Macedonian pharmaceutical bulletin, 66 (1) 43 - 53 (2020)
ISSN:

UDC: 615.225.2:615.453.6.015

DOI: 10.33320/maced.pharm.bull.2020.66.01.005
Original scientific paper

Optimization and statistical evaluation of discriminative
dissolution method for bisoprolol immediate-release film
coated tablets

lvana Mitrevska'", Katerina Brezovska?, Aneta Dimitrovska?, Suzan Memed-Sejfulah?,
Sonja Ugarkovic

'Research & Development, Alkaloid AD, Blvd. Aleksandar Makedonski 12,
1000 Skopje, North Macedonia
*Faculty of Pharmacy, Ss. Cyril and Methodius University, Mother Theresa 47,
1000 Skopje, North Macedonia

Received: January 2020; Accepted: February 2020

Abstract

This study presents optimization of a statistically based approach for setting up the dissolution test conditions for bisoprolol film-
coated tablets using multivariate release models as predictive in vivo assessment tools for formulation behaviour. Additionally, the
dissolution profiles of three different strengths of bisoprolol film-coated tablets were evaluated. According to the biopharmaceutics
classification system, the tested medicinal product belongs to BCS Class | (high solubility, high permeability).

Three dissolution media, including the dissolution medium of choice (pH 1.2) according to the USP monograph for bisoprolol
tablets and two apparatus, paddle and basket were applied. The optimal conditions for performing the dissolution test were following:
900 mL of pH 1.2 as dissolution medium, apparatus 2 (paddle) with 75 r/min stirring speed. The quantity of the released active substance
was determined using HPLC method.

For a reliable statistical analysis, multivariate methods such as model-dependent approach coupled to multivariate statistics
(Weibull), multivariate model-independent approach based on generalized statistical distance (Mahalanobis distance) have been applied
for evaluation of dissolution profiles. All applied statistical approaches unequivocally support the underlying similarity of the pairs in
different media between different strengths. Moreover, the optimized dissolution method has a discriminatory power to reflect the
characteristics of the medicinal product in order to distinguish any changes related to quantitative composition of the formulation.

Keywords: bisoprolol film-coated tablet, dissolution profiles, model-independent multivariate statistical distance, model-dependent
multivariate statistical distance

dosage forms and to provide information about the active
substance release in function of time. It is required when
the absorption of the active substance is necessary for
therapeutic effect. Almost every monograph of solid
dosage form, in official pharmacopoeias, states the
conditions for performing the dissolution test. However,
parameters for setting up the dissolution test should be
investigated and optimized for current medicinal product

Introduction

Dissolution tests are used for many purposes in the
pharmaceutical industry: in the development of new
medicinal products, for quality control and, to predict the
in vivo performance. The dissolution test is developed for
evaluation of in vitro availabilitv of solid nharmaceutical
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formulation (Guidance for industry FDA, 1997; USP 38-
NF 33, 2015).

Generally, in the development of dissolution test
conditions for immediate release solid oral dosage form,
water is used as dissolution medium. Aqueous buffer
solutions or diluted hydrochloric acid can also be applied.
Surfactants and electrolytes can be added to the medium
with the intention of improving the solubility. Paddle is
usually used as apparatus for tablets, at the stirring speed
of 50 r/min or 75r/min. Basket is usually used as
apparatus for capsules or pharmaceutical forms that tend
to float in the dissolution medium. In this case, the usual
stirring speed is 100 r/min. The evaluation is
accomplished after the end of the test, determined the
percent of the active substance release in the dissolution
medium (Soni et al., 2008).

The establishment of dissolution profiles is
recommended as support in the development phase for
determination of in vitro/in vivo correlation. This could be
achieved if the conditions in the gastrointestinal tract were
successfully reconstructed in vitro. Therefore, brief
comments are made concerning the optimization of in
vitro dissolution media as well as the hydrodynamics of
the test. A combination of physical-chemical
measurements, in vitro tests, in vivo methods, and
physiology-based pharmacokinetic modelling is expected
to create a unique knowledge platform, enabling the
bottlenecks in drug development to be removed and the
whole process of medicinal product development to
become more efficient.

Regarding to the biopharmaceutics classification
system (Amidon et. al.,, 1995), the active substance
solubility profile in buffer solutions with different pH
values, its pKa value and partition coefficient should be
considered for setting up the dissolution test conditions
(Lobenberg et al., 2000). Comparison of medicinal
product dissolution profiles is recommended in three
different dissolution media, in the pH range of 1-7.5
(Carvalho-Silva et al., 2004).
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Fig. 1. Chemical structure of bisoprolol fumarate.

The evaluated medicinal product in this study,
bisoprolol film-coated tablets, belongs to BCS Class |
(high solubility, high permeability), thus the particle size
of bisoprolol fumarate is not a critical parameter.

Bisoprolol fumarate (Fig. 1) is highly beta 1-selective
adrenoreceptor antagonist. The active substance has pKa
values of 9.59+0.01 and molecular weight of 441.5 g/mol.
The study of its solubility profile in buffer solutions of
different pH values indicates that bisoprolol fumarate is a
highly ~ soluble active  substance.  Additionally,
pharmacokinetic data regarding absorption and plasma
concentration indicate that bisoprolol fumarate is a high
permeability active substance (Tjandrawinata et al., 2013,
https://pubchem.ncbi.nlm.nih.gov/compound/Bisoprolol-
fumarate).

Several methods for evaluation and comparison of
the dissolution profiles are described in the literature.
Model-dependent methods consider various mathematical
models to associate profiles. According to Costa and Lobo
release models with major applicability and that best
describe active substance release phenomena are Weibull
along with Higuchi, zero-order and Korsmeyer-Peppas
(Costa et al., 2001).

The aim of this study was to optimize statistically
based approach for setting up the dissolution test
conditions for bisoprolol film-coated tablets using
multivariate release models as predictive in vivo
assessment tools for formulation behaviour. Additionally,
the dissolution profiles of three different strengths of
bisoprolol film-coated tablets were evaluated.

Materials and methods

Reagents, materials and equipment

Bisoprolol film-coated tablets 2.5 mg, 5 mg and 10
mg, bisoprolol fumarate working standard (WS),
potassium dihydrogen phosphate and sodium hydroxide
were with analytical grade. Dissolution media: pH 1.2
(HCI, NaCl), acetate buffer pH 4.5 and phosphate buffer
pH 6.8 were prepared according to directions in European
Pharmacopeia monograph (Ph. Eur., 5.17., 2010).

The following instruments were used: six-station
dissolution apparatus (Varian-Vankel 7025 Model:
115/230) in accordance with USP general methods, pH
meter (Mettler Toledo), hotplate stirrer (IKA C-MAG
HS7), analytical balance (Sartorius CPA 225D-OCE). The
active substance release percent (DR %) was assayed by
HPLC method at the wavelength of 227 nm, in accordance
with the United States Pharmacopeia general method
(USP-31- NF 26, Vol 3:3526, 2008).

Dissolution tests conditions

The dissolution tests on bisoprolol film-coated
tablets were performed using Apparatus | and Il at
37+0.5°, with a rotation speed of 75 r/min for paddle and
100 r/min for basket using 900 mL buffer pH 1.2 as
dissolution media. After the end of test time, each sample
aliquot was diluted to a suitable concentration and then
analyzed by HPLC method.
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Dissolution profiles conditions

Dissolution profiles for medicinal products were
carried out using the most suitable dissolution conditions
previously tested, and twelve (12) film-coated tablets of
each dosage strength were analyzed.

Sampling aliquots of 10 mL were taken at 10, 15, 20
and 30 minutes and replaced with an equal volume of the
fresh medium maintained at the same temperature. After
the end of each test time, samples aliquots were filtered
through 0.45 pm membrane filter (regenerated cellulose,
RC) and diluted with respective dissolution medium to a
suitable concentration and then analysed by HPLC
method.

Dissolution profiles were obtained plotting the
percent of the active substance release vs. time. For the
statistical evaluation of the equivalence between the
dissolution profiles, the dissolution efficiency was
calculated and methods based on multivariate statistics
were applied.

Multivariate model-independent approach based on
generalized statistical distance

The model-independent MSD method was first
proposed by Tsong al. (1996), and relies on the
determination of the similarity limits based on inter batch
differences in dissolution from tested batches or an
acceptable percentage difference. Evaluation of the
similarity is done after the estimation of the Mahalanobis
distance between its profiles, the corresponding 90% one-
sided confidence interval of true MSD. The MSD
procedure (Saranadasa et al.,, 2005) relies on the
calculation of the Mahalanobis Distance, according to Eq.

Q.

Dy = \/(XT —Xg )T 2;;looled (XT —Xg ) 1)

Multivariate model-dependent approach

As mentioned in the introduction, this classification
includes different methods of statistical comparisons
(multivariate in most cases) that require fitting the
dissolution curves to equations or models that represent
them. In general, there is no universal model to fit all
dissolution profiles, and there are no established criteria to
select the proper mathematical model. To choose the best-
fitting equation, average data (n=12) obtained for each
strengths were fit with two statistical software packages,
with Wolfram Mathematica 10 and Microsoft Excel 2007.

Nevertheless, what are the criteria to choose the “‘best
model”” to study active substance dissolution / release
phenomena? One common method uses is the coefficient
of determination, R? to assess the “‘fit”’ of a model
equation. Considering to R? value (>0.99) the Weibull
model was more useful for comparing the release profiles,
according to Eq. (2).
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Subsequently, the model parameters o and g have
been obtained for all available series of data by non-linear
least-squares fitting procedure.

Results and discussion

Model-independent methods associate the dissolution
assay results of simple ratio percent dissolved active
substance (t, %) or based on the area under the release
curve (AUC) of dissolution profiles, obtained from
reference and test products (Shah et al., 1998). The most
adopted model-independent methods are the difference
factor (f,) and the similarity factor (f,). Unfortunately, the
obtained results have shown that in vitro comparative
dissolution analysis using pair-wise independent-model
procedures, such as difference (f;)) and similarity (f,)
factors are not suitable, because one of the requirements
(not more than one mean value dissolves more than 85%,
for any of the formulations) was not fulfilled
(CPMP/EWP/QWP/1401/98 Rev. 1/ Corr., 2010).

Starting from all these considerations, this work was
divided in two parts. The first concerning the dissolution
test set up, using buffer pH 1.2 as dissolution media, two
apparatus and different rotating speed. The second part
implicated in the use of the optimized dissolution test
condition, obtained in the first part, to evaluate
dissolution profiles of three different dosage strengths of
the medicinal product.

The dissolution efficiency was calculated and all the
results were statistically compared. If the comparisons of
these profiles demonstrated similarity between different
product dosage strengths, in vivo bioequivalence testing
can be waived.

pKa

The active substance pKa value was determined using
the potentiometric titration method. Thus, 0.01 M
phosphate buffer was used to prepare the sample solution,
and pH of the buffer were accurately adjusted from pH
1.9 to 11.2 with 0.2 interval using 0.5 M HCIl and 0.5 M
KOH titrants as appropriate.

Form the obtained data, one pKa with an average
value 0f 9.59+0.01 was observed (Fig. 2).

Solubility

The sample intrinsic and kinetic solubility were
determined using the Sirius Curve fitting solubility
experiment. The sample solution was titrated from pH 4.4
to high pH with 0.5 M KOH. At a pH of 9.12, the sample
precipitated from solution, as detected by a UV-turbidity
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Fig. 2. Distribution of species of bisoprolol fumarate determinate with potentiometric titration method.

probe, corresponding to a kinetic solubility of 56 mM (18
mg/mL). After precipitation, the pH gradient was
monitored after each addition of KOH and the pH was
recorded when d(pH)/d(t) had tended to zero (i.e. where
the solid and solution are at equilibrium). The precipitate
Bjerrum curve thus obtained was used to calculate the
sample intrinsic aqueous solubility (46.9 mM) using mass
and charge balance equations. It should be noted that as
the kinetic and intrinsic solubility of this compound are
similar, this compound is not capable of forming
significantly  supersaturated  solutions under the
experimental conditions of this investigation (Avdeef et.
al., 1982).

The sample solubility was also determined in buffer
pH 1.2, using a shake-flask protocol with sample
quantification by UV-spectroscopy. To enable sample
quantification, the molar extinction coefficients of
bisoprolol fumarate were measured at a sample
concentration of 50 uM in pH 1.2. To determine the
solubility, 3.0 mL of buffer pH 1.2 was added to 7.2 g of
pure bisoprolol fumarate, producing a suspension that was
subsequently agitated for 12 hours on an electronic shake-
plate. After agitation, the sample was left for a
sedimentation period of 12 hours before an aliquot of the
supernatant solution was extracted by pipette, filtered
under vacuum through a 0.2 pm PVDF filter plate, and its
absorption spectrum recorded in pH 1.2 (diluted by a
factor of 10000). The solubility was subsequently

determined as 2182 mM (1674 mg/ml) from the measured
absorption of the supernatant solution (over a wavelength
range of 250 nm-270 nm), the experimental dilution
factor, and the previously determined molar extinction
coefficients (Fig. 3).

Dissolution test results

Optimization of the method included selection of
suitable stirring speed in order to obtain dissolution
method with required performance, providing data that are
not highly variable and to avoid coning or mounding
problems. On 50 r/min conning was noticed which lead to
incomplete release of active substance from tablets and
risk for obtaining variable results. On the other hand,
when compared paddle (75 r/min) vs. basket (100 r/min)
similar profile of active substance release was observed.
Dissolution was evaluated by measuring the amount
dissolved over time and carried out on twelve (12) tablets.
The obtained results are presented in Table 1. The
dissolution profile of bisoprolol 10 mg film-coated tablets
is shown on Fig. 4.

The results from evaluation of dissolution profile
using pH 1.2 as dissolution medium and paddle or basket
as apparatus at the stirring speed of 75 r/min, the show no
evident difference. According to the results represented in
Fig. 4, it could be presumed that basket as apparatus at
stirring speed of 100 r/min is equivalent to paddle as
apparatus at the stirring speed of 50 r/min.

Maced. pharm. bull., 66 (1) 43 — 53 (2020)
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Solubilty Versus pH Profile
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Fig. 3. Solubility vs. pH profile of bisoprolol fumarate.

The discriminatory power of the proposed dissolution
method was confirmed by comparing the dissolution
profiles for the two different formulations of Bisoprolol
film-coated tablets in buffer pH 1.2 with paddle 75 r/min:
original formulation and formulation with Hypromellose
K (coating excipient) vs. proposed formulation with
Hypromellose K 15 Premium K (coating excipient).
Results have shown substantial differences in the
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dissolution profiles of the given formulations (Fig. 5).

Results reveal that inclusion of Hypromellose K 15
Premium in the formulation decreased the percent of
dissolved substance from cca 100% (proposed
formulation) down to cca 18% after 20 minutes.
According to the above statement, the investigated
dissolution conditions provide a method that is
discriminating.

—@— Bisoprolol 10 mg film-coated
tbl., paddle 75 r/min, 900 mL

—@— Bisoprolol 10 mg film-coated
tbl., paddle 50 r/min, 900 mL

Bisoprolol 10 mg film-coated
tbl., basket 100 r/min, 900 mL

30 40

Fig. 4. Dissolution profile of bisoprolol 10 mg film-coated tablets using different apparatus and rotating speed.
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Table 1. The obtained results of dissolution test of bisoprolol 10 mg film-coated tablets using different apparatus and
rotating speed
Medium pH 1.2
Bisoprolol 10 mg film-coated tbl. Bisoprolol 10 mg film-coated tbl. Bisoprolol 10 mg film-coated tbl,
paddle, 75 r/min, 900 mL paddle, 50 r/min, 900 mL basket, 100 r/min, 900 mL
Time 10° 15 20° 30 10° 20° 30 10° 15° 20° 30
min.= 92.66 92.63 93.15 93.44 3387 4231 4574 57.16 90.38 90.04 89.92 89.75

max.= 105.67 100.85 100.50 99.36 90.52
Average=  98.68 97.04 96.49 96.22 74.49
SD= 3.15 2.38 2.15 1.83 15.44
% RSD= 3.19 2.45 2.23 191  20.72

9482 9396 9647 10195 101.10 101.27 101.19
81.27 8430 8841 96.04 95.67 95.59 95.35
13.92 13.07 1041 3.65 3.54 3.50 3.50
17.12 1550 11.77 3.80 3.71 3.66 2.57

Comparative dissolution data

In order to confirm the applicability of the proposed
dissolution method for all the strengths of bisoprolol film-
coated tablets (2.5 mg, 5 mg and 10 mg), the dissolution
profiles in 900 mL buffer pH 1.2 with paddle rotation
speed of 75 r/min were compared. Results of performed
comparative dissolution study are provided in Table 2 and
Fig. 6. The procedures have been performed in a standard
apparatus 2 with paddle at rotation speed of 75 r/min in
900 mL of above-described medium. The dissolution rate
of bisoprolol fumarate has been determined using HPLC
method. Similarity have been justified by dissolution
profiles covering four time points obtained at specified
medium buffer pH 1.2, 4.5 and 6.8. Evaluation of the
dissolution profile in three different mediums was done
on:

- Bisoprolol 10 mg film-coated tablet wvs.

Bisoprolol 5 mg film-coated tablet

120,00
100,00
80,00
60,00

40,00

% active substance release

20,00

0,00 €

0 5 10 15
Time (minutes)

- Bisoprolol 10 mg film-coated tablet vs.
Bisoprolol 2.5mg film-coated tablet
The results obtained from all generated profiles,
more than one mean value above 85% for any of the
tested batches is observed at 15 minutes, creating a
consequence that the f, statistics for determining profile
similarity is not applicable. In accordance to the guideline
(EMA, Guideline on the investigation of bioequivalence,
2010) in such cases alternative statistical methodologies
can be employed for demonstrating dissolution similarity.
Therefore, in order to provide a more accurate,
statistically justified conclusion, analysis on the basis of
model-independent method based on generalized
statistical distance and model-dependent method, coupled
to multivariate statistical approach were accomplished.
A multivariate confidence region procedure, based
on 90% confidence intervals of the generalized statistical
distance between the variables is carried out.

—8—Bisoprolol 2.5 mg mg film-
coated tbl., Hypromellose K
15 Premium

—@—Bisoprolol 2.5 mg mg film-
coated tbl., Hypromellose

Bisoprolol 5 mg mg film-
coated tbl., Hypromellose K
15 Premium

—@—Bisoprolol 5 mg mg film-
coated tbl., Hypromellose
20 25

Fig. 5.  Dissolution profile of bisoprolol 2.5, 5 and 10 mg film-coated tablets with a change in the type of excipients

(mis-manufactured).
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Fig. 6. In vitro dissolution profiles of different strengths of bisoprolol film-coated tablets: a) in medium pH 1.2, b) in
medium pH 4.5, ¢) in medium pH 6.8.
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Table 2. In vitro dissolution profiles of different strengths of the medicinal products

Table 2a. In vitro dissolution profiles of different strengths of the medicinal products in medium pH 1.2
Bisoprolol 10 mg film-coated thl. Bisoprolol 5 mg film-coated tbl. Bisoprolol 2.5 mg film-coated tbl
Time 10° 15° 20° 30° 10° 15’ 20 30° 10 15’ 200 30°
min.= 75.89 84.17 87.18 92.01 69.71 81.67 86.92 94.28 59.26 68.28 75.48 82.77
max.= 94.94 97.17 100.33 102.89 88.18 98.28 101.05 102.36 93.25 98.53 98.60 99.99
Average= 85.93 89.70 91.90 94.66 81.90 87.18 93.89 96.32 77.00 88.89 92.01 95.42
SD= 5.56 433 3.69 2.89 6.19 4.63 3.75 2.13 10.18 8.87 6.62 4.59
%RSD= 6.47 4.83 4.01 3.05 7.56 531 4.00 2.21 13.22 9.98 7.20 481
Table 2b. In vitro dissolution profiles of different strengths of the medicinal products in medium pH 4.5
Bisoprolol 10 mg film-coated tbl. Bisoprolol 5 mg film-coated tbl. Bisoprolol 2.5 mg film-coated tbl
Time 10 15 20 30 10 15 20 30 10 15 20 30
min.= 71.15 80.87 79.96 81.39 56.61 72.59 79.73 88.63 47.78 70.06 65.33 72.78
max.= 100.54 100.49 98.56 101.35 97.13 98.25 100.25 99.93 96.95 96.93 99.82 98.11
Average= 84.55 88.82 89.80 91.66 76.07 87.01 90.85 93.23 73.83 84.76 89.07 92.94
SD= 8.70 5.21 5.20 5.11 13.73 6.98 5.29 3.67 13.73 7.29 8.72 6.68
%RSD= 10.29 5.87 5.79 5.58 18.05 8.03 5.82 3.94 18.60 8.60 9.79 7.19
Table 2c.  In vitro dissolution profiles of different strengths of the medicinal products in medium pH 6.8
Bisoprolol 10 mg film-coated tbl. Bisoprolol 5 mg film-coated tbl. Bisoprolol 2.5 mg film-coated tbl.
Time 10 15 20 30 10 15 20 30 10 15 20 30
min.= 75.89 84.17 87.18 92.01 69.71 81.67 86.92 94.28 59.26 68.28 75.48 82.77
max.= 94.94 97.17 100.33 102.89 88.18 98.28 101.05 102.36 93.25 98.53 98.60 99.99
Average= 85.93 89.70 91.90 94.66 81.90 87.18 93.89 96.32 77.00 88.89 92.01 95.42
SD= 5.56 4.33 3.69 2.89 6.19 4.63 3.75 2.13 10.18 8.87 6.62 4.59
%RSD= 6.47 4.83 4.01 3.05 7.56 531 4.00 2.21 13.22 9.98 7.20 4.81
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Table 3. Mahalanobis distance between 10 mg vs.5mg and 2.5mg film-coated

K F(p,n1+ n2-p-1,0.90) DM 90 % Cl-low 90 % Cl-high DM, max.
pH 1.2
5 mg 1.2955 2.2663 1.3523 0.0296 2.6749 3.5588
2.5mg 1.2955 2.2663 1.1128 -0.2099 2.4355 3.7819
pH 4.5
5mg 1.2955 2.2663 1.2020 -0.1206 2.5247 2.4069
2.5mg 1.2955 2.2663 1.4430 0.1203 2.7656 2.0141
pH 6.8
5mg 1.2955 2.2663 3.2779 1.9552 4.6006 3.9548
2.5mg 1.2955 2.2663 1.8335 0.5108 3.1561 2.8107

Table 4. Two-parameter Weibull model function — logarithmic (In) transformation of data for fitting parameters between different strengths of the medicinal

product
K F(p,n1+ n2-p-1,0.90) DM 90 % Cl-low 90 % Cl-high DM, max.
pH 1.2
5 mg 2.7329 2.5893 1.2010 0.2276 2.1744 18.4107
2.5mg 2.7329 2.5893 0.7649 -0.2084 1.7383 18.4107
pH 4.5
5 mg 2.7329 2.5893 0.4218 -0.5264 1.3700 6.5615
2.5mg 2.7329 2.5893 0.4879 -0.4603 1.4361 6.5615
pH 6.8
5 mg 2.7329 2.5893 2.2932 1.3199 2.6153 3.3603
2.5mg 2.7329 2.5893 1.6420 0.6686 2.6153 3.3603
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The method that is actually adopted in the present
study closely follows the approach derived by Tsong et al.
(1996). These authors have described a multivariate
method that uses the Mahalanobis distance as a particular
generalized statistical distance parameter, which takes the
variability and correlation structure into account in
measuring the difference between mean dissolution
profiles (Table 3).

The decisions of similarity can be made with
appropriate comparison of the confidence limits of the
estimated metric with a prespecified similarity limit
DM, ax. The 90% confidence limits of Dy, can be obtained
from the multivariate confidence region of the expected
values of Xy and Xer (the sample means), under
multivariate normal assumption. When looking at the
results from the performed multivariate method, it is
obvious that these dissolution profiles can be considered
as similar.

Additionally, for the purpose of the present study
model-dependent approach function based on generalized
statistical distance was applied. The first step of the
model-dependent analysis involved selection of a suitable
mathematical function to describe the dissolution data.
Considering the higher determination coefficient, the
preferred model that fits best to the dissolution data
between strengths was the Weibull distribution model.
The Weibull shape parameter, B, showed no significant
variation (>1). The results of the Weibull-multivariate
statistical test are presented in Table 4.

Conclusion

The dissolution profiles of three different strengths
of bisoprolol film-coated tablets were evaluated using
optimized statistical approach based on multivariate
release models. All applied statistical approaches
unequivocally support the underlying similarity of the
pairs in different media between different strengths. The
preferred model that fits best to the dissolution data
between strengths was the Weibull distribution model.
The optimized dissolution method has a discriminatory
power to reflect the characteristics of the medicinal
product in order to distinguish any changes related to
quantitative composition of the formulation.

The discriminating multivariate statistical approach,
described in this paper, provides extra arguments when
deciding if two profiles are similar, as it allows a better
description of the dissolution process (i.e., rate and
amount dissolved) and thus a better prediction of in vivo
performance.  According to these simulations, the
established approach can be used to waive in vivo
bioequivalence testing between different strengths form
the medicinal product.
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Pe3znme

OnTuMu3anuja v CTATUCTHYKA eBaJIyalllja Ha
JTUCKPUMHUHATOPEH METO/ HA PACTBOPJIUBOCT 32
ouconposioa GuiaM-00/10:KeHH TA0JIETH CO
KOHBEHIMOHAJIHO 0CJ10001yBam-€

1* 2 2

NBana Mutpescka , Karepuna bpe3zoscka®, Anera /[lumurpoBcka’,
- 1 1
Cyzan Memen-Cejdynax”, Coma YrapKkoBUK

YWempaseysarse u Passoj, AMkanouo AJ] Ckonje, Byn. Anexcandap Makedoncku 12,
1000 Ckonje, Cesepna Maxeoonuja
2d7ap/\4az4e6mcxu ¢axynmem, Yuueepzumem ,, Ce. Kupun u Memoouj
Majxa Tepesa 47, 1000 Cronje, Cegeprna Maxeoonuja

Koayunu 360poBu: 6ucornpoion Gpuim-o010xeHn TabeTH, MPOGHIN Ha PACTBOPIMBOCT, MOJIeNI-HE3aBHCHA
MYJITUBapHjaTHa CTATHCTHKA, MOJIENI-3aBUCHA MYJITUBApHjaTHA CTATHCTHKA

Bo 0BOj Tpyn mpuKkakaHa € ONTHMH3allija Ha CTAaTUCTUYKM Oa3upaH MPUCTAIl 3a BOCIIOCTaBYyBame Ha YCIOBH 3a
OIpezieTyBambe Ha PacTBOPIIMBOCTA Ha OMCOIPOIIoI (priIM-00JI0%KEeHH TabJIeTH CO MPUMEHA Ha MYJITHBAPHjaTHU MOJICIH 3a
NpeIBHAYBakC HAa KapaKTepUTHUKHTE Ha (opmynanujata Bo iN ViVO ycnoBu. JOMOJHUTENHO, €BaTypHpPaHH CE M
NpoQHUINTE Ha PACTBOPIMBOCT 3a TPHUTE PA3THIHM jaYNHHU 0] OMCOMpoIton GriIM-o0nokeHuTe Tabietn. Bo cormacHoct co
,,brHodapmarneBTcKkioT cucteM 3a kinacudukaumja’® (BCS), wucnuryBanunot nek npumara Ha BCS kmaca 1l (Bucoka
PacTBOPIIMBOCT, BUCOKA EPMEAOMITHOCT).

VcnuTyBameTo € M3BPILIEHO CO IPHMEHa Ha TPH MEINYMH 3a PacTBOPIMBOCT, BKIYYUTENHO U Meauym co pH 1,2,
MITO € TPETCTaBeH Kako Meanym oJ n30op Bo USP MmoHorpadwujara 3a Gucomnposion TabaeTH u co MpUMeEHa Ha J[Ba anapaTu
3a pacTBOPJHMBOCT, BeCIO M Kopra. Kako onTuMaliHM YCIIOBH 3a M3Beibda Ha TECTOT 3a pPacTBOPIMBOCT HM30paHH ce
ciennure ycnosu: 900 mL menuym 3a pactBopimBoct pH 1,2, amapar 2 (Becno) co Op3nHa Ha BpTEHE 75 BPTEKH BO
munHyTa. CompkuHaTa Ha 0CJI000/JcHaTa aKTUBHATA CYIICTaHIM]ja ¢ onpeaeacHa co npumena Ha HPLC meron.

Epanyanujara Ha npoduinuTe Ha PacTBOPJIMBOCT € M3BPIUEHA CO IIPUMEHA Ha CTaTUCTHYKa aHAIW3a Oa3upaHa Ha
MYJITHBapHjaTHH METOAM KakKo INTO CE. MOJEN-3aBHCHHOT IPHUCTAll BO KOMOMHAIWja CO MYJITHBapHjaHTHa CTaTUCTHKA
(Weibull) u Mozen-He3aBUCHHOT METOJ 3aCHOBaH Ha FEHEpaIM3UPaHO CTaTHCTHYKO pactojanue (Mahalanobis distance).
Cure NpUMEHETH CTAaTUCTHYKH HPHCTAlM HEABOCMHCIICHO ja INMOAP)KYBAaT CIMYHOCTA HA CIIOPEICHHUTE IAPOBH BO
UCIIUTYBaHUTE MEIUYyMH NOMEly PasjIMYHHTE jauuHH Ha JIEKOT. ONTHMH3UPAHUOT METOJ 3a PacTBOPJIMBOCT IOCEIyBa
JUCKPUMHHATOPHA MOK Jia TH IPETCTaBM KapaKTepPUCTUKUTE HA MEAMIMHCKHOT MPOM3BOA M Ja TH JCTEKTHpa
€BEHTYAJIHUTE TIPOMEHH [TOBP3aHN CO KBAHTHTATHBHHOT COCTaB BO (hOpMyJianujara.
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