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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
from the national market. The formulations contain the same amount of drug substance but different types and/or amount of excipients. The
influence of these differences in formulation on the release characteristics of the dosage forms was evaluated on the European Pharmacopoei
apparatus 2 (paddle) employing eight different dissolution media in the pH range 1.2-8. Friability and hardness were tested too according to
the European Pharmacopoeia.

Dissolution profiles obtained from the studied formulations showed that the release characteristics vary considerably among different
manufacturers and that even identical formulations show rather dissimilar release profiles in all the studied media. Use of both SIF without
pancreatin 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 excipient
composition.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ment of degenerative joint diseases such as rheumatoid arthri-
tis, osteoarthritis and ankylosing spondylitis. Nevertheless, it
Oral solid dosage forms are the most widely used formu- produces a relatively high incidence of gastrointestinal side
lations for new and existing prolonged release products andeffects due to the physicochemical action on the gastric mu-
are still the preferred administration route for many drugs. coug[1] and the inflammatory action on both small bowel and
Prolonged release systems offer many clinical advantagesthe colon[2,3]. Due to these adverse effects and its short bi-
including reduced dosing frequency with improved patient ological half life[4], diclofenac sodium is an ideal candidate
compliance, reduced fluctuations in drug plasma concentra-for prolonged release preparations.
tions with lower incidence of side effects and possible en-  Diclofenac sodium has weak acidic propertiel{jpbout
hanced effectiveness. 4) and its solubility depends on the pH of the medium. It is
Diclofenac sodium is a potent non-steroidal anti- slightly soluble in water, very slightly soluble in phosphate
inflammatory drug (NSAID) with pronounced analgesic and buffer at pH 6.8 and practically insoluble in hydrochloric
antipyretic properties. Itis widely used in the long-term treat- acid at pH 1.15-7]. Based on the Biopharmaceutics Classi-
fication System (BCS), it can be classified as a Class Il drug.
* Corresponding author. Tel.: +39 06 49902354; fax: +39 06 49902830. BCS is a scientific framework for classifying drug substances
E-mail addressluisavalvo@iss.it (L. Valvo). based on their aqueous solubility and intestinal permeability,
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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-playing an importantrole in the bioavailability of the drug and
tion of a drug substance through gastrointestinal membranegjuestioning the interchangeability of the products.

and having significant influence on its bioavailabili8;9].

Class Il drugs are defined as those with high permeability

but whose solubility in aqueous media is not sufficient for 2. Materials and methods

the whole dose to be dissolved in the gastrointestinal tract.

For these substances dissolution is therefore the rate limiting2.1. Materials

step to absorption. The choice of medium for in vitro dis-

solution tests is therefore expected to play a very important  Analytical grade potassium dihydrogen phosphate,
role in the dissolution of Class Il drugs as it can depend on a sodium chloride, sodium hydroxide, hydrochloric acid and
wide variety of factors such as pH, ionic strength, buffer ca- methanol were purchased from Sigma-Aldrich (Milano,
pacity, presence of surfactants, agitation and medium volumeltaly). Tween 20 was from ICN Biomedicals Inc. (Ohio,
[10]. USA).

A medicinal product is composed of drug substance and  Deionised water obtained from an Ultra Pure Water Sys-
excipients. The proportion between them, the type of excip- tem Type Integra (SG, Baratiel, Germany) was used for the
ients and the manufacturing method of the final product are preparation of dissolution media.
chosen based on the content, the physicochemical and the Diclofenac sodium reference substance was supplied by
bulk properties of the drug and on its absorption properties. Sigma-Aldrich.

Taken as a whole this gives each product certain dissolution  Six diclofenac sodium prolonged-release tablet formula-
characteristics. The quality of a dosage form is continuously tions (F1-F6) were obtained from pharmacies in the national
improved during the different development phases of a new market. They all contain 100 mg of diclofenac sodium but
drug product and dissolution test represents a reliable tool togreatly differ as concerns the excipient composititable 1
evaluate formulation and processing variables that may influ- summarizes the investigated products.

ence the bioavailability of the drug. European Union regula-

tions require the release rate to be tested in vitro during the2.2. Methods

development phase of controlled release formulations by dis-

solution analysis under various conditions. For routine con- 2.2.1. Dissolution test

trol of scale-up and production batches the testing condition  Selection of the dissolution testing conditions was based
with the higher discriminatory power should be chosen to en- on EMEA guidelines (11, 12). For all dissolution tests the Eu-
sure both batch to batch consistency and that the dissolutionropean Pharmacopoeia (Ph. Eur.) apparatus 2 was used (pad-
profiles remain similar to those of pivotal clinical batches. dle method), employing 900 ml of dissolution medium at a
Furthermore, a dissolution test can be used to support thetemperature of 3 0.5°C and a rotational speed of 100 rpm.
bioequivalence of an essentially similar prodfict,12] The dissolution system was fitted with a DISTEK PRE-

The aim of this work was to compare the dissolution MIERE 5100 dissolutor (Distek Inc., New Jersey, USA), an
behaviour under various experimental conditions of six di- HP 89092A 7-channel peristaltic pump (Agilent Technolo-
clofenac sodium prolonged release tablets of different brandsgies Italia S.p.A., Roma, Italy), PC directed control through
obtained from the national market. The formulations contain the Idis EE software (Icalis Data System Ltd., UK). Released
the same amount of drug substance but different types and/opercentages of the active ingredient were automatically mea-
amount of excipients such as diluents, disintegrants, lubri- sured every 15min up to 24 h at the maximum absorption
cants, binders, surfactants. These differences in formulationwavelength for each dissolution medium (ranging from 276
couldinfluence the release characteristics of the dosage formso 286 nm) using an HP 8452A diode array detector (Ag-
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ilent Technologies Italia S.p.A.) equipped with a linear 7- 120
cell transporter. The flowcell pathlength was 1 mm. Filtra- 100
tion of aqueous samples was performed on-line on What-
man GF/C (1.2um) filters (Whatman, Kent, England). Check
for adsorption to the filters revealed no significant loss of
drug.
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2.2.2. Composition of dissolution media =)

The composition of dissolution media was chosen in such 0
a way to cover the physiological pH range. Where appropri- TIME h

ate, s_u_itable amounts of surfactant were added to enhance a1 ) 3
solubility. —o—F4 —#—F5 —4F6

e Medium A: simulated intestinal fluid (SIF) without pan-  Fig. 1. Mean dissolution profiles of diclofenac sodium from formulations
creatin (pH 6.8) according to USP 2173]. F1-F6 in medium A.

e Medium Ar1: medium A added with Tween 20 (1%, w/v). i in th | b d
e Medium Ars: medium A added with Tween 20 (3%, wiv). 100rpm. Some differences in the release were observed,

« Medium B: phosphate buffer solution (pH 8.0: 0.02 M) the higher rotational speed providing bet'ter.(.jiscrimination
(Ph. Eur)[14]. among the dosage forms and a lower variability of the data.

e Water: deionised water All experiments were therefore run at 100 rpm, furthermore
« Medium C: phosphate buffer solution, pH 4.5 (Ph. Eur.) preventing the possibility of “coning” which sometimes oc-
[14] ' curs at lower rpm and whose relevance in vivo is rather ques-

e Medium Gr: medium C added with Tween 20 (1%, wiv). tionable[17,18] The dissolution profiles obtained more ac-

e Medium D: simulated gastric fluid (SGF) without pepsin ﬁu:jateolly reflepted tzeddissolution (;)f the tablets, QOt system
(pH 1.2) according to USP 213]. ydrodynamics, and demonstrated a more rugged test proce-

dure.

2.2.3. Calibration curves

Calibration curves for diclofenac sodium reference sub-
stance were obtained by measuring the absorption in each
dissolution medium (A, A1, ATs, B, Cr) atthe maximum ab-
sorption wavelength. Due to the low solubility of diclofenac
sodium in media C and D, data from the calibration curve ob-
tained in medium A were used. Standards were prepared in
the concentration range 0.001-0.17 mg/ml. Absorptivity val-
ues were calculated and employed in the analysis software.
The linearity of the calibration curves was confirmed over the
concentration range 5-150% dissolution of the drug.

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 irFig. 7. Dissolution profiles are presented in the
0-15h 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 Rig. 1). Dissolution profiles

2.2.4. Hardness

Hardness was investigated by the “Resistance to crushing
of tablets test” according to the Ph. E{it5] on a tablet
hardness tester (Schleuniger, Thun, Switzerland).

2.2.5. Friability

Friability was investigated by the “Friability of uncoated
tablets test” according to the Ph. E[k6] on a TAR Tablet
Friability Tester (Erweka Italia, Milano, Italy).

% DISSOLVED

3. Results and discussion

TIME h

3.1. Influence of the rotational speed on the dissolution

i —=—Fl —O-F2 —eF3
behaviour —0—F4  ——F5 —&—Fb

Dissolution profiles of all formulatipns in medium A Fig. 2. Mean dissolution profiles of diclofenac sodium from formulations
obtained at 50 rpm were compared with those obtained atrFi-F6 in medium Aq.
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Fig. 3. Mean dissolution profiles of diclofenac sodium from formulations Fig. 5. Mean dissolution profiles of diclofenac sodium from formulations
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Fig. 4. Mean dissolution profiles of diclofenac sodium from formulations  Fig. 6. Mean dissolution profiles of diclofenac sodium from formulations
F1-F6 in water. F1-F6 in medium A after a 2 h period in medium D.

for formulations F2 and F3 were similar each other while F4 strength). The dissolution curve for F1 showed a pronounced
showed a lower release rate during both the initial and the sigmoidal shape. Initially, the slope increased up to an inflec-
final tract of the dissolution test. F5 showed a higher releasetion point followed by an increase in the slope thereafter. The
rate reaching the plateau within 6 h (approx. 95% of label change of slope occurred during the 3-5h dissolution time
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Fig. 7. Standard deviations of diclofenac sodium percent release in the selected dissolution media. Symbols are the Bg€elas in
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range during which the tablets breakage was observed lead3.2.4. Dissolution in medium B
ing to an increase in the surface exposed to the dissolution As expected on the basis of solubility data, a general in-
medium with a consequent increase in the dissolution rate.crease in the dissolution rate and extent at pH 8.0 compared
The external geometry of the other formulations essentially to pH 6.8 was observed for all formulatiorisg. 3). Only F3
remained unchanged during the drug release process. showed a slight decrease in the dissolution rate and F6 did
Obtained results showed that medium A provides a good not reach 100% release within the test period. Formulation
discrimination among the different formulations, particularly F1 showed a sigmoidal profile as in medium A due to the
as concerns the shape of the dissolution profiles. With the ex-breakage of tablets.
ception of formulation F6, little differences in the release
extent were ob_served_ at the _end of the test._ The observed3_2_5_ Dissolution in water
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 dru
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].

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
Yhe first 4 h periodKig. 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
[20]. In particular, diclofenac sodium undergoes hydrolysis
in water making the pH value raise thus enhancing the sol-
ubility of the compound and leading to an increase in the

A | t straiaht i hi v 40% dissoluti dissolution rate. Consequently, water cannot be considered
was an aimost straight line reaching only 97 diSSOIULON ¢ i4ea) medium to give discrimination among the various
within 10 h, released 80% of label strength within the same formulations

timein medium Ar1. Only F5 released about the same amount

atthe same rate asin medium A. As expected, the influence of

the surfactant on the release extent increase was more evideri#.2.6. Dissolution in media C andiC

for non-matrix formulations F4 and F6. No breakage of the ~ The behaviour in medium C generally reflected the sol-
tablets was observed for F1 whose dissolution profile lost ubility characteristics of diclofenac sodium. The dissolu-

the typical sigmoidal shape and showed a higher release ratdion rate and extent resulted very low for all the formula-

(100% of label strength within 6 h). In general, the results tions (Fig. 5. The amount released from F2, F4, F5 and

showed that also mediumpAprovides a good discrimination ~ F6 varied between 10 and 20% of label strength reach-
among the different formulations. Nevertheless, dissolution ing the plateau within 4h. Only formulation F3 released

profiles were more similar in shape each other than thoseabout 40% reaching the plateau within 3h. It was proba-

3.2.2. Dissolution in mediumA

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 higher dissolution rate and extent in medium Aompared
to medium A releasing more than 90% within 10/ig(. 2).
Even formulation F6, whose dissolution profile in medium

obtained in medium A. bly due to the physicochemical characteristics of the ac-
tive ingredient like crystallinity, granulometry and hydra-
3.2.3. Dissolution in medium#A tion form. F1 showed a characteristic bell-shaped dissolu-

By addition of a higher amount of surfactant to the medium tion curve with a maximum release of about 25% within
ageneral decrease in the release extent was observed with théh decreasing below 20% during the remaining test pe-
exception of F4 and F5 whose dissolution curves remainedriod. The particular shape of the dissolution profile for F1
almost the same (curves not shown). F3 showed a high dis-could be ascribed to formulation factors enhancing the re-
solution rate during the first hour followed by a considerable lease rate of the drug from the dosage form without in-
slowing during the subsequent time. The dissolution curve creasing the dissolution extent that is mainly controlled
for F6 was an almost straight line as in medium A. by the physicochemical characteristics of the drug sub-

The decrease in the release extent could be due to the instance.
creased medium viscosity with a consequent decrease inthe As expected, a general increase in the dissolution rate and
diffusion coefficient of the drug and/or its micellar solubili- extent was observed for all the formulations upon adding
sation due to the surfactant concentration which is well above a surfactant (medium £} but only F1 and F3Sp released
CMC value. between 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 (Rg=S.D.) Diameter (mm:S.D.) Thickness (mmt S.D.)
Min Max

F1 - 17.35+ 0.71 9.9+ 0.1 2.1+0.1 4.1+0.1
F2 - 10.244+ 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 3.83t 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

@ Kilopounds.
3.2.7. Dissolution in medium D 3is very low. As the pH value increases, the solubility of the

The amount dissolved in medium D was lower than 1% compound increases due to the contribution from the ionised
for all the formulations during the whole test period accord- form and the highest solubility is reached in phosphate buffer
ing to the very low solubility of diclofenac sodium in acid solution at pH 8.Q7].
media (curves not shown). When tablets were put for a 2h
period in medium D before undergoing the dissolution test N i i
in medium A, all the dissolution curves, with the exception 3.4. Fr'a}b'“ty and hardness of the diclofenac sodium
of F6, clustered reaching the plateau within 14 h (90-100% formulations
drug released) and showing a dissolution profile similar to . i i
that obtained in medium AF{g. 6). Frlgbmty and hardness data obtalned_ for the stqd|ed for-

This behaviour could be ascribed to the initial precipitation Mulations are reported iable 2 along with tablet dimen-

of the neutral diclofenac form onto the tablet surface prevent- sions. Hardness data ar? the mean Zf th;ee replicated SX'
ing the diffusion of the active ingredient from the inner layers. periments £5.D.). Formulations F1, F2 and F3 are coate

When the pH reached almost neutral values the molecule re-12PIets, consequently the friability test was not performed.
A correlation between friability and hardness and in vitro

gained its original structure and the release extent was similar X , .
to that obtained in medium [ 1]. The dissolution profile for dissolution can be evidenced for formulations F4 and F6 hav-
' ing identical excipient composition. Friability data for F4 are

formulation F1 was shifted to values meaningly lower than
R higher than those obtained for F6. On the other hand, F4

those obtained in medium A. It could be ascribed to the pres- h d a hiah . hi h h
ence in the formulation of cetyl alcohol whose hydrophobic showed a higher resistance to crushing than F6. The com-

properties hinder the penetration of the dosage form by the Pressional force employed in the tableting process greatly
dissolution medium in this pH-changing syst&zh 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

3.3. Influence of pH on dissolution behaviour enhancing effect due to the increase in surface area through
] ) . ) the crushing effect and the inhibiting effect due to the increase

The influence of pH on dissolution behaviour of a phar- i, particle bonding that causes an increase in density and

maceutical product plays a very important role in the inter- 5rqness and, consequently, a decrease in solvent permeabil-

actions between the drug and the organism. Biological fluids j,; Nevertheless, the dissolution rate of the active ingredient
show indeed a high variability in pH values influencing either .o 4 formulation is mainly related to the surface character-

the amount of drug reaching the circulatory system after oral igics of the tablet. Consequently, the release rate of the active
administration or the place of absorption along the gastroin- jngredient from F4 is constantly higher than that observed for

testinal tract. _ _ _ F6 in all the studied media, according to friability data.
The release profile of diclofenac sodium from each for-

mulation at various pH values pointed out that the increase

in dissolution rate and extent was directly proportional to the 4. Conclusions

pH increase for all the formulations with two exceptions: F1

showed coincident curves at pH 6.8 and 8.0 and F3 dissolved The differences in release characteristics among multi-

a little faster at pH 6.8 than at pH 8.Bi¢s. 1, 3and b source diclofenac sodium prolonged release tablets suggest
Experimental results confirmed that diclofenac sodium is likely implications for the bioavailability of the active ingre-

more soluble in the media at pH 6.8 and 8.0, according to dient thus questioning the interchangeability of the products.

its K, value. On the contrary, it is only slightly soluble or Nevertheless, further advice would be needed to determine

practically insoluble in acid media. At pH values more than whether the observed in vitro differences are of any clinical

1 unitbelow K5, the compound is mostly inits free acid form,  significance.

whichis even less soluble than the $2#,23] Consequently, The dissolution characteristics of poorly soluble drugs like

the solubility of the active ingredient at pH values less than diclofenac sodium are often problematic. The dissolution rate
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and extent are in fact influenced both by formulation factors [8] FDA Guidance, The Biopharmaceutics Classification System
and by the composition of the dissolution medium. The per- (BCS) Guidance (accessed 6/16/04). http://www.fda.gov/cder/OPS/

formance of prolonged release formulations greatly depend BCS_guidance.htm. Part of U.S. Food and Drug Administration (ac-
cessed 6/16/04). http://www.fda.gov.

on the quality of excipients u;ed in manufacturmg and on the [9] LX. Yu, G.L. Amidon, J.E. Polli, H. Zhao, M.U. Mehta, D.P. Con-
quality of the process. By their nature, differentbrands of pro- ~ * ner, v.p. shah, L.J. Lesko, M.L. Chen, V.H.L. Lee, A.S. Hussain,
longed release products are more likely not to be equivalent ~ Pharm. Res. 19 (2002) 921-925.

than are different brand of immediate, conventional releasel[10] E. Galia, E. Nicolaides, D. btter, R. lobenberg, C. Reppas, J.B.
products. Consequently, some Drug Regulatory Authorities __ Dressman, Pharm. Res. 15 (1998) 698-705. N
DRAs) take th . that h ducts should b [11] EMEA Guideline, Note for guidance on investigation of bioavail-
(DRAs) take the view that such products should never be ™ i o1 bioequivalence, CPMP/EWP/QWP/1401/98, 2001, 1/18.
Con5_|dered interchangeable, Wh"e_ Others d_eflne a series 0f12] EMEA Guideline, Note for guidance on quality of modified release
studies that should be conducted, including in some circum- products: A: oral dosage forms. B: transdermal dosage forms, Section

stances comparative clinical trig&4]. I (quality), CPMP/QWP/604/96, 1999, 1/15.
[13] The United States Pharmacopeia 27, The United States Pharma-
copeial Convention, Inc., Rockville, MD, USA, 2004.
[14] European Pharmacopoeia, 4th ed., Council of Europe, EDQM, Stras-
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