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ABSTRACT

A non-steroidal anti-inflammatory drug called Zaltoprofen has a remarkable impact on
persistent post-surgical or post-traumatic inflammation. Zaltoprofen is taken three times a
day in doses of 80 mg and has a shorter half-life. Zaltoprofen pellets with a sustained release
have been created with the aim to get the maximum drug release possible for this study. The
sustained release polymer HPMC K4M, HPMC K15M and HPMC K100M were taken at
different concentrations (2.5%, 5% and 7.5%) for the preliminary trial from which HPMC
K100M at 7.5% had shown enhanced release. The initial studies on the compatibility of
drugs and excipients using FTIR and DSC revealed no interaction between the two. Pellets
were prepared by Extrusion-Spheronization technique and evaluated for Bulk density,
Tapped Density, Friability, Drug Content, Particle Size, % Yield of pellets, Scanning electron
microscopy, and in-vitro Drug release. Controlled drug release for up to 12 hours was
accomplished using the Box-Behnken design. HPMC K100M concentration (X,), MCC
concentration (X,), and Spheronization speed (X,) were chosen as independent factors, and
the t,,, (Y,) and t,,, (Y,) were chosen as dependent variables. An in-vitro drug release study
revealed that % CDR decreased as the amount of polymer increased. To visualize the impact
of X, and X,, X, and X, and X, and X, on the %CDR, contour plots and response surface



plots were created. At the concentration of
independent variables X, (77.5%), X,
(7.5%), and X, (1750 rpm), an optimal
response was estimated. Different kinds of
release pharmacokinetic models were used
to assess the optimized batch Z13.
According to ICH regulations, the
optimized batch was stored for a month for
a stability study at 40°C £ 2°C and 75% +
5% RH, and it was found to be stable at the
end of the study.

Keywords: Sustained release pellet,
Zaltoprofen, MCC, HPMC K100 M,

Spheronization speed, Box-Behnken
design.
INTRODUCTION

Wide-scale research has been performed
with a modified drug delivery system over
the last decade. There are several benefits
of modified release systems, such as better
patient acceptance and consistent blood
medication levels, which lead to greater
potency and decreased side effects.
Historically, a range of industries have
used the term “pellets” to denote a range of
agglomerates made from different source
ingredients. The term pellets refer to
spherical/semi-spherical,  free-flowing
solid units with a limited size distribution,
with a diameter ranging from 500 and
1500 m, for wuse in pharmaceutical
applications.[1, 2, 3, 4]

The general term “granulation” and
“pelletization” shall be used
synonymously, the units obtained shall be
known as granules, pellets, or
agglomerates without making any specific
distinction between them. “Pelletization” is
also referred to as a size enlargement
procedure involving the production of
pellets with a mean size of 0.5 to 1.5 mm.
The term “spheronization” refers to the
formulation of spherical units by special
procedure, which
spheronization stage where extrudates are

rounded as they tumble onto a spinning

involves a

frictional base layer. [5, 6, 7]

Multiparticles get released into the
gastrointestinal tract when multiple-unit
systems are ingested orally, and they are
less dependent on gastric emptying than
single-unit systems. They can get through
the pyloric sphincter because of their small
size. This reduces the variance in
gastrointestinal transit time within and
between subjects. Additionally, due to their
small size, they are simpler to distribute
evenly down the digestive tract, boosting
absorption and minimising the irritating
effects that single-unit systems may have
on the mucosal lining, especially if they
have been lodged at a particular spot for an
extended period of time. [8-12]
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Figure 1: Schematic Representation of Pellets into Capsules and Compressed into Tablets

MATERIALS AND METHODS
Materials

Zaltoprofen was obtained from ZCL
Chemicals Ltd. HPMC K4 M, HPMC K15
M, and HPMC K100 M was obtained from
Colorcon Asia Pvt. Ltd. Micro Crystalline
Cellulose was obtained from Chemco Fine
Chemicals. Poly Vinyl Pyrrolidone K-30
was obtained from Nosch Labs Pvt. Ltd.

Study of the Drug-Excipient
Compatibility using FTIR

Using an FT-IR spectrometer, the Fourier-
transform infrared spectra were acquired.
Zaltoprofen and other excipients were
combined in a 1:1 ratio with KBr, an
infrared transparent matrix. The powder
was compressed in a hydraulic press for 5
minutes at a pressure of 5 tonnes to create
the KBr discs. Zaltoprofen with excipients’
spectra have been recorded between 400 to
4000 cm™,

Box-Behnken Design [13, 14, 15, 16]

Pellets were developed using a Box-
Behnken statistical design with three
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factors and three levels. Constructing
second-order polynomial models and
studying the quadratic response surface are
both possible with this design. Various
dependent and independent variables along
with their actual and coded levels used in
this study are given in Table 1. A design
matrix comprising 15 experimental runs
was constructed. A multidimensional
cube’s midpoints and duplicated centre
points are used to define the region of
interest. The nonlinear quadratic model
that the design produced takes the
following form:

Y = B0+ BIXI + BZXZ + B3X3 + BIZXIXZ +
B13X1X3 + BZSXZXS + ﬁlle + BZZXZ + B33X2 +
E

In which Y represents each factor level
combination’s measure response. f, is
constant, B,-B,, linear coefficients, B, B,
and B,;, which are computed from the
observed experimental value of Y from the
experimental runs, and X, X,, and X, are
the coded levels of independent variables.
The interaction effect is denoted by the
terms X, X, (i= 1, 2 and 3), whereas the
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curvature effects are denoted by the terms
X/, X,» and X,. Table 1 displays the
concentration range of the independent
variables under research, along with their
low and high levels, which were chosen
the earlier

based on findings of

experiments.

The amount of microcrystalline cellulose
(%) (X)), amount of HPMC K100 M (%)
(X,) and Spheronization speed (rpm) (X;)
used to prepare the 15 formulations and

respective observed responses were given
in Table 1, 2 and 3.

Table 1: List of Dependent Variables and Independent Variables

14

Independent variables Dependent variables
X1 X2 X3 Y1 Y2
Amount of Amount of
. . . T % T %
Mlcrq HPMC K100 M Spheronization 50% 90%
Crystalline o Speed (hr) (hr)
0 (%)
Cellulose (%) (rpm)

Table 2: Selection of Levels for Independent Variables and Coding of Variable

Independent variables

Coded AmMo}mt of Amount of
Levels value Cryslt;li;)ine HPMC Spheronization
K100M
Cellulose (%) Speed (RPM)
Xl (%) X2
Low -1 70 5 1500
Intermediate 0 77.5 7.5 1750
High +1 &5 10 2000
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Table 3: Composition of Box-Behnken Design Batches BZ1 to BZ15

hﬂ?-;.i;mh BZ1 | BZ2 | BZ3 BZ4 | BZS | BZ6 | BZ7 | BZ8 | BZ9 | BZ10 | BZ11 | BZ12 | BZ13 | BZ14 | BZ1S
Zaltoprofen 10 10 10 1 10 L 10 10 10 Ly 10 10 10 10 10
Polyvinyl . - - -
Pyrrolidone 5 3 3 3 5 3 5 5 5 3 3 3 3 3 3
Micro
Crystalline | 83 0 | 85 ™ | 85 70 B TS| T8 |75 | 775 | 705 | 795 | 715
Cellulase
HPMC : 75 |75 | 75 | 1 75 | 7 75
K 100M 5 10 0|75 | 75| 75 1 5 5 10 10 7 5 7
Spheronization | . - - - . u N . - .
Speed (RPM) 1750 | 1750 l'.'I'SEI_J-.‘il:} l:\'I}I:I_J.‘il:}D 2000 | 2000 | 1500 [ 2000 ]500__["]0 ]-5[]_ 1750 ]-_'iﬂl.
Method  The prepared extrudates were then
spheronized for 15 minutes at a
Preparation of Zaltoprofen Pellets by mentioned in the table
Extrusion-Spheronization Technique[17,
18, 19] * Then, for two hours, the prepared
) pellets were dried below 60°C.
*  Except for the drug, all of the solid
powder components were weighed Evaluation Parameters of Pellets [20]
before being transferred to a clean
bowl and carefully mixed. The Bulk Density (BD)
previously m'en‘ﬁoned pgwder l?llelnd Weigh precisely 10 g of Pellets that have
was .gelometrl.cah};l combu.led V?t ha been put into a graduated cylinder after
gremse y weighed quantity ot the being passed through a 20# sieve. Without
rug. compacting, gently level the powder, then
«  Water was gradually added to the measure thé unsettled bulk Volurr.le. Use
above-mentioned powder mixture the f0110\.7v1n-g formula to determine the
until a wet mass with suitable bulk density in gm/ml:

plasticity was formed.

e Aradial piston-type extruder was then

used to extrude the previously
prepared wet material. The apertures
were 1 mm in diameter, and the screen
was 1 mm thick. Then, to obtain an
extrudate size of about 1 mm in
length, prepared extrudates were

manually cut with a small cutter.
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Bulk Density = Weight of Sample / Bulk
Volume

Tapped Density (TD)

Weigh precisely 10gm of pellets that have
been put into a 100ml graduated cylinder
after being formerly distributed through a
20# sieve. Then, using a mechanical
tapped density tester that gives a fixed
drop of 1442 mm at a nominal rate of 300
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drops per minute, mechanically tap the
cylinder containing the sample by lifting
the cylinder and letting it fall under its own
weight. Measure the tapped volume to the
nearest graduated units after tapping the
cylinder 500 times. Then, repeat the
tapping 750 times more, and calculate the
tapped volume to the nearest graduated
units. Use the following formula to
determine the tapped density in grammes
per millilitre:

Tapped Density = Weight of Sample/
Tapped Volume

Carr’s Index

Carr’s index is crucial in determining how
the granules will flow. It is closely related
to cohesiveness, particle size, and relative
flow property rate. It is an easy, quick, and
standard technique for estimating flow
characteristics (Table 4). The following
equation is used to represent Carr’s index:

Carr’s index (%) = [(TBD - LBD) x 100]/TBD
Table 4: Interpretation of Compressibility Index

Type of flow Carr’s index

Excellent <10

Good 11-15

Fair 16-20

Passable 21-25

Poor 26-31

Very poor 32-37
Very Very poor >38

Hausner’s Ratio Angle of Repose (0)

To predict the granules’ flowability,
Hausner’s ratio is used. This technique is
comparable to Carr’s index. An equation
that is used to illustrate Hausner’s ratio is
shown below.

Hausner’s Ratio = Tapped Density /
Bulk Density

It is defined as the largest angle that can be
made between the powder’s surface and
the horizontal. It employed a fixed funnel
technique. Graph paper was placed on a
flat, horizontal surface, and a funnel was
mounted above it with the tip at a specific
height (h). A funnel was used to carefully
pour the powder until the funnel’s tip just
touched the top of the conical pile (Table
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5). The following equation was then used
to get the angle of repose:

Angle of repose © = tan” (h/r)

Where,
h = height of the pile

r = radius of the pile

Table 5: Interpretation of Angle of Repose

Flow Property Angle of Repose (degrees)

Excellent 25-30

Good 31-35

Fair 3640

Passable 41-45

Poor 46-55

Very poor 5665

Very, very poor >66
Particle Size and Size Distribution Friability

It is possible to determine the size and size
distribution of the pellets by shaking a
sieve shaker for 10min using a series of
standard sieves. According to the Indian
Pharmacopoeia, the weight kept on each
sieve is used to calculate the standard sieve
aperture size.

Practical Yield (%)

The weight of dried pellets collected from
each batch and the total initial dry weight
of the raw material were used to calculate
the percentage of production yield (wt/wt).
The following is the
calculating % yield.

formula for

% Practical Yield = (Practical
value/Theoretical value)*100
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Friability was evaluated for 100 rotations
at 20 rpm using the Electrolab friability
instrument. 20 grammes of pellets for each
test. The increase in the percentage of
sampling weight attributable to pellet
fragments was used to determine friability.

Surface Morphology

SEM was used to analyze the shape and
pellets’ surface attributes. The pellets were
lightly sprinkled on a piece of double-sided
adhesive tape that was attached to an
aluminium stub to prepare the samples for
SEM. The gold was then applied to the
stub. Following a random scan of the
samples, microphotographs were taken at
various magnifications, and a greater
magnification was employed to study the
surface morphology.
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Drug Content

Accurately weighed pellets equivalent to
100 mg of drug are transferred to a 100 ml
volumetric flask and 5 ml methanol is
added to the above flask to extract the drug
from pellets. Phosphate buffer pH 6.8 was
added to the flask. The flask is then
sonicated for 5 min. The volume will be
then made up to 100 ml with phosphate
buffer pH 6.8. This solution will be filtered
through Whatman paper and absorbance
will be measured at 337.8 nm.

In-vitro Drug Release Study

The dissolution test was carried out with
(basket type) at 100
revolutions per minute in 900 ml of
phosphate buffer pH 6.8 for 12 hrs at

3740.5°C. Five ml samples were taken at

Apparatus-I

one hour intervals and replaced with 5 ml
of fresh dissolution media each time. A
UV-visible spectrophotometer set at 337.8
nm was then used to analyze the samples
that had been collected.

Statistical Analysis [21]

Microsoft Excel was used to conduct a
multiple regression analysis of the Box-
Behnken design batches. Three factors
were examined in this design, each at three
levels, and experimental trials were carried
out using all 15 conceivable combinations.
A two-way analysis of variance (ANOVA)
was performed using the design expert 10
demo version software to ascertain the
influence of each element with varying
levels on the response. The response
surface plots, normal plots of residual,

two-dimensional  counterplot, three-
dimensional graph, and overlay plot were
produced using the design expert 10 demo
version software to visually illustrate the

impact of each factor on the response.
Checkpoint Analysis

The obtained polynomial equation and
contour plots’ predictive abilities were
verified by a checkpoint analysis. Three
independent variable values were taken,
and by putting those values into the
polynomial equation, the theoretical values
of't,,, and t,,, were determined.

Optimization of Formulation [22, 23, 24]

The programme DESIGN EXPERT 10
(STAT - EASE) was used to calculate the
optimized formulation. Applying
(goals) to dependent
(response) and independent (factors)
variables led to optimized formulation. The

constrictions

models were assessed using R’ values and
statistically significant coefficients. To
identify the ideal parameters, several grid
and feasibility searches were carried out.
The Design Expert software offered
several 3-D response surface graphs. The
optimized formulation factors were
assessed for various response properties.

Stability Study [25]

To ascertain the impact of excipients on
the stability of the drug as well as the
physical stability of the formulation under
accelerated storage situations, a stability
test of the optimized formulation was
conducted. The Pellets were kept in an
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aluminium foil and exposed to 40 + 2°C/
75 + 5% RH temperature and humidity
conditions for a month.

RESULTS AND DISCUSSION

Study of the Drug-Excipient
Compatibility using FTIR

Interactions between drugs and their
excipients are essential for biological
performance and formulation stability. The
physical and chemical interactions between

drugs and excipients were investigated
using FTIR spectroscopy. Interpretation of
Zaltoprofen and other Excipients by FT-IR
was shown in Table 6. Figures 2 to 4
illustrate the typical absorption peaks that
were obtained for the drug both alone and
with excipients present. The principal drug
peaks and peak frequencies are clearly
visible in the spectra and are within the
expected range. This shows that the drug
and all of the excipients utilised in the
formulation were compatible.

28 ramoprotenTE
ss-!-\r . |i
PR A
s f"""|'r‘7+..,J_ A ijﬂ' I|MM-~..~
"f'-.r“f\'rfw*rq"!\lb‘— g A M, e 'M'" 1585535 -0.000
=T i '3 1497038 se3%8
9 | 3515?5;. 28111 'ﬁ"m{m 1135400 3678
eal \ LA ,J"
| < |1l | f,-" I,-q:n.z-m SE.E5E
o i 2838354 1,158 il | “// _// r
Ii 1l -
sl A . ﬁ /
1689477 QuO0a—" W | | 1 — 12045 1383
=1 3 W | i ]
sl II' Il Eazsr oma
|
il #‘I‘ o "-T:a.m 18707
1067.253 oaTe:—
EETS _-TE2E3T 0000
POESS13 00D i
o0 mon’ oo mmo’ S000  SSe0’  Sean  oemo im0 moh im0 B0 a0’ T imy ioeo T Bm T ED0 T aO0
Wavenumber
Figure 2: FT-IR Spectra of Zaltoprofen and HPMC K100M Mixture
—
ZEmarorenEo L
-«mr*—-ﬁ"‘u"?-._ﬂ w
. .ﬁ L] e ‘-JT-HII - *' ; ] i
\ ..I_ﬁ._\.-,". - —— ‘!. r' | SEEE.HT0 <0000
caa -l_, i LYy R | "I't " | MILTIC 845873
-__-.,..u- AR RIS __:“H‘-‘# l- \ llh |:l?$c.1_ 12 DO II.;; T 2.7
- | 1 .
ac ii “ o |:ra-u § -£.008
{ |Iil | l Iq_,sncmrfnc
L | | IJ.n
5 _I.'.'H"':l: -|:u:--l-J .'|;||u5,1.:|1 |-|.!'1L.“” ——
vl vioe 448 0000 i f [
LR 162 e | “Tm'ﬂn
(oS ,'1 [ TEI Me 000
i
- l’,l" et LT ]
A <
R M T M M M T R lr.:nn M

NUJPS - 2024 | Vol. 11 | Issue 1

i ity

Figure 3: FT-IR Spectra of Zaltoprofen and Micro Crystalline Cellulose Mixture
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Figure 4: FT-IR Spectra of Zaltoprofen and Polyvinyl Pyrrolidone K30 Mixture

Table 6: Interpretation of Zaltoprofen and other Excipients by FT-IR

Drug +

Functional group wave number(cm™)

excipients o -C=0 C-s-C C-0 O-H
mixture (Aromatic) | ¢tretching | Stretching | Stretching | Stretching
stretching
Zaltoprofen 2933.2 1687.900 1452.1 1286.3 1074.2
Zaltoprofen +
2912.6 1689.477 1417.028 1275.606 1067.853
HPMC K100M
Zaltoprofen +
2942.094 1698.646 1418.730 1275.162 1034.838
MCC
Zaltoprofen +
PVP K30 2932.854 1665.291 1419.089 1273.980 1069.063
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Post-Formulation Evaluation of Batches BZ1 to BZ15
Table 7: Data for Particle size, Friability, % Yield and Drug Content of Pellets

Batch No. M‘;?;‘elzi';i)de Friability (%) %P‘é il‘l"l?s"f (’C/"Oln)tg‘l‘ﬁ
BZ1 1450 0.83+0.025 93.32 95.10
BZ2 800 1.010.012 77.83 81.50
BZ3 950 1.2320.023 79.23 83.55
BZ4 1100 0.92+0.031 92.87 90.32
BZ5 1050 0.85+0.035 88.87 92.75
BZ6 1300 0.81:£0.027 91.76 90.85
BZ7 1000 0.96+0.025 90.90 85.12
BZS 1050 1.0240.018 87.41 91.82
BZ9 900 0.97:0.021 90.76 93.82
BZ10 1100 0.78+0.031 91.24 89.43
BZI11 1050 0.89+0.015 88.76 92.79
BZ12 1150 0.81:£0.033 93.44 95.89
BZ13 900 0.93+0.027 91.58 92.1
BZ14 1000 0.91+0.016 90.46 89.64
BZI15 1250 1.030.018 95.78 91.57

Every value is presented as mean + standard deviation, n=3

amount of HPMC KI100M as water

. ) evaporation takes longer and thus results in
From results of mean particle size, as seen

. _ . an increase in the particle size. The
in Table 7 above, the particle size of the

. _ ) ) friability of the pellets decreases with a
pellets increases with an increase in the rise in the amount of HPMC K100M and
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the drug content is a very significant product yield due to material loss during
parameter for any drug formulation. Pellets the spheronization process due to pellet
produced with HPMC K100M have a low

Table 8: Study of In-vitro Drug Release of Batches BZ1 to BZ15

Time B Cumulative Drug Release (%) =
(hes) | BZ1 | BAl | BZ} | BZ4 | BIS | BZs | BET | BES | BX0 | BZ10 | BE11 | BZ1? | BX13 | BX14 | BALS
0 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
| | 99% [ 792 1112 | 1H0%| 052 |81+ | 61% |1152| 128+ 0.5% | 85+ | 50% | 54% | 75% | 842
23 | 173 | 3N | 247 | 118 | 261 | 426 | 385 | 380 | 352 | 303 | 20 ) 1M | 308 | 174
3 L1+ 189+ 287+ | 276+ | 208+ | 1942 | 133+ (2152 | 209+ | 1743 | 1538+ | 122 | 14.6= | 167 | 104+
261 | 242 | 240 [ 254 | 237 | 254 | 302 | 275 | 432 |+268) 218 [ 317 | 283 | 226 | 244
3 306% | 301+ | 374+ | 363+ | 338+ | JB1+ [ 220+ (3302 | 322+ | 263+ | M4+ | M2+ | 150+ | 159+ | 20T+
271 [ 319 | XM | 267 | XA | 294 | 232 [ 406 | 365 ) 323 | 165 | 266 | 361 | 357 | A6
4 | f00%| 3004|4504 | 4492 4004 | 392+ [383% | 4122 [400% | 3532|322+ | 330+ | 361% 329+ [ 386+
302 | 304 | IS4 | 320 | 343 | 237 | 202 [ 274 | 332 | 341 | 315 | 324 | 243 | 306 | 151
g | MBSE[4TAx[ 567+ 35383+ 469 [ 458= 498 [ 472+ 805 [ 3ox |47 45T7= 474 [ Bas
251 | 267 | 331 | 240 | 267 | 278 | 306 | 300 | 225 | 365 [ 274 [ 245 | 351 | 281 | 233
P 593+ | 549+ | 6062 | 67.7+ | 714+ | 550+ | 519+ | 5672 | 55.6+ | 550+ | 486+ | 545+ | 53.8+ | 527+ | 515+
283 | 248 | 241 | 116 | 159 | 308 | 407 [ 3865 | 197 | 232 [ 167 | 280 | 28T | 32T | 338
o | 085% | 64B%|826% 762+ | 822% | 682= | 647% 664 | GBT= |61+ | 562 | (30= | 630% |G28= | 625+
324 | 201 | 209 | 248 | 281 | 244 | 236 | 324 | 306 | 272 [ 341 [ 352 | 307 | 278 | 219
% 756+ | 740+ | 880+ | 870+ | 918+ | TREL: [ Td3+ [ ToS& | VTR | V66 | 675+ | TSS: | TO5E | T2lx | Tdd+
206 | 2T | XM [ AT | 139 | 324 | 335 | 402 | 285 | 356 | 224 | 3TD | 237 | 248 | 189
5 B6.5% | 840+ | M0+ | 910+ | 938+ | 866 | B29+ [ 895= | 7.3+ | 856+ | 755+ | B7.0% | B3.9% | BS.0% | 851+
240 | o4 | 257 | 2A9 | LT | 294 | 226 [ 321 | 302 | 275 [ 350 | 275 | 341 | 331 | 173
jo | 9V3E[O11| 97 [ 045|944 (022 | 018% [ 026= | 918+ | 024= 830+ |025% | 934=|024= 0182
271 | 334 | 283 | 279 | 228 | 255 | 352 | 3s2 | 365 | 276 | 267 | 406 | 285 | 347 | 2m
i1 Q42+ | 045+ ) 054+ | 070 | 960+ (047 | 9332 (0572 | 44 | W4T | 9124 | MO | 950 | MI: | WS
307 | 181 | eSS | 133 | 318 | 264 | 365 | 343 | 152 | 240 | 334 | 321 ) 21V | 237 | le2
[y | 973%[97A%| 976 087|970 [969= | 978% | 9762|983+ | 0725|956+ | 076= | 980= 970 [98A=
231 | 227 | 255 | 323 | 266 | 233 | 284 | 256 | 342 | 343 [ 271 [ 252 | 338 | 214 | 378
Every value is presented as mean + standard deviation, n=3
100.0 s =fl=bz1
90.0 =i Ezg
==z
80.0 b
70.0 —¥=bz5
60.0 =@=bz6
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Figure 5: Comparison of Dissolution Profile of Batch BZ1-BZ15
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drying and high rotational speed leads to
dust formation.

Figure 5 displays the in-vitro pellet
dissolving profiles, and Table 8 displays
the dissolution parameter. As a result, the
release rate of the drug decreases as the
volume of polymer in the pellet
formulation increases. Therefore, by
regulating the amount of HPMC K100 M,
the desired release of the drug may be
attained. Due to formulation variables,

15 IH.Ed -4
E 3

t50% and t90% showed numerous
differences. The time needed for the 50%
(ty,) and 90 % (t,,,) release of BZ1 to
BZ15 formulations was found to be
between 4.08 hrs and 6.26 hrs and 8.2 hrs
and 10.7 hrs. Formulation BZI13
comprising 77.5% of MCC, 7.5% of
HPMC K100 M and 1750 rpm of
spheronization speed showed promising
dissolution parameters (t,,,_5.57 hr and t,,,
_ 9.6 hr) which meets the objective of work

Figure 6: SEM Images (Surface Morphology) of Batch BZ13

by achieving sustained drug release.
Surface Morphology

Aspect ratio and roundness are important
parameters for pellet characterization.
Aspect ratio closer to 1 and roundness
closer to 100% indicates spherical pellets.
The BZ13 batch showed a minimal aspect
ratio i.e. 1-1.03 and a minimum roundness
i.e. 98.80%, which means that the BZ13

NUJPS - 2024 | Vol. 11 | Issue 1

batch has spherical and uniform pellets
with a smooth surface.

Statistical Analysis

The influence of the dependent variable is
investigated using a 3-level and 3-factor
design with 2 independent variables at 3
different levels. The 15 Batches within the
experimental design were tested at 50%
and 90% respectively. Dependent &
Independent variables are shown in the
table.
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Linear, 2FI, Quadratic & Cubic Model data
for dependent response was analyzed
simultaneously using Design Expert Tools
10. Results of the ANOVA for response T,
. (Y) and T, ,, (Y,) is shown in Table 9
and 10. Following is the mathematical
relationship developed for T,,, (Y, and
T, (Y,) for studied response variable
amount of MCC (X,), amount of HPMC
K100M (X,), and spheronization speed

(X5):

Y,=5.59+0.18X,-0.30X,+0.31X,-0.22X, X -

0.62X,X,-0.16X,X,-0.50X,’-
0.015X,+0.11X,*, R’= 0.9264

Positive signs in front of terms show a
synergistic effect while negative signs
show an antagonistic effect upon
responses. From the equation, it may be
decided that the positive sign of levels X,
X, and X,’ had a positive effect on the
response while the negative sign of X,
X, X,, X,X,, X,X,, X, X,” had a negative
effect on the response.

Y,=9.57+0.14X,-0.40X,+0.39X -0.17X, X -

Table 9: ANOVA Response Surface Quadratic Model for Y,

Source SS Df MS F Value | p-value prob>F
Model 4.59 9 0.51 7.00 0.0227
X1 0.25 1 0.25 3.46 0.1220
X2 0.71 1 0.71 9.80 0.0259
X3 0.78 1 0.78 10.64 0.0224
XiX2 0.20 1 0.20 2.72 0.1602
XiX3 1.55 1 1.55 21.27 0.0058
X2X3 0.10 1 0.10 1.41 0.2891
X12 0.91 1 0.91 12.54 0.0165
X2? 0.008 1 0.008 0.011 0.9191
X32 0.045 1 0.045 0.61 0.4691
Residual 0.36 5 0.073
Lack of Fit 0.26 3 0.086 1.62 0.4043
Pure Error 0.11 2 0.053
Cor Total 4.95 14
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Figure 7: Two-Dimensional and 3D Contour Plot Display Effect of (A) Amount of MCC
(gm) X, and HPMC K100M (gm) X,, (B) Amount of MCC (gm) X, and Spheronization
Speed (RPM) X, (C) Amount of HPMC K100M (gm) X, and Spheronization Speed
(RPM) X,on T, (Y)
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Table 10: ANOVA Response Surface Quadratic Model for Y,

Source SS Df MS F Value p-value prob>F
Model 6.61 9 0.73 12.93 0.0058
Xi 0.15 1 0.15 2.66 0.1637
X 1.28 1 1.28 22.52 0.0051
X3 1.20 1 1.20 21.14 0.0059
XiXz 0.12 1 0.12 2.16 0.2020
XiX3 1.44 1 1.44 25.34 0.0040
X2 X3 0.42 1 0.42 7.43 0.0415
Xi? 1.72 1 1.72 30.34 0.0027
X2 0.013 1 0.013 0.22 0.6580
X;? 0.17 1 0.17 3.05 0.1412
Residual 0.28 5 0.057
La;:‘t of 0.16 3 0.053 0.83 0.5874
l}j)r“rf)er 0.13 2 0.063 . -
Cor Total 6.90 14 - - -
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Figure 8: Two-Dimensional and 3D Contour Plot Viewing Effect of (A) Amount of
MCC (gm) X, and HPMC K100M (gm) X,, (B) Amount of MCC (gm) X, and
Spheronization Speed (RPM) X,, (C) Amount of HPMC K100M (gm) X, and

Spheronization Speed (RPM) X,on T, (Y,)

Check Point Analysis
Table 11: Checkpoint Batches with t,,, and t,,, Predicted and Measured Values
]é a:)t ;f: . . . t50% . t90% .
Measured | Predicted | Measured | Predicted
BZ16 -0.5 0 0.5 5.34 5.47 9.4 9.6
BZ17 0 0.5 -0.5 5.83 591 9.7 9.8
BZ18 0.5 -0.5 0 5.48 5.67 9.5 9.7

0.60X,X,-0.32X,X,-0.68X,’-
0.058X,’+0.22X.", R’= 0.9588

Three checkpoint batches were prepared &
evaluated for t,, and t,,,, as shown in Table

NUJPS - 2024 | Vol. 11 | Issue 1

11. The differences between measured and
predicted outcomes were found to be
insignificant. As a result, it can be said that
the attained mathematical model is true for
predicted values.
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Optimization of Formulation

According to specified criteria, an
optimized area is produced by the overlay
plot of responses. This was the most
crucial element of the response surface
methodology. The best drug formulation
was chosen since it delivered the drug
completely and under controlled
conditions. The effects of the independent
factors that produce the best response were
identified after investigating how the
affected the

independent  variables

responses. Based on the criteria for
achieving complete and controlled drug
release, the best formulation was chosen.
Due to better drug release rate in Batch
BZ13, which contained 7.5 mg of HPMC
K100M and 77.5 mg of MCC, the maximal
requirements of an ideal formulation were
met. The  previously
formulation released 50% of the drug in

mentioned

5.5 hours and 90% in 9.6 hours, however,
98% of the drug was released in 12 hours,
which was nearly in line with predicted
values.

Design-Expert® Software
Factor Coding: Actual

Overlay Plot

Overlay Plot

t50%

t90%

® Design Points

10.5 —

X1 = A: Conc. of MCC
X2 = B: Conc. of HPMC K100 M

Actual Factor
C: Speronization Speed = 1750

8.5 —

B: Conc. of HPNIC K100 M (%)

4.5 —

® P t50%: 4
t50%: 5.59
190%: 9.56667 %8
x1 77.5 S
X2 7.5
3o
b 50%: 6] ©
I I I
62.5 745 80.5 86.5 92.5

A: Conc. of MCC (%)

Figure 9: Overlay Plot of Batch BZ13

Stability Study
Table 12: Stability Study of Optimized Formulation (BZ13)
% Drug Content % Drug release in 12hr
No. of Months
(n=3) (n=3)
0 92.1 98
1 91.5 96.7
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Zaltoprofen sustained release matrix
pellets were subjected to a I-month
stability investigation under predetermined
conditions. All data are cited in Table 12.
The optimized formulation (BZ13)
stability study reveals no appreciable
changes in the physical characteristics,
drug content, or rate of drug release in 12
hours when kept at 40 + 2°C/75 + 5% RH.
The formulation was therefore considered
to have good stability.

CONCLUSION

Over a longer length of time, the matrix
types of pellets are probably an efficient
sustained-release drug delivery system.
The form and level of polymers used are
essential considerations which influence
the release of the drug and the
physicochemical properties of the
sustained release of the pellet matrix. It
was done using the Box-Behnken design to
produce controlled medication release for
up to 12 hours. Of all the formulations
produced, the formulation BZ13
containing MCC (77.5 per cent), and
HPMC KI100M (7.5 per cent) at
Spheronization Speed (1750 rpm) showed
continuous drug release for 12 hours
relative to other formulations. As a result,
Z13 was chosen as an optimized
formulation. Drug release kinetics is
accompanied by Korsemeyer-Peppas. As a
result, the process was found to be non-
Fickian and demonstrates continuous and
consistent release of drugs over a
prolonged period, a highly beneficial trait
for any extended-release formulation.
Stability tests were performed in

NUJPS - 2024 | Vol. 11 | Issue 1

conjunction with the ICH guideline, which
suggests that chosen formulation was
stable. From an economic point of view, it
could be helpful for local pharmaceutical
companies to implement such basic
technology for preparation of a sustained-
release product.
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