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ABSTRACT

The present study aimed to compare the in vitro equivalence of different generic tablets of naproxen available with the
reference brand in the Bangladesh pharmaceutical market. As naproxen belongs to the biopharmaceutics classification
system (BCS) class-Il drug, interchangeability among commercial products must be demonstrated through in vivo
bioequivalence studies. However, in Bangladesh, such studies remain to be performed. An in vitro dissolution study
was carried out using the United States Pharmacopoeia (USP) paddle method and the dissolution profiles of the generic
products were compared with the reference brand. Quality assessment parameters including hardness, friability, and
disintegration time were also evaluated. Similar dissolution behavior was found with the reference brand using a model-
dependent and model-independent approach (f; > 50, f; < 15), and there were no statistically significant differences. The
best-fit kinetic model was the Korsmeyer-Peppas model, indicating that the mechanism of dissolution is predominantly
diffusion. All commercial products complied with the official specifications. The results from this study suggest that
the naproxen formulations available in the Bangladesh market could be used interchangeably for optimal therapeutic
outcomes.
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INTRODUCTION

he oral solid dosage form is the most commonly
T used type of medicine, owing to ease of

administration, high patient compliance, cost
effectiveness, reduced sterility constraints, and flexibility
of dosage form design (1). In spite of having tremendous
advantages in oral administration, the major challenge
with the design of oral dosage forms lies with the
difficulty to control and maintain the quality in terms
of oral absorption in the gastrointestinal (Gl) tract due
to its complex process of absorption (2). According to
the World Health Organization (WHO), quality in the
pharmaceutical industry is an important topic, especially
concerning the assurance of delivering medicines to
people with health needs in the developing world, where
the chance of counterfeited medicines is a big challenge
(3, 4). Dissolution studies of pharmaceutical solids has
become one of the most important tools for analysis in
drug product development and manufacturing, as well as
in the regulatory assessment of pharmaceutical quality
(5). The determination of drug dissolution in vitro is one

of the key elements in the pharmaceutical development
process and is sometimes used as a surrogate for the
assessment of bioequivalence (6).

Naproxen is a highly potent non-steroidal anti-
inflammatory drug used to treat osteoarthritis,
rheumatoid arthritis, and postoperative pain (7 8).
Consequently, naproxen has effective analgesic and
anti-inflammatory properties with low gastrointestinal
toxicity (9). Despite attractive pharmacological
properties, naproxen has very poor aqueous solubility
(0.025 mg/mL) and is a Biopharmaceutics Classification
System (BCS) class Il drug, whose bioavailability is rate-
limited by its dissolution (10). In Bangladesh, around 50
generic products of naproxen are available. Among them,
approximately seven products occupy the 90% share of
naproxen. Due to the availability of many options, it is a
big challenge for the regulatory authorities to assess and
ensure the quality of products circulating in the market in
order to expose substandard/counterfeit drugs (11).

The objectives of the present study were to assess the
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quality and dissolution profile of commercially available
naproxen tablets with respect to the reference brand.
The dissolution behavior was also treated analyzed using
a model-dependent and model-independent approach to
clarify the interchangeability of the commercially available
naproxen tablets.

MATERIALS AND METHODS

Materials

Naproxen with a potency of > 98% was generously supplied
by Square Pharmaceuticals Ltd., Dhaka, Bangladesh. All
other chemicals and reagents were of analytical/reagent
grade and purchased from commercial sources.

Collection of Samples

Top-selling products of naproxen were selected based
on data collected from local pharmacies. Samples were
purchased from six different batches of every product from
the model pharmacy and model medicine shops located in
Dhaka city and coded randomly as NAP1-NAP6. Naprosyn
(Roche) was used as the reference brand to compare with
commercially available products in Bangladesh market.

The samples were properly checked for their physical
appearance, name of the manufacturer, batch number,
manufacturing date, expiry date, manufacturing license
number, drug administration registration number, and
maximum retail price at the time of purchase. Regarding
sampling strategies, WHO guidelines for conducting
a quality survey of medicines were followed (12). The
experimental part of this work was undertaken at
Stamford University Bangladesh.

Determination of Naproxen

The amount of naproxen in the commercial products and
in reference brand were determined using a UV-visible
spectrophotometer (UV-800, Shimadzu, Japan) at 262 nm
according to a previous report (13). Potency was calculated
against the standard solution as follows:

Absorbance of sample  concentration of standard solution

Absorbance of standard concentration of sample solution

Construction of Standard Curve

A stock solution of naproxen (1 mg/mL) was prepared
in ethanol. The stock solution was then diluted with
dissolution media to prepare working solutions just
before use (0.1-1.0 mg/mL). Naproxen concentration was
analyzed by UV-spectrophotometer. The mean regression
equation of standard calibration curves was y = 0.02162x
— 0.0117 (Fig. 1). Linear regression was significant (R?
= 0.9939; p = 0.0001). The 95% confidence interval (Cl)
estimated for the value of the intercept was -0.02032 to
-0.003142.
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Figure 1. Calibration curve of naproxen reference standard.

X potency of standard (%).

Preparation of Dissolution Media

The dissolution media was simulated intestinal fluid (SIF)
without enzymes prepared by mixing sodium dihydrogen
phosphate and disodium hydrogen phosphate with
dilution to achieve a final concentration 0.05 M with a pH
of 6.8.

Preparation of Samples

Ten tablets of each commercial product of naproxen and
the reference brand were weighed and finely powdered.
A portion of powder equal to 10 mg of naproxen was
transferred to a 100-mL volumetric flask and dissolved in
100 mL of dissolution media and filtered through 0.4-um
filter paper.

Physical Evaluation of Naproxen Samples

The tablet samples were physically evaluated (including
thickness, diameter, hardness, friability, and weight
variation) according to reported methods specified in the
United States Pharmacopeia (14).

In-vitro Disintegration Time

The disintegration test was performed in distilled water
using a USP disintegration apparatus at 37 £ 0.5 °C. The
disintegration time was recorded when no particles
persisted on the vessel, i.e., complete disintegration of
naproxen samples was attained.

Dissolution Test of Naproxen Samples
Dissolution tests of naproxen samples were performed
using a USP apparatus 2 (paddle) (Electrolab, EDT-08Lx,
USA) for 60 min in 900 mL of SIF (pH 6.8) at 37 + 0.5
°C (n = 12 tablets of each product). Samples (0.5 mL)
were collected at 10, 20, 30, 40, 50, and 60 minutes to
measure the amount of naproxen. In brief, each sample
was put into the dissolution vessel containing 900 mL of
Dissolution
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dissolution media and centrifuged at 10,000 x g for 5
min. The supernatant was diluted with an equal volume
of dissolution media. The sampled dissolution media was
not replaced.

Model-Independent Fit Factors

Fit factors are used to compare the dissolution profiles
of test products with a reference product. The difference
factor (f;) calculates the percentage difference between
the two curves (reference and test drug) at each time
point, whereas the similarity factor (f;) is a logarithmic
reciprocal square root transformation of the sum of
squared error and is a measurement of similarity in the
dissolution percentage (3).

The parameter f;, whose values range from 0 to 15, and
f>, whose values range from 50 to 100, ensure sameness
or equivalence of the two dissolution curves for test and
reference samples.

Another model-independent factor is mean dissolution
time (MDT). MDT was determined from the accumulative
curves of dissolved naproxen as a function of time (15).

In addition, we calculated dissolution efficiency (DE),
which is the area under the dissolution curve within a
time range (3).

Model-Dependent Dissolution Kinetics

To investigate the in vitro release kinetics and mechanism
of drug release, various mathematical model-dependent
kinetic models are used to describe drug dissolution from
solid dosage forms (16). The kinetics of the dissolution
process were studied through the analysis of dissolution
data using several kinetic models, such as zero-order,
first-order, Hixson-Crowell’s cube root law, Higuchi’s
square root equation, Korsmeyer-Peppas, and Weibull’s
distribution. The best fitting equation uses coefficient of
determination (R?), adjusted R?, and Akaike information

criterion (AIC) (17). The best-fit model is considered to
have the lowest AIC and highest R? adjusted values (18).

Statistical Analysis

Alldataarerepresented as mean + standard deviation (SD)
unless otherwise stated. The mathematical parameters
were calculated using DDSolver (add-in for Microsoft
Excel) (19). Graphs were created using GraphPad Prism
6.0 (GraphPad Software, LaJolla, CA).

RESULTS AND DISCUSSION

Physical Evaluation of Naproxen Samples

Based on results of physical evaluation (i.e., potency,
thickness, diameter, hardness, friability, and weight
variation), all samples complied with the USP guidelines,
and there were no significant differences when test
products were compared with the reference brand
(Table 1) (14). From the results of the disintegration test
(Table 1), it was found all samples complied with USP
guidelines and disintegrated within 10 min except for
samples 2 and 4.

In Vitro Dissolution Studies

In commercial manufacturing of pharmaceuticals, the lot-
to-lot quality assurance is used to adopt the development
of new formulations, secure homogeneity between lots
or batches, and to confirm acceptable drug performance
even after being modified (20). Among all in vitro quality
parameters, the dissolution test is predominantly the
best one to compare formulations, as dissolution is the
rate and extent of drug substance that is transferred into
solution from the solid matrix (21). The dissolution test
helps in characterizing in vitro release rates and quality
control, which can serve as a substitute for bioavailability
and bioequivalence (22, 23).

Results of dissolution studies of naproxen samples are
presented in Figure 2. All samples dissolved completely
or almost completely within 60 min. Per the USP

Table 1. Physical and Non-Compendial Parameters of Naproxen (NAP) Samples

Reference 5.97 £0.02 12.57 £0.01 1.01+0.39 0.42 6.8+0.36 1.74 £0.56 99.33+0.58
NAP1 5.90 £0.05 10.83 £0.05 3.12+0.19 0.13 8.1+0.56 1.43+0.04 99.39+0.81
NAP2 6.46 £0.11 12.57 £0.03 2.26 £0.46 0.01 7.6 £0.47 12.6 +0.57 100.8 +1.98
NAP3 6.48 £0.12 13.83 £0.06 2.49+0.38 0.02 8.0+0.43 6.98 +£0.32 96.68 + 0.56
NAP4 7.07 £0.04 17.33+2.33 3.18+0.25 0.74 7.5+0.62 11.7+0.59 100.7 £1.45
NAPS 6.93 £0.08 10.82 £0.03 2.87+0.43 0.06 6.6 +0.63 6.95+0.39 96.24 +0.57
NAP6 17.2+0.10 17.35+0.79 1.54+0.57 0.10 7.1+£0.43 5.38+0.19 96.94 +0.59

Data are expressed as mean + SD.
an =10;°n=6;n=3.
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specification, naproxen must release at least 80% within
45 min using USP apparatus type Il (24). In the present
study, all commercial products and the reference brand
satisfied the USP specification (Table 2).

100
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Figure 2. Comparative in vitro dissolution profiles of naproxen (NAP)
samples at pH 6.8. Data are expressed as mean * SD. Ref: Reference.

Table 2. Various Dissolution Related Model-Independent Fit Factors
of Naproxen (NAP) Samples

Reference 14.32 5.01 29.45 73.3
NAP1 76.6 2.59 13.18 5.13 27.15 75.1
NAP2 54.4 10.08 19.93 11.32 40.38 65.6
NAP3 73.7 3.25 16.09 6.70 33.16 70.7
NAP4 71.7 3.38 15.47 8.05 31.60 72.1
NAP5 70.6 3.76 16.50 5.94 33.96 70.3
NAP6 90.0 1.46 13.72 4.90 28.22 73.9

Data are expressed as mean values.

f2, Similarity factor; f;, difference factor; MDT, mean dissolution time; Tsg,
time to dissolve 50% of NAP; Tgg, time to dissolve 80% of NAP; and DE,
dissolution efficiency.

Dissolution Profile Comparison

Dissolution profiles of naproxen samples including the
reference brand were subjected to non-linear regression
analysis by fitting both model-dependent and model-
independent factors. According to the U.S. Food and
Drug Administration (FDA), fit factors are important
quantitative parameters used to explain and compare
the dissolution profiles of different samples with the
reference brand. As per FDA guidelines, f, is more
accurate in identifying the dissimilarities among samples;
an f, value greater than 50 indicates identical dissolution
behavior. On the other hand, f; clarifies the difference

in the dissolution profile based on sampling times. The
f1 value must be in the range of 0-15 to be considered
identical dissolution behavior (25). Additional model-
independent parameters used to assess similarity in the
present study were DE and MDT. The test products are
considered to be similar when their DE and MDT values
are close to that of reference product (within + 10% is
often acceptable) (25).

Results of model-independent analysis are presented in
Table 2. Based on fi, f>, DE, and MDT values, all samples
were considered to be similar to the reference product.
This implies that the top-selling naproxen samples can be
considered as interchangeable with the reference brand
in Bangladesh.

In addition, several model-dependent kinetic models
were evaluated by fitting experimental data of the
reference and other products to explain the overall
release of naproxen from samples. The model that gives
a high R? value is considered as the best-fitted model
of the release data (26). In Table 3, the R?, adjusted R?,
dissolution coefficient (n), and AIC values are presented
to identify and clarify the best-fit model. The Korsmeyer-
Peppas model provides the highest R? and adjusted R?
and the lowest AIC values. This model is generally used
to analyze the release of pharmaceutical exponents,
which is indicated for polymeric dosage forms when
the release mechanism is not well known or when more
than one type of release phenomena is involved (27).
The Korsmeyer-Peppas model also resulted in an n value
lower than 0.45 for all formulations, indicating that the
mechanism of dissolution is predominantly diffusion
(Fickian case — 1) (17). From the results of kinetic analysis,
it can be declared that all naproxen samples including the
reference brand in this study exhibited a similar release
mechanism.

CONCLUSION

This study attempted to compare the quality and
dissolution behavior of generic naproxen tablets with
the reference brand available in Bangladesh. The quality
evaluation showed that all naproxen samples met the USP
specifications. The dissolution evaluation showed that all
naproxen samples were similar to the reference brand.
Therefore, naproxen tablets available in the Bangladesh
pharmaceutical market have similar biopharmaceutical
behaviors as the reference brand and may be used
interchangeably.
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Table 3. Determination of Dissolution Kinetics of Naproxen (NAP) Samples Using Model-Dependent Release Models

R 0.7620 0.7499 0.8293 0.7797 0.8077 0.7591 0.7651
Adjusted R2 0.7144 0.6999 0.7952 0.7356 0.7692 0.7109 0.7181

Zero Order
Ko 2.029 2.071 1.859 1.973 2.026 1.953 2.047
AIC 50.87 51.35 48.05 50.10 49.68 50.45 50.90
R? 0.8897 0.8891 0.9680 0.8557 0.9347 0.8084 0.8875
Adjusted R? 0.8621 0.8613 0.9600 0.8197 0.9184 0.7605 0.8593

First-Order
Ky 0.065 0.071 0.046 0.058 0.060 0.058 0.066
AIC 36.61 33.99 33.17 37.00 29.43 38.74 36.35
R? 0.9843 0.9877 0.9964 0.9656 0.9918 0.9480 0.9803
X Adjusted R 0.9804 0.9846 0.9955 0.9571 0.9898 0.9350 0.9754

Higuchi
Kn 13.88 14.18 12.62 13.46 13.79 13.35 13.99
AIC 38.95 39.45 31.64 37.73 34.60 39.11 38.88
R 0.9540 0.9767 0.9904 0.9242 0.9923 0.8900 0.9614
Adjusted R2 0.9424 0.9709 0.9879 0.9053 0.9904 0.8625 0.9518
Hixon-Crowell
Ky 0.017 0.018 0.012 0.015 0.016 0.015 0.017
AIC 40.55 38.62 38.34 40.89 35.74 42.28 40.16
R? 0.9739 0.9864 0.9971 0.9665 0.9946 0.9447 0.9629
Adjusted R? 0.9674 0.9830 0.9963 0.9582 0.9933 0.9309 0.9537
Korsmeyer- Kip 30.59 31.94 20.61 27.51 24.37 29.71 30.37
Peppas
n 0.284 0.278 0.366 0.305 0.345 0.281 0.288
AIC 24.40 19.86 12.71 27.58 13.46 29.42 25.38
R 0.8963 0.9354 0.9749 0.8944 0.9740 0.8622 0.8886
Weibul Adjusted R2 0.8704 0.9193 0.9687 0.8680 0.9674 0.8278 0.8608
eibu

B 0.638 0.686 0.715 0.644 0.802 0.581 0.658
AIC 32.14 29.35 25.16 32.76 25.88 33.50 32.85

R?, correlation coefficient; adjusted R? adjusted correlation coefficient using nonlinear regression; kg, zero-order release constant; k;, first-order release
constant; Ky, Higuchi rate constant; Ky, Hixson—Crowell kinetics constant; Ky, Korsmeyer release rate constant; n, diffusion coefficient; 8, shape parameter;
AIC, Akaike Information Criteria.

Bangladesh for generously providing the naproxen 3.
reference drug.
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