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Abstract

The aim of this work was to compare the dissolution behaviour of six diclofenac sodium prolonged release tablets of different brands obtained
f pients. The
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rom the national market. The formulations contain the same amount of drug substance but different types and/or amount of exci
nfluence of these differences in formulation on the release characteristics of the dosage forms was evaluated on the European Ph
pparatus 2 (paddle) employing eight different dissolution media in the pH range 1.2–8. Friability and hardness were tested too a

he European Pharmacopoeia.
Dissolution profiles obtained from the studied formulations showed that the release characteristics vary considerably amon
anufacturers and that even identical formulations show rather dissimilar release profiles in all the studied media. Use of both S
ancreatin and SIF without pancreatin containing 1% (w/v) Tween 20 resulted in strong discrimination among products.
A correlation between friability and hardness and in vitro dissolution was evidenced for two formulations having identical e

omposition.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Oral solid dosage forms are the most widely used formu-
ations for new and existing prolonged release products and
re still the preferred administration route for many drugs.
rolonged release systems offer many clinical advantages

ncluding reduced dosing frequency with improved patient
ompliance, reduced fluctuations in drug plasma concentra-
ions with lower incidence of side effects and possible en-
anced effectiveness.

Diclofenac sodium is a potent non-steroidal anti-
nflammatory drug (NSAID) with pronounced analgesic and
ntipyretic properties. It is widely used in the long-term treat-
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ment of degenerative joint diseases such as rheumatoid a
tis, osteoarthritis and ankylosing spondylitis. Neverthele
produces a relatively high incidence of gastrointestinal
effects due to the physicochemical action on the gastric
cous[1] and the inflammatory action on both small bowel
the colon[2,3]. Due to these adverse effects and its shor
ological half life[4], diclofenac sodium is an ideal candid
for prolonged release preparations.

Diclofenac sodium has weak acidic properties (pKa about
4) and its solubility depends on the pH of the medium.
slightly soluble in water, very slightly soluble in phosph
buffer at pH 6.8 and practically insoluble in hydrochlo
acid at pH 1.1[5–7]. Based on the Biopharmaceutics Cla
fication System (BCS), it can be classified as a Class II d
BCS is a scientific framework for classifying drug substan
based on their aqueous solubility and intestinal permeab
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Table 1
Excipient composition of the investigated formulations (100 mg diclofenac sodium per tablet)

Formulation Excipient composition

F1 Colloidal anhydrous silica, cetyl alcohol, magnesium stearate, povidone, sucrose, hydroxypropyl methylcellulose, iron oxide red, polysor-
bate 80, talc, titanium dioxide

F2 Dextranes, microcrystalline cellulose, hydroxyethylcellulose, hydroxypropyl methylcellulose, magnesium stearate, polyethylene glycol
3350, titanium dioxide (171), iron oxide red (E 172), carnauba wax, iron oxide yellow (E 172)

F3 Magnesium stearate, iron oxide, talc, polyvinylpyrrolidone, hydroxypropyl methylcellulose, titanium dioxide, mannitol, microcrystalline
cellulose, diethyl phthalate

F4 Lactose, hydrogenated ricinum oil, talc, mannitol, polyvinylpyrrolidone, microcrystalline silica, methacrylic copolymers, magnesium
stearate, polyethylene glycol 4000, titanium dioxide, iron oxide yellow

F5 Microcrystalline cellulose, lactose, starch, magnesium stearate, polyvinylpyrrolidone, hydroxypropyl cellulose, diethyl phthalate, cellu-
lose acetate phthalate, titanium dioxide

F6 Lactose, hydrogenated ricinum oil, talc, mannitol, polyvinylpyrrolidone, microcrystalline silica, methacrylic copolymers, magnesium
stearate, polyethylene glycol 4000, titanium dioxide, iron oxide yellow

the main parameters for influencing rate and extent of absorp-
tion of a drug substance through gastrointestinal membranes
and having significant influence on its bioavailability[8,9].
Class II drugs are defined as those with high permeability
but whose solubility in aqueous media is not sufficient for
the whole dose to be dissolved in the gastrointestinal tract.
For these substances dissolution is therefore the rate limiting
step to absorption. The choice of medium for in vitro dis-
solution tests is therefore expected to play a very important
role in the dissolution of Class II drugs as it can depend on a
wide variety of factors such as pH, ionic strength, buffer ca-
pacity, presence of surfactants, agitation and medium volume
[10].

A medicinal product is composed of drug substance and
excipients. The proportion between them, the type of excip-
ients and the manufacturing method of the final product are
chosen based on the content, the physicochemical and the
bulk properties of the drug and on its absorption properties.
Taken as a whole this gives each product certain dissolution
characteristics. The quality of a dosage form is continuously
improved during the different development phases of a new
drug product and dissolution test represents a reliable tool to
evaluate formulation and processing variables that may influ-
ence the bioavailability of the drug. European Union regula-
tions require the release rate to be tested in vitro during the
development phase of controlled release formulations by dis-
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playing an important role in the bioavailability of the drug and
questioning the interchangeability of the products.

2. Materials and methods

2.1. Materials

Analytical grade potassium dihydrogen phosphate,
sodium chloride, sodium hydroxide, hydrochloric acid and
methanol were purchased from Sigma-Aldrich (Milano,
Italy). Tween 20 was from ICN Biomedicals Inc. (Ohio,
USA).

Deionised water obtained from an Ultra Pure Water Sys-
tem Type Integra (SG, Barsbüttel, Germany) was used for the
preparation of dissolution media.

Diclofenac sodium reference substance was supplied by
Sigma-Aldrich.

Six diclofenac sodium prolonged-release tablet formula-
tions (F1–F6) were obtained from pharmacies in the national
market. They all contain 100 mg of diclofenac sodium but
greatly differ as concerns the excipient composition.Table 1
summarizes the investigated products.

2.2. Methods
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olution analysis under various conditions. For routine
rol of scale-up and production batches the testing cond
ith the higher discriminatory power should be chosen to
ure both batch to batch consistency and that the disso
rofiles remain similar to those of pivotal clinical batch
urthermore, a dissolution test can be used to suppo
ioequivalence of an essentially similar product[11,12].

The aim of this work was to compare the dissolu
ehaviour under various experimental conditions of six
lofenac sodium prolonged release tablets of different br
btained from the national market. The formulations con

he same amount of drug substance but different types a
mount of excipients such as diluents, disintegrants, l
ants, binders, surfactants. These differences in formul
ould influence the release characteristics of the dosage
.2.1. Dissolution test
Selection of the dissolution testing conditions was b

n EMEA guidelines (11, 12). For all dissolution tests the
opean Pharmacopoeia (Ph. Eur.) apparatus 2 was used
le method), employing 900 ml of dissolution medium

emperature of 37± 0.5◦C and a rotational speed of 100 rp
The dissolution system was fitted with a DISTEK PR

IERE 5100 dissolutor (Distek Inc., New Jersey, USA)
P 89092A 7-channel peristaltic pump (Agilent Techn
ies Italia S.p.A., Roma, Italy), PC directed control thro

he Idis EE software (Icalis Data System Ltd., UK). Relea
ercentages of the active ingredient were automatically
ured every 15 min up to 24 h at the maximum absorp
avelength for each dissolution medium (ranging from

o 286 nm) using an HP 8452A diode array detector (
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ilent Technologies Italia S.p.A.) equipped with a linear 7-
cell transporter. The flowcell pathlength was 1 mm. Filtra-
tion of aqueous samples was performed on-line on What-
man GF/C (1.2�m) filters (Whatman, Kent, England). Check
for adsorption to the filters revealed no significant loss of
drug.

2.2.2. Composition of dissolution media
The composition of dissolution media was chosen in such

a way to cover the physiological pH range. Where appropri-
ate, suitable amounts of surfactant were added to enhance
solubility.

• Medium A: simulated intestinal fluid (SIF) without pan-
creatin (pH 6.8) according to USP 27[13].

• Medium AT1: medium A added with Tween 20 (1%, w/v).
• Medium AT3: medium A added with Tween 20 (3%, w/v).
• Medium B: phosphate buffer solution (pH 8.0; 0.02 M)

(Ph. Eur.)[14].
• Water: deionised water.
• Medium C: phosphate buffer solution, pH 4.5 (Ph. Eur.)

[14].
• Medium CT: medium C added with Tween 20 (1%, w/v).
• Medium D: simulated gastric fluid (SGF) without pepsin

(pH 1.2) according to USP 27[13].
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Fig. 1. Mean dissolution profiles of diclofenac sodium from formulations
F1–F6 in medium A.

100 rpm. Some differences in the release were observed,
the higher rotational speed providing better discrimination
among the dosage forms and a lower variability of the data.
All experiments were therefore run at 100 rpm, furthermore
preventing the possibility of “coning” which sometimes oc-
curs at lower rpm and whose relevance in vivo is rather ques-
tionable[17,18]. The dissolution profiles obtained more ac-
curately reflected the dissolution of the tablets, not system
hydrodynamics, and demonstrated a more rugged test proce-
dure.

3.2. Dissolution profiles

Figs. 1–6show the mean release profiles for F1–F6 for-
mulations in the selected dissolution media. Each dissolution
experiment was performed in triplicate on six tablets. Stan-
dard deviations (S.D.) of diclofenac sodium percent release
are shown inFig. 7. Dissolution profiles are presented in the
0–15 h time range.

3.2.1. Dissolution in medium A
All the formulations reached the plateau within 15 h (ap-

prox. 85–100% of label strength) with the exception of F6
whose dissolution profile was an almost straight line that did
not reach the plateau within 24 h (Fig. 1). Dissolution profiles

F ions
F

.2.3. Calibration curves
Calibration curves for diclofenac sodium reference s

tance were obtained by measuring the absorption in
issolution medium (A, AT1, AT3, B, CT) at the maximum ab
orption wavelength. Due to the low solubility of diclofen
odium in media C and D, data from the calibration curve
ained in medium A were used. Standards were prepar
he concentration range 0.001–0.17 mg/ml. Absorptivity
es were calculated and employed in the analysis soft
he linearity of the calibration curves was confirmed ove
oncentration range 5–150% dissolution of the drug.

.2.4. Hardness
Hardness was investigated by the “Resistance to cru

f tablets test” according to the Ph. Eur.[15] on a table
ardness tester (Schleuniger, Thun, Switzerland).

.2.5. Friability
Friability was investigated by the “Friability of uncoat

ablets test” according to the Ph. Eur.[16] on a TAR Table
riability Tester (Erweka Italia, Milano, Italy).

. Results and discussion

.1. Influence of the rotational speed on the dissolution
ehaviour

Dissolution profiles of all formulations in medium
btained at 50 rpm were compared with those obtaine
ig. 2. Mean dissolution profiles of diclofenac sodium from formulat
1–F6 in medium AT1.
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Fig. 3. Mean dissolution profiles of diclofenac sodium from formulations
F1–F6 in medium B.

Fig. 4. Mean dissolution profiles of diclofenac sodium from formulations
F1–F6 in water.

for formulations F2 and F3 were similar each other while F4
showed a lower release rate during both the initial and the
final tract of the dissolution test. F5 showed a higher release
rate reaching the plateau within 6 h (approx. 95% of label

Fig. 5. Mean dissolution profiles of diclofenac sodium from formulations
F1–F6 in medium C.

Fig. 6. Mean dissolution profiles of diclofenac sodium from formulations
F1–F6 in medium A after a 2 h period in medium D.

strength). The dissolution curve for F1 showed a pronounced
sigmoidal shape. Initially, the slope increased up to an inflec-
tion point followed by an increase in the slope thereafter. The
change of slope occurred during the 3–5 h dissolution time

Fig. 7. Standard deviations of diclofenac sodium percent release in the selected dissolution media. Symbols are the same as inFigs. 1–6.
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range during which the tablets breakage was observed lead-
ing to an increase in the surface exposed to the dissolution
medium with a consequent increase in the dissolution rate.
The external geometry of the other formulations essentially
remained unchanged during the drug release process.

Obtained results showed that medium A provides a good
discrimination among the different formulations, particularly
as concerns the shape of the dissolution profiles. With the ex-
ception of formulation F6, little differences in the release
extent were observed at the end of the test. The observed
differences in dissolution profiles can be ascribed to a com-
bination of factors: different manufacturing processes, differ-
ent excipient composition, variability in particle size of the
active ingredient. Micronization and surfactants added to the
formulation can lead to an increase in the surface area of drug
available for dissolution. The behaviour described for formu-
lation F1 was probably due to the presence of polysorbate 80
which enhances the tablet wettability thus leading to a faster
solvent penetration and a higher rate of tablet disaggregation
[19].

3.2.2. Dissolution in medium AT1
Upon adding a surfactant to the dissolution medium the

surface tension is lowered thus improving the penetration
process of the tablet by the dissolution medium and enhancing
the solubility of the active ingredient. Products showed in fact
a
t
E ium
A tion
w ame
t unt
a ce of
t viden
f the
t lost
t e rate
( ults
s n
a tion
p hose
o

3
ium

a ith th
e ined
a dis-
s ble
s urve
f

he in-
c in the
d ili-
s bove
C

3.2.4. Dissolution in medium B
As expected on the basis of solubility data, a general in-

crease in the dissolution rate and extent at pH 8.0 compared
to pH 6.8 was observed for all formulations (Fig. 3). Only F3
showed a slight decrease in the dissolution rate and F6 did
not reach 100% release within the test period. Formulation
F1 showed a sigmoidal profile as in medium A due to the
breakage of tablets.

3.2.5. Dissolution in water
The dissolution profiles obtained in water were well sepa-

rated but similar to each other in shape. All the formulations
released between 80 and 100% within 7 h and showed faster
releases than those obtained both at pH 6.8 and 8.0 during
the first 4 h period (Fig. 4). The presence of steps in the curve
for F6 in the 5–7 h time range was due to the breakage of the
tablets following their swelling and subsequent impact with
paddles.

Water is often used as the dissolution medium but is not
always suitable for several reasons: the quality of water can
vary depending on the source of water, the surface tension
may be variable and depends on the excipients in the for-
mulation and the pH value is inherently difficult to measure
because it can vary from day to day and may also change dur-
ing the run depending on the active substance and excipients
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higher dissolution rate and extent in medium AT1 compared
o medium A releasing more than 90% within 10 h (Fig. 2).
ven formulation F6, whose dissolution profile in med
was an almost straight line reaching only 40% dissolu
ithin 10 h, released 80% of label strength within the s

ime in medium AT1. Only F5 released about the same amo
t the same rate as in medium A. As expected, the influen

he surfactant on the release extent increase was more e
or non-matrix formulations F4 and F6. No breakage of
ablets was observed for F1 whose dissolution profile
he typical sigmoidal shape and showed a higher releas
100% of label strength within 6 h). In general, the res
howed that also medium AT1 provides a good discriminatio
mong the different formulations. Nevertheless, dissolu
rofiles were more similar in shape each other than t
btained in medium A.

.2.3. Dissolution in medium AT3
By addition of a higher amount of surfactant to the med

general decrease in the release extent was observed w
xception of F4 and F5 whose dissolution curves rema
lmost the same (curves not shown). F3 showed a high
olution rate during the first hour followed by a considera
lowing during the subsequent time. The dissolution c
or F6 was an almost straight line as in medium A.

The decrease in the release extent could be due to t
reased medium viscosity with a consequent decrease
iffusion coefficient of the drug and/or its micellar solub
ation due to the surfactant concentration which is well a
MC value.
t

e

20]. In particular, diclofenac sodium undergoes hydrol
n water making the pH value raise thus enhancing the
bility of the compound and leading to an increase in
issolution rate. Consequently, water cannot be consid

he ideal medium to give discrimination among the var
ormulations.

.2.6. Dissolution in media C and CT
The behaviour in medium C generally reflected the

bility characteristics of diclofenac sodium. The diss
ion rate and extent resulted very low for all the formu
ions (Fig. 5). The amount released from F2, F4, F5
6 varied between 10 and 20% of label strength re

ng the plateau within 4 h. Only formulation F3 relea
bout 40% reaching the plateau within 3 h. It was pro
ly due to the physicochemical characteristics of the

ive ingredient like crystallinity, granulometry and hyd
ion form. F1 showed a characteristic bell-shaped diss
ion curve with a maximum release of about 25% wit
h decreasing below 20% during the remaining test

iod. The particular shape of the dissolution profile for
ould be ascribed to formulation factors enhancing the
ease rate of the drug from the dosage form without
reasing the dissolution extent that is mainly contro
y the physicochemical characteristics of the drug
tance.

As expected, a general increase in the dissolution rat
xtent was observed for all the formulations upon ad
surfactant (medium CT) but only F1 and F3Sp releas

etween 80 and 100% within 6 h (curves not shown).
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Table 2
Friability, hardness and dimensions of the investigated formulations

Formulation Friability (%, w/w) Hardness (kpa ± S.D.) Diameter (mm± S.D.) Thickness (mm± S.D.)

Min Max

F1 – 17.35± 0.71 9.9± 0.1 2.1± 0.1 4.1± 0.1
F2 – 10.24± 0.75 8.6± 0.1 1.5± 0.1 4.0± 0.1
F3 – 8.90± 0.78 10.0± 0.1 1.2± 0.1 4.8± 0.1
F4 0.47 6.24± 0.42 11.3± 0.1 1.5± 0.1 5.0± 0.1
F5 0.12 3.83± 0.75 10.0± 0.1 1.5± 0.1 3.6± 0.1
F6 0.37 5.49± 0.84 11.7± 0.1 1.1± 0.1 5.1± 0.1

a Kilopounds.

3.2.7. Dissolution in medium D
The amount dissolved in medium D was lower than 1%

for all the formulations during the whole test period accord-
ing to the very low solubility of diclofenac sodium in acid
media (curves not shown). When tablets were put for a 2 h
period in medium D before undergoing the dissolution test
in medium A, all the dissolution curves, with the exception
of F6, clustered reaching the plateau within 14 h (90–100%
drug released) and showing a dissolution profile similar to
that obtained in medium A (Fig. 6).

This behaviour could be ascribed to the initial precipitation
of the neutral diclofenac form onto the tablet surface prevent-
ing the diffusion of the active ingredient from the inner layers.
When the pH reached almost neutral values the molecule re-
gained its original structure and the release extent was similar
to that obtained in medium A[21]. The dissolution profile for
formulation F1 was shifted to values meaningly lower than
those obtained in medium A. It could be ascribed to the pres-
ence in the formulation of cetyl alcohol whose hydrophobic
properties hinder the penetration of the dosage form by the
dissolution medium in this pH-changing system[2].

3.3. Influence of pH on dissolution behaviour

The influence of pH on dissolution behaviour of a phar-
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3 is very low. As the pH value increases, the solubility of the
compound increases due to the contribution from the ionised
form and the highest solubility is reached in phosphate buffer
solution at pH 8.0[7].

3.4. Friability and hardness of the diclofenac sodium
formulations

Friability and hardness data obtained for the studied for-
mulations are reported inTable 2, along with tablet dimen-
sions. Hardness data are the mean of three replicated ex-
periments (±S.D.). Formulations F1, F2 and F3 are coated
tablets, consequently the friability test was not performed.

A correlation between friability and hardness and in vitro
dissolution can be evidenced for formulations F4 and F6 hav-
ing identical excipient composition. Friability data for F4 are
higher than those obtained for F6. On the other hand, F4
showed a higher resistance to crushing than F6. The com-
pressional force employed in the tableting process greatly
influences the apparent density, porosity, hardness, disinte-
gration time and average primary particle size of compressed
tablets. There is always a competing relationship between the
enhancing effect due to the increase in surface area through
the crushing effect and the inhibiting effect due to the increase
in particle bonding that causes an increase in density and
h eabil-
i ient
f cter-
i ctive
i d for
F

4
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s ggest
l e-
d ucts.
N mine
w ical
s

like
d rate
aceutical product plays a very important role in the in
ctions between the drug and the organism. Biological fl
how indeed a high variability in pH values influencing ei
he amount of drug reaching the circulatory system after
dministration or the place of absorption along the gast

estinal tract.
The release profile of diclofenac sodium from each

ulation at various pH values pointed out that the incr
n dissolution rate and extent was directly proportional to
H increase for all the formulations with two exceptions
howed coincident curves at pH 6.8 and 8.0 and F3 diss
little faster at pH 6.8 than at pH 8.0 (Figs. 1, 3 and 5).
Experimental results confirmed that diclofenac sodiu

ore soluble in the media at pH 6.8 and 8.0, accordin
ts Ka value. On the contrary, it is only slightly soluble
ractically insoluble in acid media. At pH values more t
unit below pKa, the compound is mostly in its free acid for
hich is even less soluble than the salt[22,23]. Consequently

he solubility of the active ingredient at pH values less
ardness and, consequently, a decrease in solvent perm
ty. Nevertheless, the dissolution rate of the active ingred
rom a formulation is mainly related to the surface chara
stics of the tablet. Consequently, the release rate of the a
ngredient from F4 is constantly higher than that observe
6 in all the studied media, according to friability data.

. Conclusions

The differences in release characteristics among m
ource diclofenac sodium prolonged release tablets su
ikely implications for the bioavailability of the active ingr
ient thus questioning the interchangeability of the prod
evertheless, further advice would be needed to deter
hether the observed in vitro differences are of any clin
ignificance.

The dissolution characteristics of poorly soluble drugs
iclofenac sodium are often problematic. The dissolution



P. Bertocchi et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 679–685 685

and extent are in fact influenced both by formulation factors
and by the composition of the dissolution medium. The per-
formance of prolonged release formulations greatly depend
on the quality of excipients used in manufacturing and on the
quality of the process. By their nature, different brands of pro-
longed release products are more likely not to be equivalent
than are different brand of immediate, conventional release
products. Consequently, some Drug Regulatory Authorities
(DRAs) take the view that such products should never be
considered interchangeable, while others define a series of
studies that should be conducted, including in some circum-
stances comparative clinical trials[24].
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