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ABSTRACT

Solid dosage forms are mainly taken orally to get it's therapeutic action. After the administration the drug undergo
disintegration, followed by dissolution and then diffuse into the systemic circulation. Dissolution testing is an in
vitro method that deals with how an active molecule extracted out of solid dosage form. The comparison of
dissolution profile can be done by model-dependent and model-independent approaches. In the model-dependent
approach including zero order, first order, Hixson- Crowell, Higuchi, and Weibull models are applied to the
utilization of fit factors. Model- independent approaches including ANOVA-based procedures, ratio test procedure,
and pair wise procedure. The ratio test includes percentage, area under the curve, mean dissolution time, while the
pair wise procedure belongs difference factor (f1), similarity factor (f2), and Rescigno index e.t.c. All this
approaches are valuable in statistical and clinical aspects, supporting the objectives of current dissolution profile.

KEYWORDS: Dissolution comparison, Model dependent and independent method, f2 similarity.

INTRODUCTION

In vitro dissolution is an analytical methodology to
measure drug release and bioawvailability in liquid media.
The ability to compare the in vitro dissolution profile and
demonstrate the similarity of formulation is most
important in the pharmaceutical industry!! while
regulatory authorities in the European Union (EU) and
the United States of America (USA) has always been the
most prominent countries of dissolution guidelines,
current trends indicate a proliferation of suitable
dissolution similarity requirements from regulatory
authorities around the world. This results in differences
in the requirements for dissolution profiles and a
significant amount of unnecessary and redundant work
which does not help to guarantee the safety or efficacy of
the product.””) In 1997 FDA testing guidelines of
dissolution describe three important uses: (1) evaluate
the batch - the quality of a batch of drug, (2) guide the
development of new formulations, and (3) ensure the
continuous quality and performance of the product after
certain ewents, such as formulation changes, the
manufacturing process. the results of the in vitro
dissolution may be sufficient to obtain regulatory
approval of the post- marketing changes and waive of the
bioequivalence requirements for the dosage forms.™!

The dissolution tests play a chief role in these three
situations: (i) formulation and optimization decisions:-
during formulation and product development, where
dissolution performance is a main quality attribute, the
formulation of product and the manufacturing process

are optimized based on the achievement of respective
dissolution targets. (ii) Equivalence decisions:- during
the development of the generic product, and bringing of
the post-approval process or changes in formulation,
similarity of the in vitro dissolution profiles between the
reference product and its generic or modified version are
one of the major requirements for regulatory approval
decisions. (iii) Product compliance and release
decisions:- during periodic manufacturing, dissolution
outcomes are very often one of the criteria used to make
drug release decisions.[**®!

If dissolution profile similarity is established for the
formulations before and after the changes, then
expensive in vivo bioequivalence testing can be waived.
Various methods have been proposed for statistical
assessment of dissolution profile similarity. Comparison
of various profiles describing a cumulative event over
time is not unique to the pharmaceutical sciences. For
equivalence dissolution profile, use to assure similarity
in product performance, regulatory interest is in knowing
how similar the two curves are, and to have a measure
that is more sensitive to large differences at any
particular time point.”**

Howewer, before begin with a further discussion of
statistical method significance, it is useful to consider the
different meanings of the term ‘‘significance’” in the
circumstances of new formulation development.
Statistical significance, used for assessing the
reliability of a scientific outcome, is a measurement
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of the probability that the observed result actually
exists. Statistical significance and statistical
reliability, depends on four factors — how much data
has been gathered, how the experimental space has
been sampled, how much variability is present in the
collected data, and how large are measurement
errors relative to the magnitude of the effect.

The clinical importance, in the context of
pharmaceutical product development, product
equivalence, product release and quality control, is
linked to a completely different question: whether
the effect is large enough to have a significant effect
on a patient's health. statistical significance can be
diffrentiate from clinical significance: with enough
data, even very small effect can be evaluated in a
statistically significant way, but this does not make
them clinically relevant.

Finally, regulatory importance should ideally be the
answer to another question. That point to recent
testing studies - that of knowing whether the
observed effects, known with a given degree of
reliability, are significant enough to justify
regulatory action or inaction.

The aim of this work is to understand the statistical,
clinical and regulatory significance to increase the
statistical significance of the comparison of dissolution
profiles so that the effect can be easily obtained by
independent and model-dependent approaches.!"!

Statistical comparison methods of the dissolution
profile

1. model-dependent methods

Zero order

First order

Higuchi model

Hixson - Crowell model

Weibul model

2. model independent methods
ANOVA-based procedure

Ratio test procedure

Pair wise procedure

Resicigno Index

Post hoc analysis

1. Model-dependent methods™

a) Zero order model

Zero order release kinetics describe a system where the
drug release rate is constant over a period of time. The
drug release rate is independent of its concentration of
dissolved substance.

Zero order
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Qt=Q0 + Kot

Qt - amount of drug dissolved over time

QO - initial amount of drug in the given solution
KO - zeroorder rate constant

b) Firstordermodel

The drug release rate depends on concentration of one
reactant and used to describe dissolution of
pharmaceutical dosage form.
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log C = log CO - Kt+2.303
C - drug release at time t
CO -initial concentrationofdrug K - first order rate constant

¢) Higuchi model

Drug dissolution from dosage form that do not
disaggregate and release the drug slowly. This
mathematical model describe the release of water soluble
and low water soluble drugs in corporated into semi solid
or solid dispersed in a uniform matrix behaving as
diffusion media.

Q=KNT

Q -Amount of drug released in the time 't' per unit area
K - higuchiconstant T-time in hour
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% HIGUCHI MODEL
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d) Hixson - Crowellmodel

Hixson-Crowell model states that the drug release from
the particle is proportional to cubic root of it's volume. It
describe a correlation between drug release from the
particle and surface area and diameter of the particle.

HIXSON-CROWELL

’ l sl'ime ir; hour;
Q1/3 ) Q1/3 = Kt

QO - initial amount of drug

Qt- amount of drug release at time t

e) weibull model

The Weibull function is a mathematical model lacking
physicochemical fundament and can be used to study the
dissolution rate. It is very useful for comparison of
release profile of matrix type drug.

m=1-e[-(t- O™

m - % dissolvedat time t

T-location parameter

a - scale parameter

b - shapeprocedure

2. Model independent Method

a) ANOVA method (analysis of variance)

Generally applied to different group of data. we compare
the variance of different group of data and predict
whether the data are comparable or not. Minimum three
sets of data required. Here first we have to find the
variance within each individual group and then
acompare them with each other. If the calculated value is
less than the tabulated value, then the degree of variance
is considered as insignificant.!**
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ANOVA methods can be used to test the effect of
treatment on level and shape. By now, level and shape
factors hawe been calculated separately for each
individual profile, and comparing dissolution profiles is
transformed into comparing the two descriptive
values(level value and shape score).™

b) Ratio testprocedure

Mainly 3 types

Ratio test of percentage dissolved Ratio test of AUC
Ratio test of mean dissolution time

Each of these procedure compares the dissolution profile
of two formulation at a particular time point. Descriptive
static form data analysis tool on three types ratio test
were performed to analyses standard error and a 90%
confidence lewel for the mean value of ratio percentage
dissolved, AUC and mean distribution time.

¢) Pairwiseprocedurel

Moore and Flanner proposed two new indices (f1 and f2)
to compare dissolution profiles of atest and a reference
formulation. These fit factors, the similarity factor (f2)
and the difference factor (fl), that compare the
dissolution profiles of a pair of drug products were
applied to the dissolution data.

Difference factor(fl)

Difference factor (f1) calculates the percent difference
between the two curves at each time point and is a
measurement of relative error between the two curves.
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COMPARISON OF DISSOLUTION PROFILES -

S REQUIREMENTS
2 IR, - T,l The dissolutionofthe testand reference products must be
fi=3{—x100 carried out in the apparatus USP | at 100 rpm or the

%

n - number of time points

R - dissolution value of reference(pre change) batch at
time t

T - dissolution value of the test (post change) batch at
timet

Similarity Factor (f2)

The similarity factor (f2) is a logarithmic reciprocal
square root transformation of the sum of squired error
and is a measurement of the similarity in the percent
dissolution between the two curves. The concept of
similarity factor (f2) has been endorsed by Food and
Drug Administration (FDA); therefore, it is widely
adopted in formulation and development and dossier
preparation.™

-0.5

/5 =50log (H%E(R, -zf) %100

d resicignoindex

A bio equivalence index to measure the dissimilarity
between reference and a test procedure -based on the
plasma concentration as function of time. Index is also be
used for comparison of dissolution data.™*®

Post hoc procedure

post hoc analysis (from Latin post hoc means "after
this") consists of statistical analyses that were specified
after the data was seen. This typically produces a
multiple testing problem because each potential analysis
is effectively a statistical test. Multiple testing
procedures are sometimes used to recompensate, but that
is often difficult or impossible to do precisely.
Interpretation and conduction of post hoc analysis
without any proper consideration lead to data dredging
by critics because the statistical associations that it finds
are often spurious.!*’ !

They are generally based on a familywise error rate; the
probability of at least one Type lerror inaset (family) of
comparisons. The most common post-hoc testsare:

e Bonferroni Procedure

Duncan's multiple range test (MRT)

Dunn’s Multiple Comparison Test

Fisher’s Least Significant Difference (LSD)
Tukey’s Test

Rodger’s Method.?"!

apparatus Il at 50 rpm using 900 ml of the following

dissolutionmedium:

e Acid media such as 0.1 N HCI or USP simulated
gastric fluid without enzyme

e Acetate buffer pH 4 and Phosphate buffer of pH 6.8
or simulated intestinal fluid USP without enzyme.

If the test and the reference product show a dissolution
greater than 85% in 15 minutes, the profiles are
considered to be similar (no calculation required). If not,
Calculate the value f2. If f2 > 50, the profiles are
considered to be similar and no further in vivo study is
necessary. Note that only one measurement must be
considered after 85% of dissolution of the two products
and outside zero point. A minimum of 12 dosage units of
the drug product should be evaluated.”!

Current approaches to the dissolution profile

similaritytest

Similarity f2 is a relatively simple and widely accepted

method for comparing dissolution profiles.so many

regulatory authorities require the use of the f2 test for

this purpose. However, the rules and criteria associated

with the application of this test are not harmonized

worldwide. The following aspects associated with the

similarity factor approach are compared to obtain a exact

result. They are

& criteria f2 to demonstrate the similarity

& Exemption criteria for f2 comparisons

& Minimal number of time points required for an f2
calculation

> Determination of the last time point for a f2
calculation

>4 Coefficient of variation criteria

It is easy to calculate and a clear acceptance criterionfor
the similarity of the profile (i.e. f2 > 50) has been
established. An f2 value of 50 corresponds to an average
differenceof 10% at all the specified times.

In general, the f2 test is an acceptable approach to assess
the similarity of product quality and performance
characteristics  after post-approval modifications.
Similarly, the f2 test offersthe possibility of obtaining an
exemption from in vivo bioequivalence studies for
additional assays according to certain criteria of
biowavers specified in the appropriate directives.

The 2 assessment should be performed with a specified
number of reference (before exchange) and test (after
exchange) drug lots. In Japan and Korea, for example,
three production lots before exchange are tested and the
batch with the intermediate dissolution rate is selected as
the batch reference; similarly, three post-exchange
production batches are tested and the batch with the
intermediate dissolution rate is selected as the test batch.
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The dissolution profiles of the reference and test
products are produced with a validated dissolution
method using the medium described in the regulatory
application as well as two additional media. The purpose
of testing the product in these three media is to assess its
performance of dissolution across the physiologically
relevant pH range. In cases where several time points
and several media tests are necessary, special attention
must be paid to the selection of media.

To accurately compare two profiles using these
adjustment factors, the dissolution results must be
obtained at a sufficient number of time points to
correctly characterize the shape of the dissolution
profiles. Since the awerage dissolution profiles are
compared using these adjustment factors, the variability
associated with the dissolution results of the individual
dosage forms at each time must also meet certain
regulatory criteria.l”)

f2 Criteria for demonstrating similarity

According to the guidelines issued by the 14 regulatory
authorities evaluated in this study, f1 values up to 15
(0,15) and f2 values greater than 50 (50,100) guarantee
the similarity or equivalence of the two profiles. Values
less than 50 may be acceptable if they are justified.™

Disadvantages of the f2 method for the development
of pharmaceutical products

Because of its simplicity and adoption by various
regulatory agencies, the f2 method has grown in
popularity and is widely used to guide similarity
decisions, but it is not a good statistical estimator of
similarity.

First, f2 is limited to a pairwise comparison. When there
are N groups of dissolution profiles, the values N * (N1)
/2 2 must be calculated. However, in cases where the
similarity is studied among groups of dissolution profiles
without obvious reference, the matrix f2 cannot provide a
direct interpretation.™

Part of the formulation study based on the comparison of
the drug profile is given below:

Statistical comparison of the dissolution profile of
marketed products aceclofenac

In vitro dissolution study Dissolution was carried out on
five formulations of aceclofenac 100 mg tablets, one
branded coded formulation (reference) and four generic
formulations. The dissolutionwas carried out on six units
of each formulation using the apparatus USP Il (Paddle)
at 376 0.58 ° C in 900 ml of phosphate buffer medium of
pH 6.8 at 50 rpm. After an appropriate time interval, a
sufficient volume of sample was taken and filtered
through the Whatman # 41 filter. Inmediately, the same
volume of fresh dissolution medium was transferred to
the dissolution flask. The samples were taken at an
appropriate  time interval and analyzed by
spectrophotometry at 275 nm.

Statistical evaluation

ANOVA-based procedures

One-way ANOVA plus Tukey's post hoc tests on
dissolved percentage data were applied using Microsoft
Excel 2007.

Model independentmethods

Report testprocedures

Three types of ratio test procedures were performed:
dissolved percentage ratio test, area under curve curve
test, and average dissolutiontime ratio test. Each of these
procedures compares the dissolution profile of two
formulations at a given time. A descriptive statistical
data analysis tool on three types of ratio test was
performed to analyze the standard error and a 90%
confidence level for the mean value of the ratio of the
dissolved percentage, AUC and the average dissolution
time.

Pairedprocedures

These include the difference factor f1, the similarity
factor 2 and two rescigno indices. Rescigno proposed a
bioequivalence index to measure the dissimilarity
between a reference product and a test product based on
the plasma concentration as a function of time. This
index can also be used for drug dissolution data. Like the
ratio test procedure, pair procedures compare the
dissolution profile of a pair of products and use 90%
approach to trust. The main advantage of equations f1
and f2 is to provide a simple way to describe the
comparison of the data. The factor f1 measures the
percentage of error between two curves at all points. And
measures the differences between two dissolution
profiles. This index is 0 when the two release profilesare
identical and when the drug coming either from the test
or from the reference formulation is not released at all.

Model-dependent methods

Model dependent approaches, including zero order, first
order, Hixson-Crowell, Higuchi and Weibull models, as
described in Table 1, were applied taking into account
the amount of drug release from 0 to 90 mins. The
following graphs were produced: cumulative% of drug
release as a function of time (zero order kinetic model);
cumulative log of the remaining drug as a function of
time (first order kinetic model); cumulative% of drug
release relative to the square root of time (Higuchi
model), cubic root of the drug% remaining in the matrix
relative to time (law of the Hixson Crowell cubic root)
and logarithm of the dissolved amount of drug with
respect to the logarithm of time (Weibull model From the
mean ratio of the model parameter and the ES of the
mean ratio, a confidence level of 90% was assessed.*!

RESULTS

The FDA suggests some acceptable approaches for
establishing similarity in dissolution profiles, such as
model-independent or model-dependent approaches,
although any of the approaches will be considered once
justified. Due to the emphasis on comparing dissolution
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profile data in the FDA guidelines, the interest of
pharmaceutical scientists has focused on the
methodology used to comparethe dissolution profile. The
FDA states that in cases where the intra-batch variability
is greater than 15% coefficient of variation (CV), a
procedure independent of the multivariate model is more
appropriate for the comparison of dissolution aaprofiles.
It is further stated in the guidance document that to allow
the use of awerage data, the percentage coefficient of
variation (% CV) should not be greater than 20% at
previous times, and at other time points, the % CV
should not be higher. 30%.

Table 1: Mathematical models used to describe
dissolution curves

Zero order Q=0Q,+K{t

First order 1Q =10Q,+Kt
Hixson-crowell Qw”"‘ -Q"”=K{

Higuchi Q=K

Weibull Log[=In(1=(m))] = blogt=loga

Table 2: Results of one-way ANOVA

ANOVA
Source of variation 8§ df  MS F

P-value Ferit
Between groups 6072356 4 1518.089 3.325194 0038708 3.055568
Within groups 0848.123 15 456.5415

Total 1292048 19

SS - Sum of squares; MS - Mean square error; df - Degree of freedom

Table 3: Descriptive statistic for the ratio test procedure

Ratio T1/81 T2/81 T3/81 T4/S1
Percentage
Mean 1.0124 0.7919 0.5521 0.7568
Std. error 0.0367 0.0188 0.0399 0.0303
90% CL 0,0863 0.0442 0.0804 0.0611
Area under the curve
Mean 1.0243 0.7903 0.5534 0.7423
Std. error 00301 0.0158 0.0444 0.0239
90% CL 0.0708 0.0373 0.0896 0.0481
Mean dissolution time
Mean 0.9973 1.2587 1.8589 1.3908
Std.error 0.0409 0.0336 0.1339 0.025
90% CL 0.0963 0.0791 0.2698 0.0503

Table 4: Mean values of f,, f, and two indices of rescigno

TivsSI T2 vsSI T3vs SI T4 vsS1
f, 5.60483 20.49834 4856718 30.01353
f 59.48955 34.95411 16.65016 2647835
4 0028063 0.031224 0.037012 0.032972
5 0.16752 0.176704 0.192385 0.181583

Similarity can be claimed when the lower limit of 95%
for f2 is greater than or equal to 50. The result obtained
will be biased low, making it a conservative estimate.
This means that the lower bound of 2 will be lower by
more than 50 more often than expected in cases where
the differences in the actual dissolution profiles would
give values of f2 close to 50.

These values can be considered as the maximum
admissible% CV in various researchworks. To assess the
difference between the four lots, the Tukey test can be
performed on the results of the ANOVA. The results of
Tukey's test would show that there could be a statistically
significant difference between the batches. The ANOVA
methods take into account the variability of the
dissolution profile datain the comparison at each instant,
they ignore the correlation between the instant of
dissolution.

According to FDA guidelines, the values of f1 must be
between zero and 15 and f2 between 50 and 100
guarantee the similarity or the equivalence of the two
dissolution profiles.?!
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CONCLUSION

General approaches for comparing dissolution profiles
were discussed; they have proven to be model dependent
and model independent approaches. Dissolution tests are
generally used to direct the dewvelopment of new
formulations, examine the quality of drugs, assess the
potential impact and effect of post-approval changes on
product performance and, in some cases, predict the in
vivo performance of the drug also. It is often necessary
to collect dissolution data at several times to adequately
characterize the in vitro performance of the drug product
more precisely than the point estimation approach. This
study was planned in order to study several methods, to
become familiar with the numerical results and to
evaluate the advantages and disadvantages of these
methods.

The study showed that the analysis of dissolution profiles
depends on the target information and must take into

Figure 4: Mean dissolution profile of the ratio of mean dissolution bme

account the applicable decision scenario as well as the
intrinsic data structure. Critically, if the objective is to
optimize a product or a process, the method used to
analyze the data must take into account the multivariate
nature of the information, the intrinsic auto- correlated
nature of the dissolution profiles and the availability of
the intra- group variability as a means. to determine
reliability and importance.

The evaluation and direct application of model
dependent methods and statistical methods are more
complicated. While model dependent methods present an
acceptable model approach to the true relationship
between dependent and independent variables, statistical
methods include post hoc procedures for comparing
dissolution data. The disadvantages of model
independent methods are the values of f1 and f2 are
sensitive to the number of dissolution points and the
basis of the criteria for deciding the difference or
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similarity between the dissolution profiles is unclear. The
limitation is that, only when the intra- batch variation is
less than 15%, the equation f2 should be used.™!
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