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Summary

Meloxicam is a nonsteroidal-antinflammatory drug, which in-
hibits COX-2 enzymes and is practically insoluble in water.
Immediate-release meloxicam tablet formulations were prepa-
red by wet granulation method and the dissolution profiles of
these formulations were compared with the reference formula-
tion (Mobic® lot no: 009621). The objective of this study was
to apply several dissolution profile comparison methods to five
different immediate-release meloxicam tablet formulations and
to identify the advantages and disadvantages of each method.
Methods used to compare the dissolution data were, statistical
methods (exploratory data analysis method, repeated measures
design multivariate approach (MANOVA) and ANOVA-based
methods), model dependent methods (zero order, first order,
Hixson-Crowell, Weibull and logistic model) and model inde-
pendent methods (difference factor (f;), similarity factor (f)

and Rescignos indices (§i)).

Meloksikam Tablet Formiilasyonlarinin Hazirlanmast ve

In Vitro Coziinme Benzerliklerinin Degerlendirilmesi

Ozet

Meloksikam COX-2 enzimlerini inhibe eden ve suda pratik ola-
rak ¢oziinmeyen nonsteroidal antiinflamatuvar bir ilagtir. Me-
loksikamin hemen salim saglayan tablet formiilasyonlarn yas
graniilasyon yontemiyle hazirlandi ve bu formiilasyonlarin ¢o-
ziinme profilleri referans formiilasyon (Mobic® lot no 009621)
ile karsilasanldi. Calsmamin amacy, bes farkli hemen salim
saglayan meloksikam tablet formiilasyonuna farkl ¢oziinme
profili karsilagtirma yontemlerini uygulamak ve herbir yonte-
min avantaj ve dezavantajlanim tammlamaknr. Coziinme veri-
lerinin karsilagtinimasinda  kullamilan yontemler, istatistiksel
yontemler (agiklayict veri analizi yontemi, tekrarlayan olciim-
lerde ¢coklu varyans analizi (MANOVA) ve ANOVA yontemle-
i), modele bagiml yontemler (Sifir derece, Birinci derece, Hix-
son-Crowell, Weibull ve Lojistik yontem) modelden bagimsiz
yontemler (Farklilik faktorii (f;), Benzerlik faktorii (f;) ve Res-
cigno Indisi (€i).
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INTRODUCTION

The evaluation of dissolution profiles is a very im-
portant quality parameter for solid oral dosage
forms. Dissolution tests can be used as quality cont-

rol and stability indicating tests during the formula-

tion development stage and can also be used for
comparing new or generic formulations with an
existing product. They can also provide a basis for
achieving an in vitro-in vivo correlation. The Food
and Drug Administration (FDA) guidelines advise

the use of in vitro dissolution testing to ensure pro-

* Hacettepe University, Faculty of Pharmacy, Department of Pharmaceutical Technology, 06100 Ankara-TURKEY

° Corresponding author e-mail: loner@hacettepe.edu.tr

53



Eryol, Demirttirk, Oner

duct quality in case of certain scale-up and post app-
roval changes (SUPAC) such as manufacturing site
changes, increase or decrease in batch size and small
quantitative changes in excipients!2.

The simplest way to compare dissolution profiles of
test and reference formulations is to check the per-
centage of the dissolved active compound in the dis-
solution medium after a certain period of time. For
rapidly dissolving drug products, the use of single
point comparison of the dissolution profiles may be
sufficient3. However especially in the case of slowly
dissolving or poorly water-soluble drugs, compari-
son of the multiple time points is recommended by
the FDA. Comparison of multiple time points or of
complete dissolution profiles is necessarily more
complex than with a single point test!,2. In the litera-
ture, different methods are described for comparing
dissolution profiles, such as statistical methods and
model-dependent and model-independent met-
hods.

The objective of this study was to evaluate the disso-
lution profile comparison methods of immediate re-
lease meloxicam tablet formulations and to identify
advantages and disadvantages of each method*.

MATERIALS and METHODS
Materials

Meloxicam (Dr. Reddy’s Laboratory/India) was se-
lected as a model drug. Mobic®, which is a commer-
cially available immediate-release tablet formulati-
on of meloxicam, was selected as reference tablet
formulation (lot no: 009621). Five different test for-
mulations (MX1, MX2, MX3, MX4, MX5) were pre-
pared with wet granulation method. Sodium lauryl
sulfate and sodium lauryl sulfate-sodium citrate
mixture were used to enhance the solubility instead
of sodium citrate alone, which is used in Mobic®.
Higher amounts of lactose and microcrystalline cel-
lulose were used in the inner and outer phases of
granulation. Aerosil and magnesium stearate were
used as lubricants. The labeled amount of the drug
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substance is 15 mg per tablet for test and reference
formulations. All other chemicals and reagents were
analytical grades. The dissolution testing of tablets
was performed using the USP apparatus 2 (n=12) at
a stirring speed of 50 rpm; 900 mL of dissolution me-
dium (pH 7.6 phosphate buffer) at 37+0.5°C was
used for each experiment. Dissolution samples were
collected at 5, 10, 15, 30, 45, 60 and 90 min for analy-
sis and replaced by an equal volume of fresh disso-
lution medium.

Methods used to compare dissolution profiles
Statistical Methods

Exploratory data analysis method was evaluated
using both graphical and numerical illustration of
the test and reference formulation dissolution data.
The graphic for each formulation must have the
standard error bars at each dissolution time point.
As a complement to the graphical summary of the
dissolution profile data, data may also be summari-
zed numerically. In the numerical summary statis-
tics, mean and standard deviation of the dissolution
data at each dissolution time point for the test and
reference formulations can be presented. It is also
possible to present the difference between the mean
dissolution profiles and a 95% confidence interval
for the differences at each dissolution time point.

Multivariate approach was applied, and sources of
variation, time, drug product and interaction of time
and drug product were investigated. In this model,
the dissolved percentages were the dependent vari-
able and time the repeated factor®.

A single group univariate repeated measures analy-
sis was applied. The differences among drug formu-
lations were tested by the comparison of the dissol-
ved percentages at each time point. Then post hoc
procedures were applied to determine at what point
the differences arose. Dunnett’s t-test was also used
for the pairwise comparisons as test product against
reference product”. For statistical methods SPSS 10.0
for Windows was used.
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Model Independent Methods

As model independent approaches two fit factors
(difference factor (f;) and similarity factor (f,)) and
Rescigno’s indices (§i) were used to compare the dif-
ference between dissolved drug percentage per unit
of time for test and reference products. Eq 1 and Eq
2 define the f; and f; values, where n is the number
of sampling times, and R; and T; are the individual
or mean dissolved percentage at each time point for
the reference and test dissolution profiles, respecti-
vely. Eq 3 defines &i, where t,, is the final dissolution
time point and &i (I=1, 2) can be considered as a
function of the weighted average of the vertical dif-
ferences between the test and the reference mean
profiles at each time points®8.7.
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Model Dependent Methods

The model dependent methods are based on diffe-
rent mathematical functions, which describe the dis-
solution profile. Selection of the suitable function is
the first step of the method and evaluation of the
dissolution profiles depending on the derived mo-
del parameters is the second. The mathematical mo-
dels (Table 1) first order, Hixson-Crowell, Weibull
and logistic models were fitted to individual disso-
lution data with the non-linear regression module
and zero order with linear regression module of Sta-
tistica 5.0 for Windows (10,11).

Table 1. Applied mathematical models!!

Method Equation
Zero Order % Diss = k.t
First Order % Diss = 100 (1-e-kt)

3
Hixson - Crowell % Diss =100 {1 - (1 - 1<4t) }

4.6416

; B
Weibull % Diss = 100 [1 ot/ Ta) }

Logistic % Diss = 100

e (a + Blogt) }

1+e (a + Blogt)

% Diss :Percent dissolved at time t

k : Dissolution rate constant

T4 : Time at which 63.2% of the material is dissolved
a :Scale factor

B :Shape parameter

RESULTS and DISCUSSION
Statistical Methods

Exploratory data analysis method was found to be a
useful method to compare dissolution profiles in
both graphically and numerically®. Figure 1 shows
that the dissolution profiles of test and reference for-
mulations were significantly different because there
is no overlap in the error bars at each dissolution ti-
me point and because the 95% confidence interval
for the mean difference at given dissolution time po-
ints does not contain zero (Table 2).
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Table 2. Summary of statistics for dissolved percentages for test and reference formulations

Time Formulations Difference Standard Standard 95 % confidence
(min) deviation of error of the interval for difference
the difference difference LB UB
5 MX1-REF 26.753 3.353 .968 24.622 28.883
MX2-REF 21.881 1.350 .390 21.023 22.739
MX3-REF 22.299 1.342 .388 21.446 23.152
MX4-REF 17.451 4.325 1.249 14.703 20.199
MX5-REF 16.715 1.249 361 15.921 17.509
10 MX1-REF 29.845 2.132 .616 28.490 31.199
MX2-REF 19.667 1.119 .323 18.956 20.378
MX3-REF 21.887 1.262 364 21.085 22.689
MX4-REF 12.962 5.269 1.521 9.614 16.309
MX5-REF 4472 .739 214 4.002 4942
15 MX1-REF 19.913 3.406 .983 17.748 22.077
MX2-REF 14.731 1.086 314 14.041 15.421
MX3-REF 10.989 2.289 .661 9.535 12.444
MX4-REF 1.058 3.795 1.096 -1.354 3.469
MX5-REF -2.370 1.374 .397 -3.243 -1.497
30 MX1-REF -.748 3.792 1.095 -3.157 1.662
MX2-REF -2.789 1.529 442 -3.761 -1.818
MX3-REF 2918 1.952 564 -4.159 -1.678
MX4-REF 2.389 6.683 1.929 -1.857 6.635
MX5-REF -2.173 1.513 437 -3.134 -1.211
45 MX1-REF .666 3.045 .879 -1.269 2.601
MX2-REF 1.325 2.681 774 -.378 3.028
MX3-REF 1.138 2.657 767 -.550 2.827
MX4-REF 1.458 1.498 432 .506 2.409
MX5-REF 1.373 1.391 401 489 2.256
60 MX1-REF 259 3.482 1.005 -1.954 2472
MX2-REF 405 1.876 542 -.787 1.597
MX3-REF 570 1.972 .569 -.683 1.823
MX4-REF .356 1.594 460 -.657 1.369
MX5-REF 471 1.521 439 -.96 1.437
90 MX1-REF 577 3.015 .870 -1.339 2.492
MX2-REF 253 911 263 -.326 .831
MX3-REF 434 1.875 541 -.757 1.626
MX4-REF 175 941 272 -423 773
MX5-REF .307 1.488 429 -.638 1.252

LB: lower bound, UP: upper bound
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Fig. 1. Mean dissolution profiles for test and reference formula-
tions (error bars represent standard errors at each disso-
lution time point).

According to the results of the multivariate appro-
ach (MANOVA) (Table 3), the dissolved percenta-
ges were found to be significantly different at each
time point (p<0.05); time and drug product interac-
tion was also found to be significantly different
(p<0.05) between test and reference formulations.

Table 3. Multivariate test results

Effect Statistics Value F Sig
Time Pillai’s Trace 1.000  57000.078  0.000
Wilks' Lambda 0.000  57000.078  0.000
Hotelling’s Trace 6650.009  57000.078  0.000
Roy’s Largest Root ~ 6650.009 57000078  0.000
Time Pillai’s Trace 2,949 13151 0.000
X Wilks' Lambda 0.000 45190 0.000
Formulation  Hotelling’s Trace 68.553 114385 0.000
Roy’s Largest Root ~ 52.325 478400  0.000

The results of univariate ANOVA showed that the
drug products were significantly different in terms
of dissolved percentages at each time point (p<0.05).
The effect of time-drug product interaction was also
investigated and the dissolution profiles were not
parallel (p<0.05). As for post hoc procedures, the re-
sults of pairwise comparisons of test products aga-
inst the reference product by Dunnett’s t-test are gi-
ven in Table 4. It was found that the percents dissol-
ved of all the test and reference formulations were
significantly different until time point 15 (p<0.05)

and that the dissolution profiles were parallel at the
time points after 30 min (p<0.05).

Model Independent Methods

The values of f; and f, factors and &i for test pro-
ducts versus reference were calculated from the me-
ans of dissolved percentages at each time point
using Eq. 1, 2 and 3 and are listed in Tables 5, 6 and
7. £ values up to 15 (0-15) and f, values greater than
50 (50-100) ensure the equivalence of the dissolution
profiles. Since f, is sensitive to the measurements
obtained after each formulation has dissolved more
than 85%, limiting to no more than one sampling ti-
me point after 85% dissolution is a useful recom-
mendation®. When these two fit factors were emplo-
yed in data treatment, it became apparent that the
selection and determination of the dissolution end
points play a critical role in the calculation of the va-
lues.

The indices &i (i=1, 2) lie between zero and one. Va-
lues of xi (i=1, 2) close to zero indicate similarity bet-

ween mean dissolution profiles.

Table 5. Similarity factors (f,) for reference versus

test product

Last point
for
dissolution
(min) f, values

MX1 MX2 MX3 MXx4 MX5
15 32.488 32.488 39.007 48.075 52.803
30 34902 41486 41.336 50.346 55.026
45 36.874 43.438 43.293 52.256 56.907
60 36.874 43.436 43.290 52.253 56.899
90 36.872 43.436 43.288 52.252 56.896

Table 6.Difference factors (f;) for reference versus
test product

Last point
for
dissolution
(min) f, values

MX1 MX2 MX3 MX4 MX5
15 41.03 30.18 29.59 16.88 12.63
30 27.63 21.13 20.78 1211 9.20
45 20.61 1597 15.67 9.34 7.17
60 1640 12.76 1255 7.48 5.79
90 13.68 10.60 10.46 6.23 4.84
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Table 4. Multiple comparisons of test product against reference product by Dunnett’s test

TIME (min) | Formulations  Difference (I-]) SE Sig 95% CI
1)) 1)) LB UB

0 MX1 REF .000 .000 1.000
MX2 REF .000 .000 1.000
MX3 REF .000 .000 1.000
MX4 REF .000 .000 1.000
MX5 REF .000 .000 1.000

5 MX1 REF -26.753 1.103 .000 -29.593 -23.912
MX2 REF -21.881 1.103 .000 -24.721 -19.041
MX3 REF -22.299 1.103 .000 -25.139 -19.459
MX4 REF -17.451 1.103 .000 -20.291 -14.611
MX5 REF -16.715 1.103 .000 -19.555 -13.875

10 MX1 REF -29.845 1.096 .000 -32.669 -27.022
MX2 REF -19.667 1.096 .000 -22.490 -16.843
MX3 REF -21.887 1.096 .000 -24.710 -19.063
MX4 REF -12.962 1.096 .000 -15.785 -10.138
MX5 REF -4.472 1.096 .001 -7.295 -1.648

15 MX1 REF -19.913 1.044 .000 -22.602 -17.224
MX2 REF -14.731 1.044 .000 -17.420 -12.042
MX3 REF -10.989 1.044 .000 -13.678 -8.300
MX4 REF -1.058 1.044 .766 -3.747 1.632
MX5 REF 2.3700 1.044 102 -319 5.059

30 MX1 REF .748 1.191 955 -2.319 3.814
MX2 REF 2.789 1.191 .087 -278 5.856
MX3 REF 2918 1.191 .067 -.148 5.985
MX4 REF -2.389 1.191 177 -5.456 .678
MX5 REF 2.173 1.191 250 -.894 5.239

45 MX1 REF -.666 739 .836 -2.570 1.238
MX2 REF -1.325 739 265 -3.229 .579
MX3 REF -1.138 739 403 -3.042 .765
MX4 REF -1.458 739 189 -3.361 446
MX5 REF -1.373 739 236 -3.276 .531

60 MX1 REF -.259 719 .996 -2.111 1.593
MX2 REF -.405 719 971 -2.257 1.447
MX3 REF -.570 719 .893 -2.422 1.282
MX4 REF -.356 719 983 -2.208 1.496
MX5 REF -471 719 947 -2.323 1.381

90 MX1 REF -.577 .638 .834 -2.221 1.068
MX2 REF -.253 .638 994 -1.897 1.392
MX3 REF -434 .638 939 -2.079 1.210
MX4 REF -.175 .638 999 -1.820 1.47
MX5 REF -.307 .638 985 -1.951 1.338

LB: lower bound, UP: upper bound

58




FABAD J. Pharm. Sci., 29, 53-61, 2004

Table 7. Rescigno’s indices (&;) for reference versus

test product
Last point
for
dissolution
(min) &; values

MXI  MX2 MX3 Mx4 MX5
15 0.65 0.55 0.53 0.36 0.24
30 045 0.37 0.36 029 0.15
45 0.37 0.31 0.30 0.25 0.14
60 032 0.27 0.26 0.22 0.13
90 0.28 0.24 0.23 0.20 0.12

The dissolution profile of MX5 was found to be simi-
lar to that of the reference for all of the last five time
points for dissolution (15, 30, 45, 60 and 90 min). The
dissolution profile of MX4 was found to be different
for the dissolution up to 15 min (f,=48.075), whereas
it was similar up to 30, 45, 60 and 90 min (f,=50.346,
52.256, 52.253 and 52.252, respectively).

MX1, MX2 and MX3 formulations were found to be
different up to all of the dissolution time points. Ac-
cording to the results of &i (i=1, 2) MX4 and MXS5 for-
mulations were found to be similar to the reference
formulation (&i values closer to zero).

Model Dependent Methods

Mathematical models have been used extensively
for the parametric representation of dissolution da-
ta. The dissolution data were fitted to these models
and the model which best fit the dissolution data of
reference and test products was selected according
to the following criteria: higher determination coef-
ficient, smaller residual mean square and smaller
absolute difference between each fitted and actual
percent dissolved. Considering these criteria, We-
ibull distribution was found to be the best model.

The derived model parameters, Td (time parameter)
and B (shape factor), were compared as test product
against reference using multivariate confidence re-
gion procedure. The similarity region, multivariate
statistical distance (MSD) and 90% confidence regi-
on were calculated. The upper limit of the confiden-

ce interval is higher than the MSD values that, the
test formulations are considered to be different from
the reference (Table 9)2.

Table 9. Comparison of the derived model parame-
ters by multivariate confidence region pro-
cedure

Formulations MSD Similarity Limit 90% Confidence Interval of

MSD
LB UB
MX1-REF 2871 0.531 1.966 3.774
MX2-REF 1.79 0472 0.886 2,694
MX3-REF 1.867 0.537 0.963 2771
MX4-REF 1.888 0.864 0.983 2.792
MX5-REF 0.391 0417 -0.513 1295

CONCLUSION

Dissolution testing is used as a quality control pro-
cedure in formulation development to assist in se-
lection of a candidate formulation and in research to
detect the influence of critical manufacturing variab-
les such as excipient type, mixing effect and binder
effect. In spite of the need to compare dissolution
profiles, current methods to compare dissolution
profiles are not yet well developed. The methods
used in this study to compare the dissolution profi-
les of test and reference formulations were useful
but gave different results regarding the similarity of
dissolution profiles. According to the results of sta-
tistical test methods and model dependent methods,
all test formulations were found to be different from
the reference formulation while MX4 and MX5 for-
mulations were found similar to the reference using
the model independent methods.

Although statistical methods and model dependent
methods are more discriminative and provide deta-
iled information about dissolution data, model inde-
pendent methods have been recommended in the
FDA'’s guidelines and are easy to compute. On the
other hand, the most important problem of the mo-
del independent method is the selection of the disso-
lution sample times and their use in profile simila-
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Table 8. Parameters of the mathematical models and descriptive statistics of regression for the dissolution data

REF MX1 MX2 MX3 MX4 MX5

r2 0.552 0.684 0.655 0.643 0.604 0.557

k 0.840 1.082 1.018 1.016 0.815 0.876

Zero SE 0.78 0.76 0.76 0.78 0.097 0.089
Order Roax 71.75 70.31 67.98 67.82 78.75 66.88
RMS 500.63 473.30 477.58 499.84 774.26 644.71

r2 0.997 0.967 0.983 0.978 0.975 0.981

k 0.105 0.058 0.067 0.067 0.079 0.09

First SE 0.001 0.002 0.001 0.002 0.002 0.002
Order Roox 4.46 20.291 11.89 12.504 21.683 16.031
RMS 6.179 48.38 227 29.83 31.41 23.688

r2 0.8228 0.972 0.972 0.966 0.92 0.885

k 0.079 0.071 0.074 0.074 0.076 0.078

Hixson-SE 0.002 0.001 0.001 0.001 0.001 0.001

Crowell Riax 23.73 18.72 125 16.52 24.03 23.71
RMS 193.97 34.09 37.72 4991 102.32 145.68

r2 0.695 0.865 0.851 0.840 0.795 0.7421

k 13.65 12.71 12.99 13.01 13.21 13.46

Higuchi SE 0.332 0.25 0.25 0.26 0.29 0.32
Roox 31.70 33.14 27.34 27.93 36.85 32.1
RMS 334.35 197.23 202.18 219.42 260.22 325.28

r2 0.999 0.994 0.998 0.9967 0.982 0.996

Td 9.48 16.21 14.36 14.02 12.13 10.68

Weibull SE 0.062 0.194 0.117 0.12 0.301 0.095
b 091 0.609 141 1.52 1.35 1.54

SE 0.011 0.043 0.025 0.03 0.088 0.03

R,y 3.75 10.44 436 5.87 18.88 6.27

RMS 1.55 8.58 3.24 441 2231 5.32

R2 0.99 0.984 0.988 0.988 0.972 0.996

a -2.93 -6.13 -5.05 -5.33 -4.49 472

Logistic SE 0.062 021 0.136 0.147 0.551 0.402
B 3.66 5.6 493 5.2 472 5.19

SE 0.641 0.188 0.126 0.138 0.535 0.41

Rinax 407 13.2 8.27 7.0 20.91 4.84

RMS 3.38 14.92 9.33 9.42 17.63 213
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rity calculations and this needs further investigati-

on. Finally, all of these methods can be used as a

very important tool in quality control studies!-14.

REFERENCES

61

FDA Guidance for Industry, Immediate release solid
oral dosage forms-Scale up and postapproval chan-
ges chemistry, manufacturing and controls, in vitro
dissolution testing and in vivo bioequivalence docu-
mentation, FDA, Rockville, MD, November 1995.
FDA Guidance for Industry, Dissolution testing of
immediate release solid oral dosage forms, FDA,
Rockville, MD, August 1997.

Adams E, De Maesschack R, De Spiegeleer R, Van-
der Heyden Y, Smeyers-Verbeke J, Massart DL. Eva-
luation of dissolution profiles using principal com-
ponent analysis, Int. J. Pharm., 212, 41-53, 2001.
Eryol C. Meloksikam Formiilasyonlarinin Hazirlan-
mast ve In Vitro Ozelliklerinin Degerlendirilmesi, Bi-
lim Uzmanlig: Tezi, Ankara, 2003.

O’Hara T, Dunne A, Butler J, Devane J. A review of
methods used to compare dissolution profile data,
PSTT, 1, 214-223, 1998.

Alpar R. Uygulamali Cok Degiskenli Istatistiksel
Yontemlere Giris I, Nobel, 2003.

10.

11.

12.

13.

14.

Bolton S. Pharmaceutical Statistics: Practical and Cli-
nical Applications, Marcel Dekker Inc., 1990.

Moore JW, Flanner HH. Mathematical comparison of
dissolution profiles, Pharm. Technol., 20, 64-75, 1996.
Shah VP, Tsong Y, Sathe P, Liu JP. In vitro dissoluti-
on profile comparison-statistics and analysis of the
similarity factor, f,, Pharm. Res., 15, 889-896, 1998.
Sathe PM, Tsong Y, Shah VP. In vitro dissolution
profile comparison: statistics and analysis, model de-
pendent approach, Pharm. Res., 13, 1799-1801, 1996.
Costa P, Lobo JMS. Modeling and comparison of dis-
solution profiles, Eur. J. Pharm. Sci., 13, 123-133,
2001.

Yuksel N, Kanik AE, Baykara T. Comparison of in
vitro dissolution profiles by ANOVA-based model-
dependent and -independent methods, Int. J.
Pharm., 209, 57-67, 2000.

Pillay V, Fassihi R. Evaluation and comparison of
dissolution data derived from different modified re-
lease dosage forms: an alternative method, J. Cont.
Rel., 55, 45-55, 1998.

Polli JE, Rekhi GS, Augsburger LL, Shah VP. Met-
hods to compare dissolution profiles and a rationale
for wide dissolution specifications for metoprolol
tartrate tablets, J. Pharm. Sci., 86, 690-700, 1997.



