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ABSTRACT

Objective: The current work focuses on the development and optimization of Naproxen 800mg sustained release tablets using surface response
methodology.

Methods: The drug release was controlled by formulating it into a sustained release tablet. The formulae was developed using various individual
concentrations and viscosity grades of HPMC polymers for Naproxen SR tablets. The compatibility of polymers along with pure drug Naproxen was
evaluated using FTIR and DSC studies. The tablets were prepared and Pre- and Post-compressional parameters, In-vitro dissolution testing, release
rate Kinetics and stability studies were evaluated.

Results: The FT-IR and DSC spectras confirms the absence of chemical interaction between drug and polymers. All the Pre-compressional and Post-
compressional parameters were found to be in limits. From the dissolution testing of all these formulations the low and high level of polymer
concentrations which were within the range of Target product profile was determined. The design space as defined by the above experiments is
within 21.3 to 22.8 range of the total polymer concentration. The data for stability studies revealed that no considerable differences in drug content
and dissolution rates for a period of 6 months as per ICH guidelines.

Conclusion: Based on the above results, a design space for all the three polymers was successfully developed within which when the tablets are

fabricated, the target product profile will always be achieved.

Keywords:Rheumatoid arthritis; Naproxen; Sustained release matrix system; Hydrophilic polymers.

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease that results in a
chronic, systemic inflammatory disorder that may affect many
tissues and organs, but principally attacks flexible (synovial) joints.
It can be a disabling and painful condition, which can lead to
substantial loss of functioning and mobility if not adequately treated

[1].

Naproxen is a naphthylpropionic acid derivative. It is the only NSAID
presently marketed as a single enantiomer and it is a nonselective
COX inhibitor. Naproxen has been proved to be effective in both
experimental and clinical pain like rheumatoid arthritis,
osteoarthritis, juvenile arthritis and acute gout without any serious
cardiovascular or respiratory side effects [2-5]. The drug is lipid
soluble, practically insoluble at low pH and freely soluble at high pH.
One of the most important commonly used methods for controlling
drug release is to form a matrix system with the help of hydrophilic,
inert and hydrophobic polymers [6-12].

During the last two decades there has been remarkable increase in
interest in sustained release drug delivery system. Such dosage
forms are designed to release a drug at a predetermined rate by
maintaining a constant drug level for a specific period of time with
minimum side effects. There are several advantages of sustained
release (SR) drug delivery over conventional dosage forms like
improved patient compliance due to less frequent drug
administration, reduction of fluctuations in steady state drug levels,
maximum utilization of the drug, increased safety margin of potent
drug, reduction in healthcare costs through improved therapy,
shorter treatment period and less frequency of dosing [13-20].

The design of experiments (DOE) is an efficient procedure for
planning experiments so that the data obtained can be analyzed to
yield valid and objective conclusions. Whereas, the design space is
that established range of process parameters and formulation
attributes that have been demonstrated to provide assurance of
quality. It forms the linkage between development and

manufacturing design. Thus, Response surface methodology
requires minimum experimentation and time proving to be more
effective and cost-effective than the conventional methods of
formulating sustained release dosage forms [20-23].

Matrix oral SR dosage forms of drugs are widely used to improve
drug tolerance or to yield dosing regimen that is to easier to manage
for patients. However, production of a SR dosage form that would
maintain an effective plasma Naproxen concentration would
improve patient compliance. The purpose of this thesis was to
optimize a sustained release naproxen dosage form using various
viscosity grades of hydrophilic polymers.

MATERIALS AND METHODS
Materials

Naproxen was obtained as a gift sample from IPS Pharma training
institute, Hyderabad. HPMC K4M, HPMC K15M and HPMC K100M
were obtained from Astra Zeneca, Bangalore. Lactose,
Microcrystalline cellulose (PH 102), PVP K30 and Magnesium
stearate was purchased from Himedia chem. Lab. Mumbai. Aerozil
was purchased from Sisco research laboratories Pvt. Ltd. Mumbai.
All other materials used were of analytical grade.

Experimental Methods

Excipients compatibility study:FT-IR Studies: FT-IR studies were
performed and the spectras were recorded in the wavelength region
0f 4000 to 400 cmL. The procedure consisted of dispersing a sample
(drug, polymers and mixture of drug and polymers in KBr and
compressing into discs by applying a compaction pressure 400 psi
for 2 min in a KBr press. The pellet was placed in the light path and
the respective spectrums were obtained.

Differential Scanning Calorimeter (DSC): Differential Scanning
Calorimeter (DSC) allows the fast Evaluation of possible
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incompatibilities, because it shows changes in the appearance, Shift
of melting endotherms and exotherms, and/or variations in the
corresponding enthalpies of reaction. The DSC thermograms of pure
drug and its combination with other polymers were recorded. The
thermal analysis was performed over a temperature range of 30°C to
350°C.

Formulation development of Naproxen sustained release
tablets: Tablets of Naproxen were prepared by direct compression
method using various viscosity grades of polymers (HPMC K4M,
HPMC K15M and HPMC K100M) as matrix forming material (shown
in Table 1-7). All ingredients (Drug Naproxen, polymer, Lactose,
MCC PH 102, PVP K-30) were passed through a 30 mesh sieve,
weighed and blended. These mixtures after separately lubricating
with Magnesium stearate and Aerosil were compressed using by
using 12 mm concave punches.

Table 1: Formula for preparation of Naproxen SR tablets with

HPMC K4M polymer
Ingredients F1 F2 F3 F4 F5
g (10%) (15%) (20%) (30%) (45%)
Naproxen 250 250 250 250 250
HPMC K4M 80 120 160 240 360
Lactose 150 150 150 150 150
MCC PH 102 288 248 208 128 8
PVP K30 16 16 16 16 16
Mg stearate 8 8 8 8 8
Aerosil 8 8 8 8 8
Table 2: Formula for preparation of Naproxen SR tablets with
HPMC K15M polymer
Ingredie F6 F7 F8 F9 F10
nts (10%) (15%) (20%) (30%) (45%)
Naproxen 250 250 250 250 250
HPMC
K15M 80 120 160 240 360
Lactose 150 150 150 150 150
MCC PH
102 288 248 208 128 8
PVP K30 16 16 16 16 16
Mg 8 8 8 8 8
stearate
Aerosil 8 8 8 8 8
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Table 3: Formula for preparation of Naproxen SR tablets with
HPMC K100M polymer

Ingredie  F11 F12 F13 F14 F15
nts (10%) (15%)  (20%) (30%)  (45%)
Eaproxe 250 250 250 250 250
HPMC

80 120 160 240 360
Lactose 150 150 150 150 150
MCC PH

o 288 248 208 128 8
PVPK30 16 16 16 16 16
Mg

stearate 8 8 8 8 8
Aerosil 8 8 8 8 8

To formulate a Naproxen sustained release tablet using surface
response methodology, the independent variables chosen were
HPMC K4M, HPMC K15M and HPMC K100M in the formulation.The
amount of HPMC K4M, HPMC K15M, and HPMC K100M to be taken
in the formulation is judged by the results of preliminary studies as
shown in tables above.

Design of Experiment (DOE): Based on the above results, a 23 full
factorial design was developed to study the interdependency of the 3
factors HPMC K4M, HPMC K15M and HPMC K100M on the
percentage dissolution of Naproxen sustained release tablets in 0.1N
HCl and pH 7.4 media.

Table 4: Formulation Design of Critical Process Parameters

Ingredient Low (%) High (%)
X 7 10
Y 7 10
Z 7 10

X=HPMC K4M, Y=HPMC K15M, Z=HPMC K100M

Table 5: 23 Design of Naproxen SR Tablet formulations

Experimentalruns X Y Z
F16 L L L
F17 L L H
F18 L H L
F19 L H H
F20 H H H
F21 H H L
F22 H L H
F23 H L L

Table 6: Formula for Naproxen SR tablet with HPMC K4M, HPMC K15M, HPMC K100M combined polymers using 23 full factorial design

Ingredients F16 (LLL) F17(LLH) F18(LHL) F19(HLL) F20(LHH) F21(HLH) F22 (HHL) F23(HHH)
Naproxen 250 250 250 250 250 250 250 250
HPMC K4M 64 64 64 80 64 80 80 80

HPMC K15M 64 64 80 64 80 64 80 80

HPMC K100M 64 80 64 64 80 80 64 80
Lactose 150 150 150 150 150 150 150 150

MCC PH 102 176 160 160 144 128 144 144 160

PVP K30 16 16 16 16 16 16 16 16

Mg stearate 08 08 08 08 08 08 08 08
Aerosil 08 08 08 08 08 08 08 08

Table 7: Formula for three optimized Naproxen SR tablets Xegrztseif rate gg gg 82

based on design space

Ingredients F24 F25 F26
Lowlevel Mediumlevel Highlevel

Naproxen 250 250 250

HPMC K4M 64 66.74 68.57

HPMC K15M 66.74 68.57 71.31

HPMC K100M 64 66.74 68.57

Lactose 150 150 150

MCC PH 102 173.26 165.95 159.55

PVP K30 16 16 16

Evaluation of powder blend characteristics [24]: Naproxen
powder blend of different formulas from Flto F26 were evaluated
for angle of repose, bulk density, tapped density, Hausner ratio,
Carr’s index.

Evaluation of tablet characteristics[24]: Naproxen SR tablets for
of different formulas from Flto F26 were evaluated for Weight
variation, Tablet hardness. Friability and Uniformity of thickness.

Drug content uniformity [25]:Five tablets weighed and crushed in
a mortar then weighed powder contained equivalent to 100 mg of
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drug transferred in 100 ml of pH 7.4 phosphate buffer solution to
give a concentration of 100 pg/ml. Take 15 ml of this solution and
diluted it up to 100 ml with pH 7.4 phosphate buffer solution to give
a concentration of 30 pg/ml. Absorbance measured at 331 nm using
UV-Visible spectrophotometer.

In- vitro dissolution studies [25]:Dissolution rate of tablets from
all the formulations were performed using Electro-lab dissolution
apparatus (USPXXIII) with basket. The dissolution fluid was 750 ml
0.1IN Hcl for the initial 2 hours followed by 900ml of 7.4 pH
phosphate buffer for the remaining hours. The speed of the basket
was 100 rpm and a temperature of 37 2C were used in each test.
Samples of dissolution medium (5ml) were collected through a filler
of 0.5um at different time intervals at set intervals (1, 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22 and 24 hrs), and were replaced with equal
volume of respective buffer solutions. They were suitably diluted
and assayed for Naproxen by measuring absorbance at 331 nm. The
dissolution experiments were conducted in triplicate. The content of
drug was calculated using the equation generated from standard
curve. The % cumulative drug release was calculated.

Treatment of dissolution data with different Kinetic equations
[26-29]:To analyze the mechanism of release and release rate
kinetics of beads-filled-capsules and capsule-in-a-capsule
formulation, the obtained dissolution data were fitted to Zero order
plots (time vs cumulative % drug release), First order plot(Log %
drug remaining vs log time), Higuchi matrix plot (cumulative % drug
release vs square root of time), and Peppa,s plot (Log cumulative %
drug release vs log time). The dissolution data was calculated for R2
values using 2003 MS-Excel software. Based on the obtained R2
values, the best-fit model was selected.

In peppa’s plots, the value of n indicates the drug release mechanism
related to the geometrical shape of the delivery system, if the
exponent n = 0.5, then the drug release mechanism is Fickanian
diffusion. If n < 0.5 the mechanism is quasi-Fickanian diffusion, and
0.5 < n < 1.0, then it is non-Fickanian or anamolous diffusion and
when n = 1.0 mechanism is non-Fickanian case II diffusion, n > 1.0
mechanism is non-Fickanian super case II.

Stability studies [30, 31]: In the present study, stability studies
were carried out for both at room temperature and accelerated
stability conditions. The conditions for storing at room temperature
were kept as 30+2 °C and 65+5% RH and for accelerated stability
conditions were kept at 40+2 °C and 75+5% RH in a humidity
chamber. At regular intervals of time (0, 2, 4 and 6 months) samples
were withdrawn and were evaluated for drug content and in-vitro
release profile.

RESULTS AND DISCUSSION

FTIR Studies: Spectra of the pure drug Naproxen and physical
mixture of drug and polymers (HPMC K4M+HPMC K15M+HPMC
K100M) were recorded in between 400-4000 cm as graphically
represented in Figurel. The FTIR spectral analysis showed that
there is no appearance or disappearance of any characteristic peaks
of pure drug Naproxen and in the physical mixture which confirms
the absence of chemical interaction between drug and polymers.

Peak in pure drug and Functional group: OH- 3189 cm1, OCH3-3002
cml, CH3-2963 cm1,

C=0-1727 cm'.

Peak in physical mixture and Functional group: OH- 3197 cm-
1,0CH3-3001 cm'1,CH3-2958 cm1,C=0- 1727 cm'L.
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Figure 1: FTIR spectra of (a) Pure drug Naproxen (b) Naproxen+HPMC

K4M+HPMC K15M+HPMC K100M

DSC Studies: In order to confirm the results of FTIR studies, DSC
studies were also performed to understand the nature of the drug in
the sustained release tablets. DSC curves obtained for pure drug and
optimized formulation were shown in Figure 2. The DSC of
Naproxen shows a sharp endothermic peak at 159.4 °C. Whereas the
thermogram of the physical mixtures of optimized sustained release
tablets did not show any significant shift in the endothermic peak as
the peak was found at 158.7 °C. Thus, it confirms that the optimized
sustained release tablets formulation is free from any chemical
reaction and can be used for its therapeutic purpose.
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Figure 2: DSC spectra of (a) Pure drug Naproxen (b)
Naproxen+HPMC K4M+HPMC K15M+HPMC K100M

Evaluation of powder blend: Powder blend ready for compression
containing drug and various excipients were subjected for pre-
compression parameters (Micromeritic properties) to study their
flow properties and to achieve uniformity of tablet weight. The
results of all the pre-compressional parameters are given
Table 8. The angle of repose of all the batches was found to range
between 22°.12" to 24°.83’ which is lesser than 25 and thus the
powder blend has excellent flow properties. For all the batches of
powder blend, the LBD and TBD was found to range between 0.506
to 0.597 and 0.574 to 0.684 gm/cc respectively. This indicates good
packing capacity of the powder blend. The results of Carr’s
consolidation index or compressibility index (%) for all the batches
of the powder blend were found to range between 10.28+0.42% and
15.06+0.18 % which is lesser than 15 %. Hausner’s ratio of all
batches were found to be in the range between 1.11+0.06
t01.17+0.10 which is lesser than 1.25 and thus indicates better flow
properties.

Table 8: Results of pre-compressional parameters for Naproxen SR tablets

Formulation code Angle of repose (°) Bu(l:n(:/e::;ty Tapped density (gm/cc) Carr’sindex (%) Hausner’s ratio
+SD,n=3 +SD, n=3 +SD, n=3 +SD, n=3
+SD, n=3

F1 23°.18’+0.12 0.567+0.18 0.642+0.17 11.68+0.34 1.13+0.07
F2 22°.12'+0.43 0.514+0.04 0.584+0.03 11.98+0.23 1.12+0.14
F3 23°.32'+0.23 0.555+0.02 0.623+0.04 13.55£0.67 1.12+0.04
F4 24°.76'+0.45 0.523+0.09 0.584+0.02 10.44+0.81 1.11+0.09
F5 22°.62'+0.13 0.562+0.07 0.634+0.05 13.46+0.15 1.12+0.36
Fé6 23°.42'+0.19 0.508+0.01 0.574+0.04 11.49+0.12 1.12+0.10
F7 23°.78'+0.25 0.525+0.04 0.594+0.01 11.61+0.36 1.13+0.25
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F8 24°.12°+0.27 0.577+0.07
F9 22°.12°£0.15 0.512+0.03
F10 24°.89'+0.56 0.586+0.09
F11 23°.46'+0.54 0.524+0.06
F12 24°.79'+0.36 0.552+0.03
F13 23°.58'£0.53 0.571£0.07
F14 24°.82°+0.51 0.591£0.05
F15 23°.75'£0.49 0.587+0.02
F16 22°.82°+0.47 0.597+0.06
F17 24°.22°+0.52 0.513£0.01
F18 23°.39'£0.53 0.506£0.05
F19 22°.62°+0.48 0.581£0.03
F20 24°.78'£0.18 0.567+0.02
F21 24°.42°+0.53 0.578+0.06
F22 22°.49'+0.50 0.559+0.07
F23 23°.39'+0.51 0.547+0.03

0.654+0.06 12.53+0.42 1.13+0.14
0.594+0.08 10.35+0.18 1.16+0.04
0.659+0.04 12.39+0.25 1.12+0.56
0.594+0.02 11.65+0.11 1.13+0.78
0.627+0.06 11.16+0.20 1.13+0.12
0.637+0.03 10.36+0.31 1.07+0.24
0.684+0.01 13.38+0.27 1.15+0.23
0.674+0.04 12.90+0.41 1.14+0.10
0.669+0.01 10.40+0.12 1.10+0.21
0.584+0.06 12.15+0.37 1.13+0.14
0.564+0.07 10.28+0.16 1.11+0.09
0.654+0.09 10.56+0.21 1.12+0.04
0.644+0.04 11.95+0.36 1.13+0.56
0.649+0.08 10.32+0.25 1.11+0.34
0.624+0.03 10.41+0.28 1.11+0.13
0.644+0.07 15.06+0.18 1.17+0.06

Evaluation of post-compression parameters: The results of all the
post-compressional parameters are given Table 9. In the present
study, the hardness of all the batches of Naproxen SR tablets were
found to range between 5.1+0.13kg/cm? and 6.9+0.05kg/cm?
respectively indicating that they possessed sufficient mechanical
strengthTablet hardness is not an obsolute indicator of strength.
Another measure of tablets strength is friability. The friability of all
the batches of Naproxen SR tablets were found to range between
0.26+0.17and 0.80+0.32 respectively. Conventional compressed
tablets that loose less than 1 % of their weight are generally
considered acceptable. In the present study, percent friability of all
the batches was below 1 % limit as shown in the pharmacopoeia
indicating that the friability is within the standard limit. It ensures
that the Naproxen SR tablets were mechanically stable. The weight
variation test was performed according to the procedure given in the
pharmacopoeia. In a weight variation test, pharmacopoeial limit for

the percentage deviation of tablets weighing 324 mg or more is +5
%. The average percentage deviation for all the batches of tablets
were found to range between 795+0.18 mg to 805+0.03mg and it
was found to be within the pharmacopoeial limits. The weight of all
the batches of Naproxen SR tablets was found to be uniform with
low standard deviation values indicating efficient mixing of drug and
excipient. The uniformity in content could be related to the low
weight variation of the core Naproxen SR tablets which could be due
to the narrow size distribution and free flowing nature of the pre-
compressed blend. The mean thickness (n=6) was almost uniform all
the batches and values for all the batches of SR tablets were found to
range between 5.69+0.01 to 6.88+0.09 mm. The standard deviation
values indicated that all the batches were within the range. The
percentage drug content were found to range between 97.04+0.43 to
99.02+ 0.66 % of Naproxen for all the batches of Naproxen SR
tablets indicating good content uniformity in all the batches.That
indicates drug was uniformly distributed throughout the SR-tablets.

Table 9: Evaluation of Post-compression parameters of Naproxen SR tablets

Weight variation (mg) Hardness (kg)

Thickness (mm)  Friability (%) % Drug content

Formulation code (+SD), n=20 (£SD), n=6 (£SD), n=6 (£SD), n=6 (£SD), n=3
F1 798+0.03 6.3+0.04 6.53+0.06 0.64+0.17 98.05+0.51
F2 795+0.03 5.3+0.05 5.86+0.04 0.36+0.08 98.08+0.22
F3 805+0.07 6.3+0.03 6.54+0.07 0.32+0.16 97.04+0.43
F4 802+0.12 5.4+0.04 6.30+0.09 0.31+0.04 98.05+0.74
F5 800+0.08 6.4+0.06 5.91+0.04 0.38+0.13 98.09+0.55
F6 798+0.11 5.4+0.14 5.89+0.06 0.34+0.11 98.02+ 0.26
F7 795+0.18 5.3+0.12 5.91+0.05 0.38+0.02 99.04+0.23
F8 805+0.05 5.3+0.10 6.45+0.03 0.28+0.05 99.00+0.36
F9 804+0.23 6.3+0.09 6.29+0.09 0.29+0.013 98.10+0.15

F10 800+0.16 5.3+0.06 6.73+0.07 0.80+0.32 98.08+0.16
F11 797+0.17 6.4+0.03 5.69+0.01 0.34+0.09 97.02+ 0.56
F12 795+0.09 5.4+0.04 6.86+0.09 0.48+0.14 99.00+0.15
F13 805+0.21 5.7+0.02 6.77+1.01 0.34+0.38 99.01+0.17
F14 804+0.03 6.3+0.04 6.88+0.09 0.28+0.45 98.10+0.68
F15 800+0.03 5.2+0.05 6.12+0.05 0.26+0.17 98.09+0.10
F16 797+0.09 6.4+0.09 6.23+0.07 0.31+0.61 99.00+0.48
F17 805+0.09 5.1+0.13 5.92+0.04 0.68+0.27 99.03+0.54
F18 795+0.09 5.4+0.13 6.33+0.03 0.32+0.35 99.05+0.09
F19 805+0.09 6.4+0.11 6.53+0.06 0.33+0.09 98.09+0.13
F20 800+0.09 5.4+0.12 6.46+0.04 0.30+0.15 98.02+0.62
F21 796%0.10 5.7+0.13 6.54+0.07 0.56+0.51 99.01+0.56
F22 805+0.09 5.2+0.07 6.80+0.09 0.28+0.24 97.09+0.72
F23 800+0.13 6.9+0.05 6.11+0.06 0.32+0.42 99.07+0.66

In-vitro dissolution studies

Effect of HPMC K4M on in-vitro dissolution rate of Naproxen:
When HPMC K4M is used, formulation F3 which has 20% K4M falls
within the TPP. Formulations below 20% are faster than the TPP and
formulation above 20% are slower than the TPP. The test results are
graphically represented in Figure 3. The low and high values of the
targeted product profile (TPP) are also shown in Table 10 for the
sake of comparison. The release rate kinetics was calculated and the
data is shown in Table 11. The rate kinetics followed the Peppa’s
model indicating that the drug release follows dissolution limiting
kinetics which is very common for poorly water soluble drugs.

Table 10: Low and high values of the targeted product profile

Time (hours) TPP Low TPP High

0 0 0

1 0 10
2 5 15
4 15 35
8 40 70
12 65 85
20 80 100
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Table 11: Release rate Kinetics for Formulation F3
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results are graphically represented in Figure 3. The release rate
kinetics was calculated and the data as shown in Table 13. The rate

Hixslhetics followed the Peppa’s model indicating that the drug release
Crowgllhwe dissolution limiting kinetics which is very common for

0.11%o00rly water soluble drugs.

Zero First-

order Higuchi’s Peppa’s order
Slope 4.35 20.974 0.83 -0.009
Correlation 0.9635 0.9848 0.9935 -0.9981 0.9923
R2 0.9283 0.9698 0.9871 0.9961

0.9846 Table 13: Release rate Kinetics for Formulation F13

Effect of HPMC K15M on in-vitro dissolution rate of Naproxen:
When HPMC K15M is used, formulation F7 which has 15% K15M
falls within the TPP. Formulations below 15% are faster than the
TPP and formulation above 15% are slower than the TPP. The test
results are graphically represented in Figure 3. The release rate
kinetics was calculated and the data as shown in Table 12. The rate
kinetics followed the Peppas model indicating that the drug release
follows dissolution limiting kinetics which is very common for
poorly water soluble drugs.

Table 12: Release rate Kinetics for Formulation F7

Zero Higuc Pepp  First- Hixson
order hi's a’s order Crowell
Slope 4.997 24127 1.043 -0.011 0.148
Correlat
ion 0.9549 09774 0.995 -0.9984 0.9944
R2 0.9119 0.9553  0.99 0.9968 0.9889

Based on the dissolution profiles of HPMC K4M, HPMC K15M and
HPMC K100M it may be concluded that each polymer gives
acceptable dissolution profile only within a very narrow range. From
all these individual polymers dissolution testing results, it was found

—that—as-the concentration and viscosity grades of HPMC polymers
HiX398 increasing the release rate of Naproxen from SR Tablets was

0.98hg effect of combination of three polymers on the in-vitro

Zero First-

order Higuchi’s Peppa’s order Croyellb cino
Slope 4.733 22.689 0.908 -0.01 0.13 ”
Correlation  0.9632 0.9789 0.9979 -0.9977
R 2 0.9277 0.9582 0.9958 0.9954

0.9¢isgolution profile was evaluated using full factorial 23 design of

Effect of HPMC K100M on in-vitro dissolution rate of Naproxen:
When HPMC K100M is used, formulation F13 which has 20% K100M
falls within the TPP. Formulations below 20% are faster than the
TPP and formulation above 20% are slower than the TPP. The test

experiments. The total of three polymers was evaluated between
21% as low and 30% as high. The DOE chart is given in Table 6. The
dissolution profiles for the eight DOE experiments are represented
in Figure 3.
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Figure 3: Effect of different concentrations of a) HPMC K4M b) HPMC K15M C) HPMC K100M D) Combination of three polmers (HPMC K4M+HPMC

d

K15M+HPMC K100M) on the dissolution profile of Naproxen formulations F1 to F23

DOE for Naproxen release: The dissolution at 2 hours (D2), 8 hours (D8) and 20 hours (D20) were considered as critical since they define the rate
and extent of drug release. These values were fed into the DOE Pro XL software and the results of the DOE are shown below in Table 14.
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Table 14: DOE Design sheet for the dissolution at 2nd hour, 8t hour and 20t hour

Factor A B C
HPMC Release at 2nd hour Release at8th hour Release at 20t hour
Row# HPMCK4M HPMCK15M
K100M
1 7 7 7 42.12+0.84 95.26+0.64 100+0.60
2 7 7 10 9.04+0.77 25.52+0.67 62.24+0.50
3 7 10 7 8.73+0.80 25.36+0.84 62.56+0.74
4 7 10 10 13.34+£0.42 23.53+0.86 78.58+0.40
5 10 7 7 11.00+£0.48 33.53+0.70 81.61+0.89
6 10 7 10 8.54+0.65 20.43+£0.82 44.91+0.59
7 10 10 7 10.34+0.61 27.51+0.65 67.27+0.56
8 10 10 10 6.12+0.83 20.00+£0.74 48.92+0.73
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Figure 4: Y-Hat surface plots for a) HPMC K4M Vs HPMC K15M for D2 b) HPMC K15M Vs HPMC K100M for D2 c) HPMC K4M Vs HPMC
K100M for D2 d) HPMC K4M Vs HPMC K15M for D8 e) HPMC K15M Vs HPMC K100M for D8 f) HPMC K4M Vs HPMC K100M for D8 g) HPMC
K4M Vs HPMC K15M for D20 h) HPMC K15M Vs HPMC K100M for D20 i) HPMC K4M Vs HPMC K100M for D20
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The surface response curves as shown above defined a design space
for all the three polymers within which when the tablets are
fabricated, the TPP will always be achieved. The focus of this work
was to optimize the Naproxen tablets using Design of Experiment.
On finding the three Critical Formulation Ingredients or parameters,
a 23 experimental design using DOE was run to identify the
interaction between these parameters. A strong correlation was
found between these parameters and a design space as shown in
Table 15 within which the formulation passes the acceptance
criteria for the release of drug was determined.

Table 15: Design Space for the three factors in which the tablets
pass acceptance criteria

Polymer Low Level High Level
HPMC K4M 7 7.5
HPMC K15M 7.3 7.8
HPMCK100M 7 7.5

Based on this design space, three batches were fabricated using the
concentration of polymers between these low and high level range
as shown in Table 7. These batches were tested for room
temperature and accelerated stability studies. From the dissolution
testing of all these three batches it was found their release profile
were found to be in the TPP limits as graphically represented in
Figure 5.
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Figure 5: Dissolution profile of optimized formulations

Results of stability testing: Formulation batches F24, F25 and F26
was packed in 90 ml HDPE containers (30s count/container) and
charged at both room temperature (30+2 °C and 65+5% RH) and
accelerated stability conditions (40+2 °C and 75%#5% RH) in a
humidity chamber. The tablets were evaluated for assay and
dissolution profile testing at 0, 3 and 6 months. The data for stability
studies revealed that no considerable differences in drug content
and dissolution rates were observed. The results of drug content and
dissolution rate after 6 months was given in Tables 16-18.

Table 16: Stability studies: Appearance and drug content for optimized formulations

Storage conditions and time (months)

Parameters Initial results Room temperature Accelerated stability

30+2 °Cand 65+5% RH 40%2 °Cand 75+5% RH

0 3 6 3 6
Appearance White circular No change in No change in No change in No change in

tablets appearance appearance appearance appearance

F24 98.56+ 0.16 % 9843+ 0.20 % 98.15+ 0.37 % 98.51+ 0.18 % 98.18+ 0.42 %
Drug content (%) F25 99.13+0.10 % 99.04+ 0.12 % 98.91+ 0.09 % 99.09+ 0.21 % 99.02+ 0.33 %
F26 99.76+ 0.82 % 99.64+ 0.46 % 99.31+ 0.21 % 99.70+ 0.30 % 99.15+ 0.22 %

Table 17: Stability studies: Dissolution Profile (At room temperature 302 °C and 65+5% RH)

% Cumulative Drug

% Cumulative Drug

% Cumulative Drug

Time specification Released (F24) Released (F25) Released (F26)
(Hours) (TPP) Initial 3rd Month 6t Month Initial 3rd Month 6th Month Initial 3rd Month  6th Month
Results Results Results

0 0 0 0 0 0 0 0 0 0 0
1 0-10% 7.56+0.12 7.32+0.13 6.94+0.22 7.21+0.18 6.95+0.16 6.54+0.15 7.12+0.21 6.85+0.16 6.49+0.18
2 5-15% 17.08+0.23 16.85+0.24 16.53+0.13 16.85+0.27 16.42+0.09 16.12+0.21 16.39+0.12 16.04+0.25 15.79+0.32
4 15-35% 24.91+0.25 24.78+0.14 24.52+0.16 24.32+0.15 24.01+0.18 23.75+0.26 23.58+0.26 23.21x0.18 22.94+0.25
8 40-70% 55.86+0.17 55.64+0.11 55.21+0.27 54.63+0.15 54.28+0.21 53.92+0.18 53.80+0.19 53.49+0.32 53.14+0.21
12 65-85% 67.39+0.09 67.08+0.09 66.79+0.19 65.51+0.21 65.29+0.14 64.83+0.23 64.20£0.24 63.85+0.29 63.51%0.19
20 80-90% 84.63+0.27 84.25+0.12 83.79+0.13 82.89+0.28 82.62+0.19 82.17+0.19 82.28+0.17 81.90+0.14 81.67%0.18
24 95-100% 99.40+0.19 99.16+0.25 98.83+0.26 98.59+0.32 98.27+0.22 97.91+0.25 98.16+0.25 97.84+0.12 97.43%0.22
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Table 18: Stability studies: Dissolution Profile (At Accelerated stability conditions 40+2 °C and 75+5% RH)

% Cumulative Drug

% Cumulative Drug

% Cumulative Drug

Time specification Released (F24) Released (F25) Released (F26)
(Hours) (TPP) Initial 3rd Month 6th Month Initial 3rd Month 6th Month Initial 3rd Month  6th Month
Results Results Results
0 0 0 0 0 0 0 0
0 0 0

1 0-10% 7.56+0.19 7.39+0.23 6.99+0.10 7.21+0.16 7.05+0.21 6.86+0.25 7.12+0.25 6.91+0.15 6.54+0.18
2 5-15% 17.08+0.27 16.91+0.17 16.74+0.21 16.85+0.12 16.59+0.23 16.21+0.29 16.39+0.17 16.18+0.28 15.87+0.14
4 15-35% 2491+0.12 24.81+0.19 24.59+0.27 24.32+0.21 24.07+0.19 23.81+0.35 23.58+0.26 23.27+0.19 22.99+0.26
8 40-70% 55.86+0.16 55.69+0.28 55.38+0.13 54.63+0.27 54.31+0.10 53.98+0.16 53.80+0.11 53.56+0.26 53.20+0.21
12 65-85% 67.39+0.24 67.14+0.17 66.85+0.18 65.51+0.14 65.31+0.16 64.91+0.11 64.20+0.25 63.95+0.15 63.58+0.13
20 80-90% 84.63+0.28 84.33+0.32 84.07+0.29 82.89+0.21 82.68+0.25 82.27+0.19 82.28+0.19 81.98+0.23 81.73+0.28
24 95-100% 99.40+0.12 99.21+0.29 98.96+0.17 98.59+0.15 98.34+0.14 98.05+0.21 98.16+0.24 97.74+0.26 97.56%0.11

Thus, it was concluded that in order to successfully develop a
Naproxen SR tablet with a pre-determined target dissolution profile
over 24 hours, surface response methodology provides an excellent
tools for optimization of polymer concentration when a combination
of polymers is used. The design space as defined by the above
experiments is within 21.3 to 22.8 range of the total polymer
concentration.

CONCLUSION

It can be concluded that the surface response curves defined a
design space for all the three polymers within which when the
tablets are fabricated, the TPP will always be achieved. Thus, in
order to successfully develop a Naproxen SR tablet with a pre-
determined target dissolution profile over 24 hours, surface
response methodology provides an excellent tools for optimization
of polymer concentration when a combination of polymers is used.
The design space as defined by the above experiments is within 21.3
to 22.8 range of the total polymer concentration.
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