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Abstract

Purpose: To investigate the dissolution properties of various brands of naproxen in four dissolution
media in order to forecast their biological availability.

Methods: Dissolution tests were carried out in a dissolution tester with 48 tablets of different naproxen
brands in 900 mL of 0.1 M phosphate buffer, pH 7.4. Subsequently, the medium was modified with 600
mL of buffer plus 300 mL of cola drink, grapefruit or milk. Each sample was taken and brought to a
concentration approximating that of a reference solution. Absorbance at 332 nm was determined and
the dissolution, Q, was calculated (Q values = 80.0 + 5 % were acceptable).

Results: Dissolution in buffer was > 85 %. In cola drink, it was < 80 %, while in grapefruit juice, it was in
the range of 7 - 68 %. Using 2-way ANOVA, these media and the three naproxen brands showed
significant differences (F = 68.90, p = 0.0000; F = 23.18, p = 0.0000). With Fisher's LSD test, two of
these media contributed consistently to dissolution, and the three drug brands showed statistically
different dissolution profiles (p < 0.05).

Conclusion: Caution must be exercised cola drink, grapefruit juice and milk are used to administered
naproxen as the biological availability of the drug may be altered.
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INTRODUCTION

Naproxen is one of the most frequently
prescribed non-steroidal anti-inflammatory drugs
(NSAIDs) in the world. It is slightly soluble in
water (25 mg/L at 25 °C) [1,2].Thus, it has a low
degree of dissolution which affects its
bioavailability and bioequivalence. The degree of

dissolution can predict the availability of a drug
and its consistency from one lot to another [3].

It is also important to determine the bioavailability
of drugs administered orally, as well as their
bioequivalence and interchangeability [4]. If the
preferred route of administration is oral, it is
important that oral dissolution and absorption of
the drugs should be guaranteed. In vitro
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dissolution tests are officially wused to
demonstrate drug release, and should be
evaluated periodically, at least in generics and
similar drug forms [5,6]. If the differences
between generic and patent medicines are due
to inactive ingredients, and if some generic
formulations  eliminate  qualitatively  and,
sometimes quantitatively, the excipients of the
patent formulation, then this can affect their
interchangeability [7].

Regarding similar drugs, it is known that they are
generic preparations, which have not passed
bioequivalence and bioavailability tests, but have
emerged as successful commercial strategy,
which has made a business model in Mexico and
Latin America [8]. Although most drugs fulfill the
pharmacopoeia  dissolution  criteria, some
generics differ from patent forms, or even differ
amongst themselves [9]. The objective of this
study was to evaluate the in vitro percentage
dissolution of patent, generic and similar forms of
naproxen in different dissolution media that
could alter their speed of dissolution.

EXPERIMENTAL

Preparation of dissolution medium (0.1 M
phosphate buffer, pH 7.4)

Monobasic sodium phosphate (2.62 g, Jalmek
Cientifica®) and 11.50 g of anhydrous sodium
dibasic phosphate (Jalmek Cientifica®) were
weighed and transferred to a 1000 mL volumetric
flask, where they were dissolved in water. The
pH of the buffer was adjusted to 7.4 at 37 °C [9].

Preparation of reference solution (50 pg/mL
naproxen in 0.1 M phosphate buffer, pH 7.4)

This reference solution was prepared by
dissolving 10 mg of the active ingredient
(Naproxen sodium, Jalmek®) in 10 mL of 0.1 M
phosphate buffer, pH 7.4, in a 10-mL volumetric
flask. Then, 2.5 mL of the solution was made up
to 50 mL in a 50-mL volumetric flask with the
same phosphate buffer solution (MGA 0291) [9].
Finally, the absorbance of the reference solution
was determined at a wavelength of 332 nm.

Dissolution test in different media

To determine the percentage dissolution in
phosphate solution medium, one 550-mg tablet
of patent naproxen, generic or similar was put in
a Logan UDT-804 dissolution tester well
containing 900 mL of phosphate solution as
dissolution medium, and the instrument was
allowed operate at 50 rpm for 45 min (MGA
0291) [9]. The test was repeated using only 600

mL of phosphate solution and 300 mL of cola
drink, grapefruit juice or pasteurized whole milk,
under the same conditions.

At the end of each test (buffer, cola drink,
grapefruit and milk), 10 mL of solution was
filtered from each well, and 2.1 mL was taken
and placed in a 25-mL volumetric flask that was

gauged, in order to obtain a theoretical
concentration approximate to that of the
reference solution (50 pg/mL

naproxen/phosphate solution, 0.1 M pH 7.4). The
absorbance was determined at 332 nm in a
spectrophotometer with 1 cm cells, using
phosphate solution as an adjustment target. The
percentage dissolution of naproxen (Q) was
calculated using Eq 1.

Q = {100CD(An /Ae)}M ............ (1)

where C is the amount of naproxen per mL in the
reference solution, D the dilution factor of the
sample, M the concentration of naproxen
indicated on the label, A, is the sample
absorbance, while A is the absorbance of the
reference solution (Q = 80.0 % £ 5 % are
acceptable for a stage S1 [9].

The dilution factor (D) was calculated using Eq 2.
D = {(NTVm)(ViVa) Y. 2)

where D is the dilution factor of the sample, NT is
the number of tablets tested (1), Vi, is volume of
the dissolution medium (900 mL, V; is the filtered
volume (2.1 mL), and V, is the volume of the
dilution = 25 mL

In order to check the consistency of the results,
the test was carried out in duplicate (6 tablets per
test) in each drug brand, which resulted in the
analysis of a total of 48 tablets (12 for each
medium: buffer, cola drink, grapefruit and milk).
In each medium, the three types of medication
(patent, generic and similar) were analyzed.

Statistical analysis

The data were analyzed with SPSS statistical
software v19.0 [10]. Descriptive statistics such as
mean + SD, range, and percentage dissolution of
the different brands in the three dissolution
media, were obtained. To determine statistically
significant differences in dissolution of drug
brands in the different media, and the interaction
between them, a 2-way analysis of variance was
used. Multiple Range test (Fisher's LSD test)
was applied to determine homogeneity in the
dissolution media and the different drug brands.
The significance level for each test was set at p <
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0.05 and two tails. The coefficient of variation (%
CV) was calculated to determine if samples of
the buffer medium complied with the provisions

of “Farmacopea de los Estados Unidos
Mexicanos” (FEUM); CV < 3 % [9].

RESULTS

The data obtained from the percentage

dissolution of patent naproxen (Figure 1), generic
naproxen (Figure 2) and similar naproxen (Figure
3) in the three media presented lower values than
the pharmacopoeia limits acceptable to FEUM. It
should be noted that with the medium rich in
milk, it was not possible to obtain relevant data
due to the interference of milk with the
absorbance readings. The analyses with cola
drink, grapefruit juice and milk were carried out
with the purpose of investigating if the dissolution
was modified by the natural properties of these
media.
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Figure 1: Dissolution of patent naproxen in different
media. The results of all 6 tests in buffer medium
satisfied the dissolution percentage specified in
FEUM. In cola medium, tests 3 and 4 showed a
slightly lower value of 80 %, while in grapefruit juice all
tests presented lower values than the accepted
pharmacopoeia limits in FEUM
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Figure 2: Dissolution percentage of generic naproxen
in different media. Results from all 6 tests in buffer
medium satisfied the dissolution percentage specified
in FEUM, while in cola medium, tests 3 and 4 showed
values slightly lower than 80 %. In grapefruit juice, all
the tests presented lower values than the accepted
pharmacopoeia limits in FEUM
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Figure 3: Dissolution of similar naproxen. The results
of all the 6 tests in buffer medium satisfied the
specified dissolution percentage in the FEUM. Ditto for
cola drink, but with higher values than 100 % of the
dissolution percentage. In grapefruit juice, all the tests
presented lower values than the pharmacopoeia limits
acceptable to FEUM

Dissolution in phosphate buffer

Results from phosphate buffer complied with the
dissolution percentage established in FEUM (Q =
80 £ 5 %, with a range of 86.9 to 100.7 %), both
for the patent (Figure 1), generic (Figure 2) and
similar naproxen (Figure 3). The results were
consistent in the three analyzed products, in line
with the FEUM criteria. CV which was < 3 % for
all samples was also obtained as indicated in
Table 1.

In the patent and generic product tests, the
percentage dissolutions were < 80 for 2 out of 6
tests (Figures 1 and 2, tests 3 and 4,
respectively). The similar drug and most of the
patent and generic tests (except 3 and 4) yielded
values > 80 % (Figure 3).

Dissolution in grapefruit juice medium

For all the products analyzed, the results were
less than 80 %. The lowest value was observed
in generic naproxen, with a range of 1 to 7 %
(Figure 2). The highest values were obtained
with the similar brand (Figure 3), with percentage
dissolution in the range of 51 to 68 %. The most
consistent dissolution results were observed with
patent naproxen (Figure 1) and similar brand
(Figure 3), while a lower range was obtained with
the generic product (Figure 2).

Dissolution in milk-rich medium

It was not possible to calculate the dissolution
percentage due to the natural turbidity of milk
which resulted in interference with absorbance
readings. However, complete dissolution of the
tablets was observed in the dissolution tester
flasks.
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Table 1: Pharmacopoeial acceptance criteria for dissolution of patent, generic and similar naproxen in buffer

medium
Drug brand Stage Number of Mean Acceptance Accomplish CV (%)
units percentage criteria FEUM, 2016
dissolved FEUM, 2016
Patent S1 6 97.1558 % Q+5% v 2.6109
Generic S1 6 90.0875 % Q+5% v 2.4804
Similar S1 6 99.0058 % Q+5% v 0.8506

Two-way ANOVA (medium/brand) and its

contribution towards dissolution

The variance analysis of two factors i.e. media
and drug type and its contribution to percentage
dissolution, is shown in Figure 4. The dissolution
media (buffer, grapefruit juice and cola drink) and
drug brand showed significant values (F = 68.90,
p = 0.0000 and F = 23.18, p = 0.0000
respectively). In evaluating the interaction
between both factors, a significant value was
also obtained (F = 6.97, p = 0.0002). In order to
find out which medium and drug brand
accounted for the differences, a multiple range
test was performed (Fisher's LSD Test). The
results showed two homogeneous groups for the
dissolution medium (buffer and cola), and three
heterogeneous groups for the drug brand (p <
0.05; Figure 4).

(I
=

Percentage of dissolution
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Percentage of dissolution
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Figure 4: Multiple range chart. Clusters are shown for
the dissolution media type (B = buffer; G = grapefruit
juice; C = cola drink) and the drug brand (P = patent;
G = generic and S = similar)

DISCUSSION

The solution medium with phosphate buffer
stabilizes pH and osmolarity in a way that mimics
the isotonic nature of the human body [11],
creating a favorable environment to dissolve
naproxen. In this study, values of Q >80 £5 %
were obtained for the patent, generic and similar
brands of naproxen. Thus, the three brands of
naproxen fulfilled the FEUM specification for an
in vitro medium with similar conditions to those of
the human stomach. With respect to CV (range,
0.85 to 2.61 %), this medium also complied with
the provisions of FEUM.

Cola drink medium is a carbonated beverage rich
in phosphoric acid and sodium citrate, and
smaller amounts of sodium benzoate, as well as
sweeteners e.g. aspartame. The highly acidic
nature of this medium enhances its organoleptic
properties. Carbonation influences pH (2.3 to
2.6), resulting in carbonic acid which gives acid
media [12]. The excipients contained in naproxen
tablets are cellulose, sodium lauryl sulfate,
magnesium stearate and sodium carboxymethyl
starch, which are susceptible to erosion in an
acidic environment. This may explain the high
dissolution percentage in tests 1 (100.98 %), 5
(113 %) and 6 (124.5 %) of the patent drug, and
in test 5 (95 %) and test 6 (101.5 %) of the
generic brand.

However, in the similar brands, since they do not
have any of these excipients or have them in a
low concentration [7], they can also be highly
soluble, which is consistent with the results
obtained here. The lowest dissolution
percentages were shown by the patent and
generic forms of naproxen. There is evidence
that at higher concentrations of phosphoric acid,
there is higher hydrolysis of cellulose, a basic
ingredient used as excipient in the products
analyzed [13].

With respect to the CV (range of 21 to 5 %), the
results obtained with this medium do not comply
with the provisions of FEUM. However, this
medium need not strictly fulfill these provisions
since the FEUM criteria are for an in vitro
environment with similar conditions to those of
the human intestine (buffer). Nonetheless, this
test provides an initial evidence that a different
medium can modify the percentage dissolution
and the release of a drug. When the test was
repeated, the results were consistent. However;
since this medium is not considered in FEUM as
a medium similar to the human stomach
conditions, only stage S1 was made, and it was
non-compliant.

The greatest variability in the value of Q for all
the presentations of naproxen (patent, generic
and similar) was observed in the grapefruit juice
medium. The main components of grapefruit are
flavonoids with antioxidant compounds such as

Trop J Pharm Res, June 2019; 18(6): 1158



Rocha-Alcaraz et al

hesperidin, naringin, rutin and ascorbic acid [14].
Most studies on the effect of grapefruit on drugs
focused on its metabolic interaction with
cytochrome P-450 3a4, without evaluating the
effect it has on the dissolution of these drugs
[15].

However, previous studies have reported that
low pH values affect the polymer chain by
hydrolyzing the glucosidic bonds of cellulose,
which causes the degradation of the excipient in
the tablet [16]. Thus, higher dissolution values
were expected, contrary to what was observed.
Indeed, this medium presented the lowest
dissolution values. It is possible that the chemical
interaction of agglutination occurred between the
highly hydrophobic active principle and the
proton-rich milieu of the grapefruit medium,
thereby decreasing the Q value expected (= 80
%). It should be noted that in the dissolution
tester flask, there were tablet remnants.
Therefore, it may be assumed that manufacturing
factors influenced the dissolution, and probably,
the agglutination of the product. Like the cola
drink medium, grapefruit juice is not considered
in FEUM as a medium similar to the human
stomach conditions. Thus, it is not expected to
meet its criteria. Only one stage S1 was
performed.

In the milk-rich medium tests, the absorbance
values could not be accurately determined, due
to the interference from the turbidity of the
medium. This is as a result of high
concentrations of proteins, lipids and minerals in
dairy products [17], and the interaction of the
medium components with casein, forming
structural complexes that hinder proper readings
[18]. As in the previous two tests, only stage S1
was carried out.

Regarding the multi-range test, a statistical
difference was observed when contrasting the
buffer-grapefruit and grapefruit-soda drink media.
Therefore, it was deduced that grapefruit juice
significantly altered the percentage dissolution of
naproxen. However, it is necessary to carry out
more studies to confirm this assumption, since
grapefruit juice is a complex natural product
consisting of three main chemical substances:
furanocoumarins  (bergamotine and  6,7,-
dihydroxibergamotine), flavanones (nharingenin,
naringin, hesperidin) and polimethoxiflavones
(tangeretina and nobiletina) [19]. Naringin
constitutes approximately 70 % of the flavonones
in grapefruit juice, while the remaining 30 %
comprises hesperidin and naringenin. Naringin
and hesperidin react poorly with compounds of
low solubility (such as naproxen). This may

explain the agglutination of the tablets observed
in the dissolution tester flasks [20].

In the analysis of the effect of drug type (patent,
generic or similar) on dissolution, a statistically
significant difference was obtained. This agrees
with the results of another study in which the
dissolution of some NSAIDs was also analyzed.
In the present study, the generic drugs were
diluted differently from the patent form [5]. With
respect to the similar brand, this is probably the
first study to report differences in dissolution
between different media, as preliminary evidence
that medium components affect percentage
dissolution. This may guestion the
interchangeability between patent, generic and
similar drugs [5].

However, it should be mentioned that, one of the
main limitations of this study was that the
methodology used is for  determining
pharmacopoeia limits using buffer as a medium,
but it is not suitable for modified media
containing other components such as drink cola,
grapefruit juice or milk. However, it is believed
that this test can demonstrate that in vitro
dissolution with modified media can be used to
confirm alterations in the dissolution of drugs
administered orally.

CONCLUSION

In vitro dissolution media modified with cola
drink, grapefruit juice or milk show alterations in
the dissolution characteristics of naproxen. More
studies are needed to confirm these results in
vivo. Nonetheless, these findings reveal that
these foods/media might alter the biological
availability of drugs administered orally, as well
as the consistency and interchangeability of
drugs from one lot to another.
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