pellets do not exhibit smooth sur-
face. Pores are clearly visible on the surface of pellets,
which are possibly responsible for quick water uptake
followed by subsequent disintegration of pellets by creat-
ing channelling effect. Cross-sectional view of melt-in-
mouth pellet also confirmed highly porous internal struc-
ture (Fig. 8c). This porous structure of melt-in-mouth
pellets provided an added advantage in rapid disintegra-
tion along with the presence of superdisintegrants within
pellet matrix (Fig. 8).

Drug Release Study of Melt-in-Mouth Atomoxetine
Hydrochloride Pellets

Melt-in-mouth pellets released more than 95% of drug
within 5 min in both dissolution media, viz. 0.1 N HCl and PBS
(pH 6.8), exhibiting an immediate drug release pattern (28).
Fast disintegration of pellets and high solubility of drug can be
attributed in the prompt dissolution (Fig. 9).

Sensory Evaluation for Taste Masking and In Vivo
Disintegration Time of the Optimized Melt-in-Mouth Pellets
of Atomoxetine Hydrochloride

The volunteers were asked to evaluate the taste-masked
formulation as well as non-taste-masked formulations for their
taste attribute and in vivo disintegration time, as per approved
protocol. Forty percent of the volunteers ranked the taste-
masked formulation as slightly bitter, while 60% of the volun-
teers ranked it no taste (Table VII). On the other hand, 70% of
the volunteer’s ranked non-taste-masked formulation as very

Fig. 9. Drug release from melt-in-mouth pellets of atomoxetine hy-
drochloride in USP apparatus III (n=6)

Table VII. Sensory Evaluation of Taste Masking and Disintegration
Time of Pellets in Healthy Human Volunteers

Subject
ID

Treatment A
(non-taste masked)
(taste score)a (DT

time, min)b

Treatment B
(taste masked)
(taste score)a

(DT time, min)b

01 (+), (>1) (+), (<1)
02 (++), (<1) (−), (<1)
03 (++), (<1) (+), (<1)
04 (++), (<1) (−), (<1)
05 (+), (<1) (−), (<1)
06 (++), (<1) (−), (>1)
07 (++), (<1) (−), (<1)
08 (++), (<1) (−), (<1)
09 (+), (<1) (+), (<1)
10 (++), (>1) (+), (<1)

a Score: (-) Not bitter, (+) slightly bitter, (++) very bitter, (+++)
extremely bitter
bDisintegration time: less than 1 min (<1), more than 1 min (>1)
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bitter and 30% ranked it as slightly bitter. All the volunteers
ranked taste-masked formulation to have better taste as com-
pared to non-taste-masked formulation (p<0.05). The volun-
teers were also asked to record their perception for
disintegration time of same pellets into their mouth
(Table VII). All the volunteers reported that pellets
disintegrated within 1 min, in the oral cavity, irrespective of
taste-masked or non-taste-masked pellets.

The optimized melt-in-mouth pellets are basically meant
for the rapid drug release and immediate availability of drug
in the oral cavity for rapid absorption. Also, taste-masked
melt-in-mouth formulation will avoid the reflex action (unlike
other solid oral dosage forms which eventually might triggers
vomiting) in paediatrics (29–31).

CONCLUSION

The atomoxetine hydrochloridemelt-in-mouth pellets were
prepared using extrusion-spheronization method and optimized
using 33 FFD. Most of pellets prepared with MCC using
extrusion-spheronization method show a tendency to have a
prolong drug release due to a lack of disintegration of pellets.
However, the optimized spherical melt-in mouth Atomoxetine
pellets, prepared usingmannitol, Indion 414, Pharmaburst along
with MCC, were conveniently administered in volunteers and
disintegrated rapidly ( <1 min), both in vitro as well as in vivo.
Melt-in-mouth pellets can be utilized as a simple and useful
technology for drug administration to paediatric patients, con-
veniently and accurately with patient compliance. Melt-in-
mouth pellets will truly revolutionize the posology since dose
can be easily adjusted by measuring a specific amount/number
(each individual unit contains an estimated amount of drug) of
the multi-particulates, depending on the patient’s body weight.
Apart from the dosing flexibility, melt-in-mouth pellets offers
several advantages like; sprinkled on food, mixed with fluids or
directly swallowed, improving patient compliance, disintegrate
quickly in the oral cavity.

Importantly, the melt-in-mouth pellet dosage forms will
also be well suited to be manufactured in several different
sized dosage forms with minimal changes in set up of equip-
ment, which will be an economically viable option for the
pharmaceutical industries. A melt-in-mouth pellet seems to
be a potential platform technology for pediatric population.
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