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ABSTRACT

Objective: The aim of the present research work was to optimize the process of
Methylphenidate Hydrochloride (HCI) Extended releasse (ER) pellets based on Quality by
Design (QbD) principles. Materials and methods: Wurster (Bottom spray fluid bed coating)
process was employed to develop ER pellets of Methylphenidate HCI. Impact of various
process variables on drug layering process was assessed by using statistical interpretation
such as ANOVA. A face centered central composite design (CCD) was employed to
study the effect of independent variables (product temperature, atomization air pressure,
fluidization air volume, and spray rate) on dependent variables (Fines, agglomerates,
coating efficiency and assay). Fabricated pellets were characterized for various physico-
chemical parameters and stability studies. Results: Optimization was done by fitting
experimental results to the software program (Design expert). The design space for
process parameters and its influence on %fines, % agglomerates, coating efficiency and
assay was developed. From the obtained results, 40°C + 2°C as product temperature,
0.8-1.0 kg/cm? as atomization air pressure, 45-60 CFM as fluidization air volume and 2-6
g/min as spray rate were selected as the operating ranges for robust coating process,
desired yield and quality of the product. The drug release from the optimized formulation
followed first order kinetics and fickian diffusion process. There is no significant change
observed during stability. Conclusion: It was concluded that the face centered central
composite design facilitated the process optimization of Methylphenidate HCI ER pellets.
The Methylphenidate HCI ER pellets were successfully developed by employing bottom
spray fluid bed coating (Wurster) technique.
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affect the fluid bed process or the pellet quality in a
significant manner.*

Quality by design (QbD) is a holistic and proactive
approach to support the pharmaceutical development
in a more scientific, risk based manner, by restricting the
flexibility in the manufacturing process to ensure prede-
termined product specifications. It helps to assess the
critical material attributes (CMAs) and critical process
parameters (CPPs) that impacting the predefined critical
quality attributes (CQAs).”

Response surface methodology (RSM) is one of the
popular methods in the development and optimization
of drug delivery systems. Central composite design
(CCD), three level factorial design, Box Behnken design
and D-optimal design are the different types of RSM
designs available for statistical optimization of the
formulations. Face centred central composite design
provide relatively high quality predictions over the entire
design space and do not require using points outside the
original factor range.®

Batch size should be kept within the recommended
occupancy to obtain batch to batch uniformity. The air
distribution plate was selected based on particle size and
density of the material used. Appropriate air distribution
plate has to be selected to get consistent fluidization at
minimum attrition. The height of the column changed
on the basis of particle properties such as size, shape
and density. Appropriate adjustment of the partition
gap ensures proper substrate circulation through the
spray zone and drying zone. The droplet size would be
controlled by the nozzle diameter used. Hence, it is
necessary to select the proper nozzle diameter to get
more consistent and uniform spray.

Filter bag is used to prevent loss of material and to allow
the air to pass through. A filter bag is selected based on
the particle size of the core. Coating solution or suspen-
sion should have enough solid content to easy spraying,
If the viscosity of coating liquid is more, it will affect the
droplet size and leads to change in the pellet surface. Dew
point indicates the amount of moisture in the air. The
change in dew point of air changes the evaporating
efficiency of the air. To eliminate static charge and process
variability, required absolute humidity should be main-
tained. Drying process is a removal of water or volatile
solvent from solution or suspension. Drying/ curing
time and temperature would be selected based on solvent
used and material to be coated.

Control of the inlet air temperature is important param-
eter as it affects the quality of coats formed. High tem-
perature leads to spray drying and low temperature leads
to agglomeration. Fluidization air volume is responsible
for circulation and drying of substances during coating;
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Insufficient air flow may not provide sufficient drying
air and consequently results in agglomeration. However,
excessively high air flow rates can increase the attrition,
leads to friable cores or stress cracks on coats and
augment the spray drying effect.

Spray rate depends on the size of the core particles
as well as the solution properties. Spray rate has to be
adjusted according to the drying efficiency and tackiness
of the solution. High spray rates increase the propensity
for agglomeration and results in non-uniform cores.
Low spray rates also enable smaller spray droplets to
be formed which would increase the coat uniformity,
reduce agglomeration.

Atomization air pressure controls the droplet size and
thereby influences the spray pattern. High atomization air
pressure result in smaller spray droplets and are required
to prevent agglomeration , however high atomization
air pressures also increases the attrition of cores and
can produce more fines. On the other hand, low atom-
izing air pressure leads to formation of coarser droplets,
which dry slowly and result in agglomeration.*’
Methylphenidate HCI is used to treat attention deficit
hyperactivity disorder. The short biological half-life and
multiple dosing regimen of Methylphenidate HCI are
appropriate properties to develop extended release
formulation, which provides a longer duration of effect
after a single dose. Research done on osmotic tablets
of Methylphenidate HCl and Controlled release pellets
by conventional coating pan.*” Hence, the present
investigation aimed to fabricate a Methylphenidate HC]
extended release (ER) pellets employing Waurster
process. There are no reported studies available as present
investigation. Impact of the formulation variables were
statistically interpreted and significant formulation
variables were optimized employing factorial design
in our eatlier investigation."” Preliminary studies were
carried out to freeze the process parameters which do
not have any impact on product quality, such as batch
size, air distribution plate, column height, spray nozzle
diameter, filter bags, dew point and drying time. However,
Product temperature, atomization air pressure fluidization
air volume and spray rate are found as critical process
parameters.

MATERIALS AND METHODS

MATERIALS

Methylphenidate HCl was obtained from RA CHEM
Pharma Ltd., Hyderabad as gift sample, Sugar spheres
(Arun pharma), Hypromellose (Dow chemical’),
Povidone (BASF), Talc (Luzenac), Eudragit RSPO
(Evonik), Eudragit L. 30 D55 (Evonik), Triethyl citrate
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(Merck), Isopropyl alcohol (Avantor), Purified water
and empty hard gelatin capsule shells size 1 (ACG) were
used as received.

METHODS

Preparation of Methylphenidate HCI Extended
Release (ER) Pellets by Wurster process:

Methylphenidate HClI ER Pellets were prepared by
employing bottom — spray fluid bed (Wuster) coating
process (Glatt GPCG 1.1). The dosage form was
designed to obtain the biphasic release profile from
single population of pellets comprisfing immediate
release and extended release portions. Dose was distrib-
uted among the two portions equally, i.e. 50% as imme-
diate release portion and second part as extended release
portion.

Drug loaded pellets were prepared by spraying the
aqueous drug dispersion over non pariel seeds (Sugar
spheres (20#- 25# ASTM)) employing wurster process
(Bottom spray fluid bed coating technology). Further,
Hypromellose dispersion was coated on to the drug
loaded pellets. Hydro alcoholic (IPA : Water 80:20)
Eudragit RSPO dispersion was coated over the seal
coated pellets using Wurster process. Further, the
Eudragit L. 30 D 55 dispersion was coated on to the ER
coated pellets. Finally, immediate release portion (50%)
of drug dispersion was coated over the enteric coated
pellets. IR drug loaded pellets were sifted through #16-
#20 ASTM mesh to separate the fines and agglomerates
and collect the desired portion. The composition of the
optimized formula described in Table 1.

Experimental Design

In preliminary trials, the process parameters were eval-
uated for their significance on pellet quality. Finally,
Product temperature, atomization air pressure, fluidization
air volume and spray rate are found as critical process
parameters.

The Face centred central composite design was used
to evaluate the effect of critical process parameters
on responses/dependent variables (%o Fines (Y), %
Agglomerates (Y,), Coating efficiency (Y,) and Assay
(Y,)) of Methylphenidate HCI ER pellets drug layering
process. A four factor, three level design is used for
exploring quadratic response surfaces and constructing
second order polynomial models with Design Expert
(Stat-Ease).

Analysis of variance (ANOVA) is inevitably linked to
experimental design, which was used to analyse signifi-
cance of the model and each selected response. It was
also generate polynomial equations. The response (Y)
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in each trial was estimated by carrying out a multiple
factorial regression analysis using the generalized quadratic
model:

Y, = b, + bX+ bX+ bX, + bX, + bXX, +

1 5

b, X, X, +b. XX, + bX X, + b,X>+ b X+ b X2 +

62773
b12X42
Where Y is the measured response associated with each
factor level combination; b is an intercept; b, and b,
are regression coefficients computed from the observed
experimental values of Y ; and X, X, X and X are the
coded levels of independent variables, X, X, X, X, X,
X, and X, X, are the interaction terms and the polyno-
mial terms (X%, X %, X,? and X’) are used to assess the
non-linearity.
After fitting the response data in experimental design
as in Table 2, the experimental results were analysed by
ANOVA. It demonstrated the various statistical param-
eters such as b coefficients, F values, p values of model
terms and Correlation coefficient (R?) values. The
suitability of model was authenticated by the predicted
and adjusted R*values''.

Optimization of Drug layering process

The independent variables in drug layering process were
product temperature, atomization air pressure, and flu-
idization air volume and spray rate. These process vatiables
were studied at three levels (-1, 0, +1), the +1 and -1
levels were selected based on preliminary experiments
and product characteristics. Product temperature was
selected based on the solvent used for coating solution
preparation, atomization air pressure and fluidization air
volume were adjusted based on the core size, and spray
rate was selected on the process efficiency. Percentage
of fines (Y ), percentage of agglomerates (Y,), coating
efficiency (Y,) and assay (Y,) were selected as responses.
The impact of each selected process parameter on
responses were studied and optimized individually.

Evaluation of Methylphenidate HCI ER Pellets

% fines, % agglomerates and coating efficiency were
determined using following formulae

% Fines = (Weight of passess (g)/ Total weight of
pellets (g)) X 100

% Agglomerates = (Weight of retains (g)/ Total weight
of pellets (g)) X 100
Coating efficiency (Yow/w)
gain/ Theoretical percent weight gain) X 100

= (Actual percent weight

Micromeritic properties®?

Bulk density (BD), tapped density (TD) and Hausner
ratio (HR) of pellets were determined. BD and TD were
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Table 1: Composition of the Methylphenidate HCI ER Pellets.

S.no. Ingredient mg/capsule
| Core
1 Sugar Spheres (#20-#25) 150.25
Il Drug Loading
2 Methylphenidate HCI 20.00
3 Povidone 3.64
4 Hypromellose (Pharma coat 606) 7.27
5 Polyethylene glycol 6000 1.09
6 Talc 1.82
7 Purified water Q.S
] Seal Coating
8 Hypromellose (Pharma coat 606) 18.18
9 Polyethylene glycol 6000 1.82
10 Talc 1.82
11 Purified Water Q.s
[\ Extended Release Coating
12 Ammonio Methacrylate Copolymer Type B (Eudragit RSPO) 12.73
13 Triethyl citrate 2.55
14 Talc 3.20
15 Isopropyl alcohol Q.S
16 Purified Water Q.S
\% Enteric Coating
17 Methacrylic Acid- Ethyl Acrylate Copolymer (1:1) Dispersion 30% (Eudragit L 30 D-55) 72.73
18 Triethylcitrate 14.55
19 Talc 18.18
20 Purified Water Q.S
VI Drug Loading
21 Methylphenidate HCI 20.00
22 Povidone 3.64
23 Hypromellose (Pharma coat 606) 7.27
24 Polyethylene glycol 6000 1.09
25 Talc 1.82
26 Purified Water Q.S.
TOTAL 363.63

Table 2: Variables in Face centred central composite design.

Levels used, actual (coded)

Factor
Low(-1) Medium(0) High(+1)
Product temperature (°C) (A) 30 40 50
Atomization air pressure (kg/cm?) (B) 0.8 1.0 1.2
Fluidization air volume (CFM) (C) 30 50 70
Spray rate (g/min) (D) 1 4 7

Dependant variables

Constraints

Y, =% Fines

Not more than 2%w/w

Y,= % Agglomerates

Not more than 2%w/w

Y= Coating efficiency (Yow/w)

Not less than 95%w/w

Y = Assay (%w/w)

95 %w/w to 105%w/w
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determined by USP method I using a Tapped density
tester.

Bulk density = Weight of the sample (g)/ Untapped
volume (ml)

Tapped density = Weight of the sample (g)/ Tapped
volume (ml)

Hausner ratio were calculated using following formulae
Hausner ratio = TD / BD

Where, TD and BD are tapped and bulk densities.

Assay®®

Methylphenidate HCl ER Pellets equivalent to 20mg
of Methylphenidate HCI were transferred into 100mL
volumetric flask. Diluent ((Methanol: Acetonitrile: pH
4.0 Sodium acetate buffer at a ratio of 4:3:3) was added
to the flask and allowed for sonication about 15 Min.
Made up the volume with diluent. Transferred 10mL
of this solution to 20mL volumetric flask and made
the volume up to the mark. The solution was filtered
through 0.45u nylon membrane filter. The following
chromatographic conditions (isocratic) were employed
for analysis.
Column Kromosil 60, CN 250 mm X 4.6

mm, 5um or its equivalent

Injection volume :  50uL

Flow rate 1.5ml./min
Detector UV, 210nm
Run time 10 Min

In vitro drug release studies*

The Methylphenidate HCI ER pellets equivalent to 40mg
Methylphenidate HCI were accurately filled into size 1
hard gelatin capsules and evaluated for 7z witro drug
release studies, which were performed using USP Type
I dissolution test apparatus. The volume of the dissolution
medium was 500ml with a stirring speed of 75 rpm, and
the temperature was maintained at 37°C+0.5°C. These
conditions were kept constant for all dissolution studies.
The study was carried outin 0.01N HCI for 2 h followed
by pH 6.8 Phosphate buffer at 1, 2, 3,4, 6 and 8 h. 10ml
of sample was withdrawn periodically and replaced with
equal volume of fresh dissolution medium. The collected
samples were filtered through 0.45u nylon membrane
filter and analyzed to assess the % drug dissolved by
employing same chromatographic conditions as that of
assay.

Drug release kinetics'®

The drug release kinetics and mechanism from the
formulations were studied by fitting the data obtained
from the 7n vitro release study into several mathematical
equations.

$552

Stability studies?®

The optimized formulation of Methylphenidate HCI]
ER pellets were filled into hard gelatin capsules and
subjected for stability studies according to international
conference of harmonization (ICH) guidelines at an
accelerated (40°C/75%RH) and long term (25°C/60%RH)
stability conditions.

RESULTS AND DISCUSSION
Preparation of pellets

Methylphenidate HCI ER pellets was prepared by
employing wurster process. The impact of process
variables on pellet quality such as % Fines, % Agglom-
erates, Coating efficiency and Assay in preliminary trials.
From the obtained results, batch size (30% occupancy),
air distribution plate (‘C’ Plate), spray nozzle diameter
(1.0mm), filter bag (Bonnet bag 200w), drying time (until
reaches the product temperature) were selected.
Product temperature (A), atomization air pressure (B),
fluidization air volume (C) and spray rate (D) were iden-
tified as high risk variables, have a potential impact on
pellet quality (% Fines, % agglomerates, coating efficiency
and assay). Hence these factors were studied by a four
factor, three level face centered central composite
experimental design, individually.

Data analysis and model validation
Fitting of data to the model

Four factors with three levels face centred central com-
posite experimental design require 19 experiments, the
independent variables and responses for all experimental
runs are given in Table 3. Models of vatious responses
were obtained using Design Expert (Stat-Ease). The
ANOVA results of each response was represented in
Table 4. Values of probability p < 0.05 represent signifi-
cant model terms. The regression equations carry factors
along with coefficients (positive/ negative) which quantify
response values. A positive sign of coefficient indicates
synergistic effects; whereas negative sign represents an
antagonistic effect. After elimination of non-significant
(p > 0.05) coefficients from the obtained results, following
correlations for response variables were obtained:

Y, =25.64534-0.70964*A-0.23032* C + 0.00156 * AC +
0.12188 * BC-1.02083 * BD-0.00896 * CD + 0.00545 *
A%+ 0.001113 * C?

Y, = 12.95238-0.10703 * A-0.089427 * C-0.88976 *
D-0.6500* AB-0.017500 * AD-0.23750 * BC +0.012917
* CD + 0.00965 * A2+ 24.12602 * B> + 0.00279 * C* +
0.17945 * D?

Y, = 18.79475 + 1.36250%AB -76.43293 B%-0.37304 D?
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Table 3: Observed responses in Face centered central composite design for Methylphenidate HCI ER pellets

drug loading process.

Independent Variables Dependent Variables/Responses
terii;oe(::fljre :itrog?lezseg::z I?/I(l)Jllljj rlrfztégrl‘il\jl)r (SgF/)rr11ai)r/1)r?|t:)e) Fi”es(éo/)OW/W) Agg(!;avrc/(\a/\r/;ates e?f?cizlqu Assa)(/Y(O)A)w/W)
(0 () (kglem?) (B) © § (Y, (Yowhw) (Y,) *
50 1.2 30 1 15 45 90.1 90.7
50 0.8 30 7 2.2 4.5 87.9 88.4
40 1.0 70 4 11 0.8 97.0 97.2
50 0.8 70 7 21 7.1 88.8 89.0
30 0.8 30 1 0.1 2.9 88.4 88.7
30 0.8 70 1 0.9 2.8 89.7 90.0
50 1.2 70 1 5.5 0.2 89.0 90.4
40 1.0 50 4 0.2 0.1 98.9 99.7
50 1.0 50 4 1.4 0.2 96.4 96.9
40 1.0 50 7 0.7 25 96.4 96.9
30 1.2 70 7 1.0 7.6 87.0 87.8
40 1.0 50 4 0.3 0.1 99.6 101.1
30 1.0 50 4 0.4 1.8 96.2 97.4
40 1.0 50 1 0.3 0.8 92.9 94.5
40 0.8 50 4 0.2 11 96.1 96.4
40 1.0 50 4 0.4 0.3 99.1 100.0
40 1.0 30 4 0.5 1.5 94.9 95.7
30 1.2 30 7 0.4 8.4 85.7 86.0
40 1.2 50 4 1.0 0.9 93.8 94.5

Table 4: Summary of ANOVA results - Fines, Agglomerates, Coating efficiency and Assay.

Fines (Y1 (%w/w))
Model 14 27.51 1.96 33.15 0.0020 0.9915

Lack of Fit 2 0.22 0.11 10.86

Agglomerates (Y2 (%w/w))

Model 14 128.87 9.21 548.11 <0.0001 0.9995

Lack of Fit 2 0.041 0.020 1.52

Coating efficiency (Y3 (%w/w))

Model 14 363.77 25.98 23.62 0.0038 0.9880

Lack of Fit 2 4.14 2.07 15.92
Assay (Y4 (%w/w))

Model 14 386.26 27.59 18.43 0.0061 0.9847

Lack of Fit 2 4.90 2.45 4.51

ANOVA: Analysis of variance; df: Degrees of Freedom; SS: Sum of squares; MS:Mean sum of squares; *p<o.o5 considered as significant.
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Y, = 1.67142-84.38008*B*-0.005938*C?-0.34724*D"

All the responses observed for vatious formulations
were fitted simultaneously to first order, second order
and quadratic models using Design expert. All the
responses were found to follow quadratic model. From
the obtained ANOVA results Table 4, terms AC, BC,
A? and C? have positive impact on Y,,whereas A, C, BD
and CD have a negative impact on Y . Terms CD, A%
B?,C* and D? shown a positive impact on Y,, whereas
A, C, D, AD and BC have a negative impact on Y,. AB
shown a positive impact on Y,, whereas B> and D*have
a negative impact on Y,. B?, C* and D?shown a negative
impacton Y,.

Contour and three dimensional response surface
plot analysis

The design expert software (Stat-Ease) generated the
contour and three dimensional surface plots are presented
in Figure 1, 2, 3, 4, which are very useful to study the
interaction effects of the factors on responses. This
type of the plot visualizes the effects of two factors on
the response at a time. In all the cases, the responses
exhibited a nonlinear relationship with factors Y, Y,
Y,and Y,

The % fines were increased with increase in product
temperature and fluidization air volume beyond 48°C
and 60 CEFM respectively. The % agglomerates were
increased with decrease in product temperature and
fluidization air volume less than 35°C and 40 CFM
respectively, increase in spray rate beyond 6g/min. The
coating efficiency was decreased with increase in atomi-
zation air pressure, product temperature, fluidization air
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Figure 1: Contour plots (A, C) and response surface plots
(B, D) showing the impact of factors (Product temperature,
Atomization air pressure, Fluidization air volume and Spray

rate) on percentage of fines.
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Figure 2: Contour plots (A, C) and response surface plots
(B, D) showing the impact of factors (Product temperature,
Atomization air pressure, Fluidization air volume and Spray
rate) on percentage of agglomerates.
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Figure 3: Contour plots (A, C) and response surface plots
(B, D) showing the impact of factors (Product temperature,
Atomization air pressure, Fluidization air volume and Spray

rate) on coating efficiency.
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volume greater than 1.1kg/cm?, 48°C, 60 CFM respec-
tively, spray rate less than 1 g/min and fluidization air
volume less than 40 CFM. Assay was decreased with
increase in product temperature, atomization air pres-
sure beyond 48°C and 60 CFM respectively. Assay was
decreased with decrease in spray rate and fluidization
air volume less than 2 g/min and 40 CFM respectively.

The % fines, % agglomerates, coating efficiency and
assay from all the batches, ranges from 0.2-5.5%w/w,
0.1 — 8.4%w/w, 85.7 — 99.6%w/w and 86 — 101.1
Yow/w tespectively.

Among the studied range, the product temperature of
40°C £ 2°C was selected as an optimum, where the high
temperature leads to fines generation and poor coating
efficiency as well as low temperature results in agglom-
erates formation due to poor evaporation efficiency.
Atomization air pressure of 0.8 -1.0 kg/cm? was selected
as appropriate, owing to the generation of fine mist at
high atomization air pressure leads to spray drying and
poor coating efficiency. Fluidization air volume of
45 - 60 CFM was selected as suitable air volume to maintain
consistent coating and drying cycles. Spray rate of 2-6
g/min was selected as an optimum, due to high spray
rates results in agglomerates formation
spray rates results in poor coating efficiency Figure 5.
The results obtained from the formulation executed
with optimized formulation and process variables were
% fines - 0.4%w/w, % agglomerates -0.3%w/w, coating
efficiency- 99.1%w/w and assay -100.2%w/w.

Same process parameters were adopted for both
extended release (ER) coating and enteric coating
process, except product temperatute. 36°C + 2°C and
30°C + 2°C wetre selected as product temperature for

and too low

ER coating and enteric coating processes respectively,
as recommended by excipient manufacturer.
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Evaluation of pellets
Micromeretic properties

The bulk and tapped density of batches ranges from
0.64 -0.67 g/cc and 0.72-0.80 g/cc respectively. The
Hausnert’s ratio values (1.046 -1.075) indicated excellent
flow properties according to USP limits. Excellent flow
properties of the pellets facilitate the fill weight unifor-
mity while capsule filling process.

Assay

The assay of the all formulations was tested and results
were found in the range of 86.0-101.1%w/w. Assay of
the optimized formulation was observed to be 100.2%.

In vitro drug release studies

Drug release from the optimized formulation was well
within the predetermined specifications Figure 6.

Drug release kinetics

The dissolution data of optimized formulation fitted
into kinetic models, the obtained results concluded that
the drug release followed the first order kinetics as t*
values were higher for first order model (0.962) than
zero order model (0.768). The n value is less than 0.45
(0.261); hence the mechanism of drug release was fickian
diffusion.

Stability studies

The optimized formulation was subjected for stability
studies both at an accelerated (40°C/75%RH) and long
term (25°C/60%RH) stability conditions. Results shown
that there was no significant change in description,
assay, and 7 vitro drug release at 40°Ct 2°C, 75%RH
and 25°Cz 2°C, 60% RH till 6 months Table 5 and 6.
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Table 5: Stability results of optimized formulation at Accelerated (40°C+ 2°C and

75%RH) storage conditions.

E—— Testing Frequency

Initial | 1 Month | 2 Month 3 Month | 6 Month
Description White to off-white spherical pellets filled in white opaque capsule
Moisture content 2.54 2.25 2.17 2.19 1.99
Assay 100.2 99.9 99.7 99.3 99.1

Dissolution

2 49.2+1.3 49.6+1.5 49.4+1.9 49.5+ 2.1 49.1+1.8

4 72.8+0.9 72.3+1.1 722+1.6 71.7+1.8 71.2+15

6 82.5 +0.8 83.4+0.9 84.1+0.8 83.9+1.1 83.6 1.1

8 93.3 £0.9 94.2+0.5 93.5 +0.9 93.1+0.7 92.1 +0.6

Table 6: Stability results of optimized formulation at real time (25°C+ 2°C and

60%RH) storage conditions.

ENU Testing Frequency
Initial | 3Month 6 Month
Description White to off-white spherical pellets filled in white opaque capsule
Moisture content 2.54 241 2.34
Assay 100.2 99.8 99.4
2 49.2+1.3 49.1+1.7 49.2+1.9
4 72.8+0.9 72411 71814
6 82.5+0.8 83.1+0.5 83.6 £1.1
8 93.3 0.9 93.4 £0.7 93.1 +0.4

CONCLUSION

Methylphenidate HCl ER pellets generating a biphasic
release profile from single core were successfully fabricated
by fluid bed coating technology.Impact of various
process variables on drug layering process was assessed
by using response surface methodology. This investigation
revealed that independent variables had a significant
impact on the measured responses. The quantitative
effect of these factors at different levels on responses
could be predicted by polynomial equations. Linearity
observed between the actual and predicted values of the
response variables indicated that analytical ability of the
selected design. From the obtained results, 40°C £ 2°C
as product temperature, 0.8 -1.0 kg/cm?*as atomization
air pressure, 45-60 CFM as fluidization air volume and
2-6 g/min as spray rate were sclected as the operating
ranges for robust coating process, desired yield and
quality of the product. The optimized batch showed
100.2% assay and drug release was well within the
predetermined specifications (Similarity factor (F2)
value - 68). Micrometric properties of these pellets
exhibited excellent flow properties, which are crucial to
attain the uniformity of dosage units in capsule filling.
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The optimized formulation can be used as an alternative
to the marketed formulation. Hence, the applicability of
response surface methodology to optimize the process
variables in the fabrication of Methylphenidate HCl ER
pellets is apt enough.
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e The Methylphenidate HCI ER pellets were

successfully prepared by
process

e |mpact of various process variables (product
temperature, atomization air pressure, fluidization
air volume, and spray rate) was assessed by using
central composite design

e The process parameters, 40°C + 2°C as product
temperature, 0.8-1.0 kg/cm2 as atomization air
pressure, 45-60 CFM as fluidization air volume
and 2-6 g/min as spray rate were selected as
the operating ranges for robust coating process,
desired yield and quality of the product.
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