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Keywords: ABSTRACT: Naproxen, a non-steroidal anti-inflammatory drug suggested
for the long term treatment of disease conditions such as Rheumatoid

Naproxen, Pantoprazole, Delayed o .. ; . . .
Arthritis and Osteoarthritis poses an immediate risk of stomach ulceration.

release, Multi-layered tablets

To avoid this risk, a proton pump inhibitor is often prescribed along with it.
In the present study, Naproxen (500mg) is prepared in combination with
Pantoprazole, a proton pump inhibitor as a multi-layer coated tablet. First,
Naproxen is prepared as core tablet by wet granulation method. Then it is
enteric coated to assist its delayed-release. Over this enteric coated tablet,
Pantoprazole (20mg) drug layer is applied to get combination product. The
prepared tablets were evaluated for physicochemical properties such as
weight variation, hardness, friability, disintegration and drug content. The in-
vitro drug release studies were conducted for Naproxen core tablets,
Naproxen enteric coated tablets and multi-layered tablets in 0.1N HCI and
7.4 pH phosphate buffer. The analytical results obtained at several stages of
preparation of the product were found to be satisfactory. The in-vitro drug
release studies of Naproxen and Pantoprazole from multilayered tablets in
0.1N HCI and 7.4 pH phosphate buffer has shown that the release of drugs
follow zero order kinetics.
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INTRODUCTION: Oral drug delivery is the most
widely utilized route of administration among all
the routes that have been explored for the systemic

Recently, a new generation of combination
pharmaceutical products with one immediate-
release component and one delayed-release

delivery of drugs via various pharmaceutical
products of different dosage forms. Pharmaceutical
products designed for oral delivery are mostly the
immediate-release type. Because of their clinical
advantages over immediate-release pharmaceutical
products containing the same drugs, delayed-
release pharmaceutical products have gradually
gained medical acceptance and popularity since
their introduction into the market place.
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component have received regulatory approval for
marketing > 2. Through such dosage forms several
advantages are seen but still some problems arise in
preparation of this kind of dosage form such as
physical incompatibility, chemical incompatibility
etc. Therefore, the bilayer and multilayer tablets are
known as a novel drug delivery system.

Arthritis is an inflammation of the joints. It can
affect one joint or multiple joints. There are more
than 100 different types of arthritis, with different
causes and treatment methods. Two of the most
common types are osteoarthritis (OA) and
rheumatoid arthritis (RA). The most well-known
therapy for Arthritis is the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) **.
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Naproxen is an NSAID of the propionic acid class,
works by reversibly inhibiting both the COX-1 and
COX-2 enzymes as a non-selective coxib. But it
poses an intermediate risk of stomach ulcers. To
reduce stomach ulceration risk, it is often combined
with a proton-pump inhibitor to reduce stomach
acid production during long-term treatment for
those with pre-existing stomach ulcers or for those
having history of developing stomach ulcers while
on NSAIDs.

Pantoprazole is a proton pump inhibitor drug that
inhibits gastric acid secretion. It works on gastric
parietal cells to irreversibly inhibit (H+/K+)-
ATPase function and suppress the production of
gastric acid > °.

Studies showed that NSAID drugs in combination
with PPI’s significantly reduce the incidence of
gastric ulcers, regardless of NSAID dose, in at-risk
patients, and is associated with improved UGI
tolerability relative to enteric coated NSAID.*

Therefore the primary objectives of the study were
to develop a suitable dosage form for two active
ingredients, NSAID (in the enteric coated layer)
and PPl and to overcome the under prescribed
combination of these two drugs. In this study, the
combination product of Naproxen and Pantoprazole
is prepared by using multi-layer tablet coating
technology. Naproxen core tablet is prepared by
compression and then enteric coated. Upon this
enteric coated tablet, Pantoprazole drug layer is
applied. The number of ingredients were tried to
reduce as much as possible which would make it a
cost-effective formulation.

MATERIALS AND METHODS:

Materials: Naproxen and Pantoprazole were
obtained as gift samples from Alembic
pharmaceuticals Ltd., Gujarat. Hydroxypropyl
methylcellulose (Colorcon Asia Pvt Ltd., Goa), Iso
propyl alcohol (Rankem, RFCL Ltd., New Delhi),
Magnesium oxide (Geocon products, Mumbai),
Polyethylene glycol (Gangwal chemicals Pvt. Ltd.,
Mumbai) and all other chemicals used were of
analytical grade.

Methods:

Drug- Excipient Compatibility Studies: Drug-
Excipient Compatibility studies were performed
using FT-IR spectrophotometer studies.
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Preparation of Standard Curve of Naproxen:
Calibration curve of Naproxen was prepared in pH
7.4 phosphate buffer. 28 mg of the drug was
dissolved in 50 ml of pH 7.4 phosphate buffer.
From this 5 ml of solution was taken and diluted to
25ml with phosphate buffer to obtain a stock
solution of concentration 0.112 mg/ml. This
solution was then serially diluted with phosphate
buffer to give solutions of concentration ranging
from 20ug/ml to 80ug/ml. The absorbance of these
solutions was measured at 332 nm using phosphate
buffer as blank and the standard curve was plotted
to get the linearity and regression equation.

Preparation of Standard Curve of Pantoprazole:
Calibration curve of pantoprazole was prepared in
0.1 N HCI. 10 mg of the drug was dissolved in 100
ml of 0.IN HCI to obtain a stock solution of
concentration 100 pg/ml. This solution was then
serially diluted with 0.1 N HCI to give solutions of
concentration ranging from 5 pg/ml to 25 pg/ml.
The absorbance of these solutions was measured at
285 nm using 0.1N HCI as blank and the standard
curve was plotted to get the linearity and regression
equation

Preparation of Naproxen Core tablets (D; - Ds) '
Naproxen core tablets were prepared by direct
compression method using Tablet Compression
Machine (Elite Scientific and Equipments, Guntur).
Povidone solution (1:7 ratio) in water was prepared
by mixing with a stirrer into a glass vessel.
Accurate quantities of Naproxen, diluent and
disintegrant were added. Binder solution was
added, mixed for 3-4 minutes to prepare wet mass.
The wet mass was dried in a Hot air oven at 45°C
for about 15 to 20 minutes. The granules were then
obtained by rubbing the wet mass with mesh #20
and then collected followed by drying. Magnesium
stearate was weighed, sieved through mesh #44 and
added to the granules & mixed for 5 minutes. The
granules were then compressed to get Naproxen
Core tablets given in the Table 1.

Subcoating of Naproxen Core tablets: Based on
the evaluation results of the core tablets, one
formulation was chosen for further coatings. It was
performed twice, first on the naproxen core tablets,
then on the enteric coated tablets. The subcoating
solution is prepared as per the formula given in the
Table 2.
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TABLE 1: FORMULATION OF NAPROXEN CORE TABLET

Name of the material

Quantity (mg / tablet)

D]_ D2 D3 D4 D5

Naproxen 500 500 500 500 500
Povidone 21 10 _ _ _
Microcrystalline Cellulose _ _ _ 21 10
Anhydrous Lactose _ 11 21 _ 11
Croscarmellose Sodium 21 21 21 21 21
Magnesium stearate 8 8 8 8 8

Total Quantity 550 550 550 550 550

TABLE 2: FORMULATION OF SUBCOATING SOLUTION

Name of the material

Quantity per tablet

Methanol 0.1ml
Methylene chloride 0.1ml
HPMC E15 LV 4 mg

Enteric coating of sub-coated Core tablets ':

Enteric coating solution was prepared by taking
Hydroxypropyl Methylcellulose as coating polymer

and other ingredients as shown in the Table 3. It is
then applied over sub-coated tablets of Naproxen

TABLE 3: FORMULATION OF ENTERIC COATING SUSPENSION

Name of the material

Quantity per tablet

HPMC E15 LV
Isopropyl Alcohol
Purified water
PEG

16 mg
0.2ml
0.2ml
0.01 ml

Drug layering: Finally, after subcoating of Enteric
coated Naproxen tablets, the drug layering solution
containing Pantoprazole is applied to get

combination drug product. Five different drug layer
formulations (F, — Fs) were prepared as shown in
the Table 4.

TABLE 4: FORMULATION OF DRUG LAYERING COATING SUSPENSION CONTAINING PANTOPRAZOLE

Name of the material F, F, F; F, Fs
Pantoprazole 30 mg 30 mg 30 mg 30 mg 30 mg
HPMC E15 LV 18 mg 18 mg 18 mg 18 mg 18 mg
Magnesium Oxide 6 mg 10 mg _ _ _
Calcium Carbonate _ _ 10 mg 15 mg _
Calcium Hydroxide _ _ _ _ 6 mg
Isopropyl Alcohol 0.2ml 0.2ml 0.2ml 0.2 ml 0.2 ml
Purified water 0.2ml 0.2ml 0.2ml 0.2ml 0.2ml
PEG 0.01 ml 0.01 ml 0.01 ml 0.01 ml 0.01 ml
g.s. g.s. g.s. g.s. q.s.

Evaluation of preformulation parameters: " ® °

All the formulations were evaluated for flow
properties independently at both pre-granulation
and pre-compression stages. The fixed funnel
method was employed to measure the angle of
repose. Bulk and tapped densities were determined
by tapped density apparatus from which
compressibility index and Hausner’s ratio values
were calculated.

Evaluation of Multi-layered tablets: " °
1. Weight Variation: Ten tablets were selected at
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random and weighed individually. Average weight
was calculated and standard deviation was
computed.

2. Hardness: Hardness is termed as the tablet
crushing strength and it is the force required to
break a tablet diametrically. Hardness of tablets
was measured by selecting 5 tablets randomly and
the hardness of each tablet was measured with
Pfizer hardness tester (Elite Scientific and
Equipment, Guntur). It is usually measured in
terms of kg/cm?.
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3. Friability: Ten tablets were weighed and placed
in the friabilator (Elite Scientific and Equipment,
Guntur), which was then operated for 25
revolutions per minute. After 4 minutes, the tablets
were dusted and reweighed.

The percentage friability was determined using the
formula,

Percentage friability =
[Initial weight - Final weight/Initial weight] x 100

4. Disintegration Time: The disintegration time of
the tablets was determined as per Indian
pharmacopoeia. The test was carried out using
tablet disintegration apparatus (Elite Scientific and
Equipments, Guntur). Distilled water was used as a
disintegrating media at 35-39 °C. The time required
to obtain complete disintegration of all the tablets
was noted.

Drug Content: Ten tablets were crushed in a
mortar and following procedure carried out.

» Drug Content for Naproxen: Preparations
equivalent to 20 mg was weighed accurately

and transferred to 100ml volumetric flask and

E-ISSN: 0975-8232; P-ISSN: 2320-5148

was measured at 332 nm using appropriate
blank solution. The drug content was estimated
using calibration curve.

Drug Content for Pantoprazole: Preparations
equivalent to 10 mg was weighed accurately
and transferred to 100ml volumetric flask and
dissolved in 0.1N HCI. The volume was made
upto the mark with 0.1N HCI. Absorbance of
the resulting solution was measured at 285 nm
using appropriate blank solution. The drug
content was estimated using calibration curve.

In-vitro Dissolution Studies: " ° In vitro dissolution
studies were conducted using Dissolution test
apparatus DS 800 (Lab India, Mumbai). The
dissolution specifications for all types of tablets
tested were given in the table 5. For dissolution of
Multi-layered tablets, 0.IN HCIl was used as
dissolution medium for the first two hours and 7.4
pH phosphate buffer for the remaining time.
Samples of 5 mL were withdrawn at predetermined
time intervals and replaced with 5mL of fresh
dissolution medium. The collected samples were
diluted with dissolution fluid, wherever necessary,
and were analyzed for Pantoprazole at 285 nm and
Naproxen at 332 nm by using Double beam UV

dissolved in 7.4 phosphate bl_Jffer. The volume  y/isiple Spectrophotometer SL 164  (Elico,
was made upto the mark with 7.4 phosphate Hyderabad)
buffer. Absorbance of the resulting solution
TABLE 5: DISSOLUTION SPECIFICATIONS FOR ALL THE TYPES OF TABLETS
Dissolution Naproxen Core  Naproxen Core Enteric Enteric Multi-layer Multi-layer
specifications tablet tablet coated coated tablet tablet tablet
1) ) tablet (1) ) 1) )
Dissolution 0.1N HCI pH 7.4 0.1N HCI pH 7.4 0.1IN HCI pH 7.4
medium Phosphate buffer Phosphate Phosphate
buffer buffer
Volume of 900 ml 900 ml 900 ml 900 ml 900 ml 900 ml
dissolution
medium
Temperature 37 £0.5°C 37 £0.5°C 37 £0.5°C 37 £0.5°C 37 £0.5°C 37 £0.5°C
RPM 50 50 50 50 50 50
Duration 1 hour 1 hour 1 hour 1 hour 2 hours 1 hour
8,9,10

Release Kinetics:
Curve Fitting Analysis:

To analyze the mechanism of the drug release rate
kinetics of the dosage form, the data obtained were
plotted as:

1) Cumulative percentage drug released vs. time
(in-vitro drug release plots)

2) Cumulative percentage drug released vs. Square
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root of time (Higuchi’s Plots)

3) Log cumulative percentage drug remaining vs.

time (First order plots)

4) Log cumulative percentage drug released vs.

log time (Korsmeyer-Peppas plots)

5) Cube root percentage drug remaining vs. time

(Hixon — Crowell)/
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RESULTS AND DISCUSSION:
Drug-Excipient Compatibility Studies:
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Calibration Curves:
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Preformulation Properties: The Pre-granulation index and Hausner’s ratio values of all the five
and precompression flow properties such as Bulk  formulations (F; - Fs) are shown in the Tables 6
density, Tapped density, Angle of Repose, Carr’s and 7.

TABLE 6: FLOW PROPERTIES OF POWDERS OF FORMULATIONS D; - Ds

Formulation Bulk density Tapped density Angle of Compressibility Hausner’s
(g/ml) (g/ml) Repose (°) index % ratio
D, 0.55 0.63 27.8 12.7 1.14
D, 0.39 046 235 15.2 1.18
Ds 0.59 0.67 22.07 11.9 1.13
D, 0.59 0.68 24.2 13.2 1.15
Ds 0.37 0.44 25.05 15.9 1.19

TABLE 7: PRE-COMPRESSION PROPERTIES OF GRANULES OF FORMULATION D; - Ds

Formulation Bulk density Tapped density Angle of Compressibilit Hausner’s
(g/ml) (g/ml) Repose (°) y index % ratio
D, 0.77 1.07 32.11 26.75 1.31
D, 0.69 1.66 33.87 26.45 1.35
D; 0.78 1.07 34.45 26.87 1.33
D, 0.77 1.07 33.7 26.67 1.38
Ds 0.78 1.07 33.8 26.67 1.36

Evaluation of Multi-layered tablets: The tablets  Weight variation, Hardness, Friability of all the six
were visually observed and free from defects such  multi-layered formulations are shown in Table 8,
as lamination, chipping, and capping. The prepared 9.

tablets passed all the in-process tests. The values of

TABLE 8: POST COMPRESSION PARAMETERS OF FORMULATIONS F; — F5

S.no Weight Average Hardness Friability
variation (mg) thickness (kg/cm3) (%)
Fy 624 £ 1.5 6.84+ 0.02 3.5 £0.07 0.31 +£0.09
F, 628 +1.3 6.91+ 0.03 4.3 £0.03 0.42 +0.03
Fs 628 + 1.7 6.90+ 0.02 3.6 £0.02 0.26 +0.08
F4 633+1.5 6.76x 0.01 3.8 £0.04 0.28 = 0.06
Fs 624+1.4 6.85+ 0.02 45 £0.07 0.45 £0.04
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TABLE 9: POST COMPRESSION PARAMETERS OF FORMULATIONS D; — Ds

S.no Weight Average Hardness Friability
variation(mg) thickness (kg/lem®) (%)
D, 550+15 6.14+ 0.02 3.3 £0.03 0.25+0.07
D, 549+ 1.3 6.11+ 0.03 4.6 +0.02 0.32+0.08
Ds 550+ 1.7 6.09+ 0.02 3.8 £0.04 0.35+0.03
D, 549+15 6.16% 0.015 4.2 +0.07 0.45+0.05
Ds 551+14 6.15+ 0.022 42 +0.04 0.25+0.02
The drug content of both Naproxen and

Pantoprazole in multilayered tablets was found to
be 96.5% and 103.2% respectively.

Release kinetics: The data suggested that the
release Kkinetics of the drugs Naproxen and
Pantoprazole follows first order drug release, as the
values of regression coefficient obtained were
highest for first order drug release profiles
(R°=0.998141).

In vitro Drug Release Profile:

120
100
g0
60

% dissolved
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FIG. 8: DISSOLUTION OF NAPROXEN CORE
TABLETS IN 0.1N HCI (D;-Ds)
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FIG. 9: DISSOLUTION OF NAPROXEN FROM
ENTERIC COATED TABLET
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SUMMARY: Calibration curves were plotted for
Naproxen and Pantoprazole in both the acidic and
basic media (0.1 N HCI and 7.4 pH phosphate
buffer). Five formulations D; - Ds were prepared
for Naproxen core tablets. The drug & excipients
powders showed average to poor flow properties.
Hence, granulation was performed. The granules
showed improved flow properties. The optimized
tablets had hardness of 3.5 kg/cm®. When
dissolution was performed for formulations D; to
Ds, the drug release studies has shown better results
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for formulation D; (96%). So D, was considered as
optimized core formulation, on which further
coatings were performed. The five different drug
layering formulations (F; — Fs) were coated over
the above layered tablets individually using three
different alkalizing agents.

As the stability of Pantoprazole was a function of
pH; and it rapidly degrades in acid media, we have
added the alkalinizing agents into the formulation
to create an alkaline environment of the enteric
coating formulation. The formulations (F; — Fs)
were subjected to dissolution studies in 0.1 N HCI
and 7.4 pH phosphate buffer as per the
specifications.

The formulation containing F1 Pantoprazole drug
layer has shown good result with 97.49 % of
Pantoprazole release and 98.9 % of Naproxen
release. The drug content of both Naproxen and
Pantoprazole in multi-layered tablets (optimized
formulation D;) was found to be 96.5% and
103.2% respectively. The data from the curve
fitting analysis of the drugs Naproxen and
Pantoprazole in the optimized formulation D;
showed that there is zero order drug release, as the
values of regression coefficient obtained were
highest for zero order drug release profiles.

CONCLUSION: More than 50 million adults have
Doctor-diagnosed Arthritis. Arthritis and other non-
traumatic joint disorders are among the five most
costly conditions among adults 18 and older.
NSAIDs, which are the most common drugs
suggested for Arthritis poses risk of stomach
ulceration. To overcome this, a proton pump
inhibitor is generally prescribed along, which
finally lead to an increase in the cost of treatment.
A combination product of desired drugs can both
reduce the treatment cost and improve the patient
compliance. In the present study, an attempt is
made to formulate a combination product of
Naproxen, a widely used NSAIDs, and
Pantoprazole, a proton pump inhibitor that is
capable of reducing gastric acid secretion, as a
multi-layered tablet. The prepared tablets contain a
Naproxen enteric coated core and Pantoprazole
coated around this. The results proved that the
prepared drug product releases both the drugs at
desired sites and with acceptable rates of release.
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