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ABSTRACT

In this work, quality control tests were carried out to evaluate several quality characteristics of five brands of commercially
available aspirin tablets including mechanical hardness, friability, disintegration, and in vitro dissolution. Brands A and B or
brands C, D, and E had similar results for hardness, friability, and disintegration rates, indicating that the two groups of the
brands had different manufacturing conditions. Comparisons of dissolution profiles of the different brands were carried out
by both model-independent and model-dependent approaches. Results obtained via the model-dependent approach show
a first-order drug release mechanism for all five brands of aspirin tablets. From both difference and similarity factors, it was
concluded that all five brands of commercially available aspirin tablets are similar.

INTRODUCTION

spirin is one of the most commonly used drugs
A in the world with approximately 35,000 tons

produced and consumed annually (7). Aspirin is
a nonsteroidal anti-inflammatory drug (NSAID) used for
treating fever, pain, and inflammation in the body; its
chemical structure is shown in Figure 1. NSAIDs work by
reducing the levels of prostaglandins released when there
is inflammation that causes pain and fever. The inhibition
of prostaglandins also reduces the function of platelets
and the ability of blood to clot with effects lasting longer
than other NSAIDs (2). Recognition of this antiplatelet
activity has led to the emergence of aspirin as an im-
portant drug in the management of cardiovascular and
cerebrovascular disease, particularly in preventing heart
attacks and strokes (3). There is also increasing evidence
that aspirin reduces the risk of some cancers (4). Currently
several generic aspirin drugs formulated as immediate-
release tablets are available over the counter under differ-
ent brands. Because of this, it would be very important to
investigate the potential for differences among different
brands of aspirin, as various factors such as formulation
and manufacturing process may affect the therapeutic
effects of the drug.

Dissolution tests are widely used in the pharmaceutical
industry for developing new drug products (5), determin-
ing the long-term stability and shelf life of a dosage form
(6), and assessing the impact of post-approval changes
in the manufacturing process. Dissolution tests can be
prognostic of in vivo performance of drug products if the
conditions in the gastrointestinal tract are reconstructed
successfully in the experiments. Many regulatory au-
thorities such as the FDA have introduced guidelines on
dissolution testing of solid dosage forms for the phar-
maceutical industry (6). In the case of immediate-release
solid dosage forms such as tablets, dissolution tests are
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used to evaluate batches and can be used as a guide to
develop new and existing formulations and possibly to
assess the impact of certain changes in the formulation
and manufacturing processes. Dissolution tests can also
provide the ability to discriminate between interbatch
discrepancies within a product and provide a specification
for in vitro drug release allowing determination of in vivo
suitability of the formulation (7). The evaluation of in vitro
equivalence between reference and test batches can be
conducted by the use of dissolution profile comparison
and analysis. Very often, an in vitro dissolution test is more
sensitive and discriminating than an in vivo test. From

a quality assurance point of view, a more discriminative
dissolution method is preferred, because the test will indi-
cate possible changes in the quality of the product before
in vivo performance is affected (7).

COOH
OCOCH;

Figure 1. Structure of aspirin (acetylsalicylic acid, 2-acetyloxybenzoic acid).

Methods for comparing in vitro dissolution profiles
can be classified into three main groups: ANOVA-based
statistical methods, model-independent and model-
dependent approaches. ANOVA-based methods can be
classified as one-way analysis of variance (ANOVA) and
multivariate analysis of variance (MANOVA), which assess
the difference between the means of two drug release
data sets at a single time point of dissolution and at mul-
tiple time points of dissolution, respectively. Many stud-
ies have shown that the ANOVA-based methods were
overly discriminating and that it was difficult to distin-



guish between two dissolution curves (8-10). The model-
independent approach allows the profile or profile
differences to be translated into a single value enabling a
simpler analysis of data (9-18). Two model-independent
techniques are commonly used, ratio tests and fit factors.
The most common ratio tests include comparison of the
mean dissolution times (MDTs), variance of dissolution
times (VTs), and the relative dispersion of dissolution
times (RDs). Although the ratio test approaches are not
mentioned in FDA guidance documents (7), they are very
useful statistical tools for identifying similarities in the
data and, in particular, for establishing the correlation
between in vitro and in vivo performance (79); the tech-
niques are also easy to apply. Fit factors, also known as
the difference factor f; and the similarity factor f,, were
introduced by Moore and Flanner (77). The factor f; is a
measure of the average percentage difference of drug
released over selected time points between the dissolu-
tion profiles. A calculated value of zero for f; indicates
that the profiles of the test and reference are identical.
As the value increases from zero, dissimilarity between
the two profiles increases, and usually a value of 15 or
below suggests fair similarity. The f, values are between
0 and 100, and if the calculated value is greater than 50,
the test and reference formulations are considered simi-
lar. This value of greater than 50 was empirically derived
assuming that at any sample point, the average differ-
ence of percentage release of active drug cannot be
more than 10% (77); however, this assumption may not
be true in some cases. The similarity factor f; is gaining
popularity due to its recommendation by a number of
regulatory authorities as a criterion for the assessment of
similarity between dissolution profiles (77, 20, 21). Model-
independent approaches directly compare the dissolu-
tion data without having to rely on model functions that
may prove to be artificial. Mathematical models have
been used extensively for the representation of dissolu-
tion data (9-11, 13, 27). The approach requires a suitable
mathematical function that can be linear or nonlinear

to describe the dissolution data. Nonlinear models tend
to be more reliable as they predict responses outside

the observed range of data, whereas linear models are
linear in their parameters (14-15). Some common models
of both linear and nonlinear functions include Higuchi,
Hixson-Crowell, Korsmeyer-Peppas, Weibull, Logistic,
zero-order, and first-order (27). Once a model is selected,

the dissolution profiles are compared and evaluated in
terms of the model parameters. In the meantime, the
mathematical model approach also provides an insight
into the drug release mechanism. Although such math-
ematical models have been used to characterize dis-
solution profiles, such methods are quite complicated
and require caution in their application compared with
model-independent methods (70).

The aim of this work was to investigate if there are
any differences between various commercially avail-
able aspirin tablets through evaluation of in vitro
dissolution profiles using both model-dependent and
model-independent approaches. Five different brands
of immediate-release solid dosage form aspirin tablets
were obtained from commercial vendors for this study.
Dissolution testing was carried out using USP Apparatus
2 (paddle) to obtain dissolution profiles of aspirin tablets
in 900 mL pH 4.5 acetate buffer with samples taken at 10,
20, 30, 45, 60, and 90 min. Additional quality control tests
were also carried out on each brand of aspirin tablets,
including disintegration, friability, and tablet hardness,
to provide possible reasons for differences in dissolution
profiles.

MATERIALS AND METHODS
Materials

In this study, five brands of commercially available
uncoated aspirin tablets were obtained from vendors A,
B, C, D, and E. Detailed information of the different brands
of tablets is summarized in Table 1. The labeled amount
of drug substance for each brand is the same (300 mg), as
are all of the excipients in the formulations of the different
brands. However, potato starch was used in brands C, D,
and E, whereas there is no detailed information about the
starch used in brands A and B.

Acetate buffer at pH 4.5 was used as the dissolution
medium as specified in the British Pharmacopoeia (22). It
was prepared by mixing 29.9 g of sodium acetate with
16.6 mL of glacial acetic acid and sufficient distilled water
to produce 10 L. Sodium acetate and glacial acetic acid
were analytical grade and purchased from Sigma-Aldrich
UK. Pure aspirin powder (Acetylsalicylic Acid BP, Sigma-
Aldrich UK) was dissolved in the acetate buffer to make a
series of standard calibration solutions with different con-
centrations for development of a calibration curve using a
UV spectrophotometer at 265 nm.

Table 1. Aspirin Tablets Used in the Tests

Brand Dosage (mg) Excipients Appearance
A, Reference 300 aspirin, starch, lactose, talc White, circular with indented line in center
B 300 aspirin, starch, lactose, talc White, circular with indented line in center
C 300 aspirin, (potato) starch, lactose, talc White, circular with indented line in center
D 300 aspirin, (potato) starch, lactose, talc White, circular with indented line in center
E 300 aspirin, (potato) starch, lactose, talc White, circular with indented line in center
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Dissolution Testing

In vitro dissolution was carried out via USP Apparatus
2 (paddle) at a speed of 75 rpm in 900 mL of dissolu-
tion medium (pH 4.5 acetate buffer) maintained at
37 + 0.5 °C using a water bath fitted with a variable-
speed stirrer and heater (Erweka DT6). Selection of 75-
rpm rotation speed was based on the British Pharmaco-
poeia guideline (22). Samples (5 + 0.1 mL) were taken
manually at 10, 20, 30, 45, 60, and 90 min and replaced
with an equal volume of fresh medium to maintain a
constant dissolution volume. The samples were filtered,
and the absorbance was measured at 265 nm using a
UV spectrophotometer (PU 8625 UV/VIS spectropho-
tometer). The drug concentration determined by the
calibration model was used to calculate the total mass
of the drug released in the medium. In this work, the
dissolution profiles are represented as the cumulative
percentages of the amount of drug released at each
sampling interval. Each profile is the average of six
individual tablets.

Tablet Disintegration, Friability, and Hardness Tests

The disintegration test was carried out as stated in the
British Pharmacopoeia (22), in which one dosage unit was
placed in each of the six tubes of the basket with a tablet
on the top of the disc (Pharma Test DIST 3). Acetate buffer
at pH 4.5 was used as the immersion fluid at 37 °C. The
specification states that all of the uncoated tablets should
disintegrate within 15 min (22). The end point was deter-
mined when there were no particles or granules remain-
ing on the disc.

The friability test method was adapted from that in the
British Pharmacopoeia (22). The BP method states that 20
tablets are rotated in the friability drum (Pharma Test PTF
E) 100 times. As there was a limited supply of aspirin tab-
lets in this study, the quantity was halved to 10 tablets.

In the hardness test, six tablets were inserted individu-
ally into the tablet crushing machine (C40 Tablet Crusher,
Engineering Systems Nottm Ltd.) lined up with the center
of the vice. When the device was started, the vice gradual-
ly applied force onto the tablet until it split, and the force
at which this occurred was recorded.

Analysis and Comparison of Dissolution Profiles

In this study, both model-independent and model-
dependent methods were selected to compare different
dissolution profiles.

Model-Independent Methods

Model-independent approaches produce a single value
from a dissolution profile, providing direct comparisons of
the dissolution data. Consequently the results do not de-
pend on the selection of the specific parameter for fitting
data but on the chosen sampling time t; (i=1,..., n) in the
calculation. Model-independent approaches include ratio
tests and fit factors.
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Ratio-Test Approaches

Ratio tests are performed as ratios of percent drug
dissolved, area under the dissolution curve, and mean
dissolution times of the reference formulation with those
of a test formulation at the same sampling time. The most
common ratio test is performed by comparison of two
mean dissolution times (MDTs), which are calculated by

"t AM.
MDT = —zi 5 AN,

Sam

where i is the sample number, n is the number of dis-
solution sample times, f=t"‘2”' is the time at midpoint
between ti_; and t;, and AM; is the additional amount of
drug dissolved between t;_; and t;.

The variance of dissolution times (VTs) is estimated by

Z(z‘_ - MDT) oy

S

and the relative dispersion of dissolution times (RD) is
given by

Vr =

D= _
MDT 2

Fit Factors

Fit factors include a difference factor f; and a similarity
factor f,. The difference factor f; calculates the percent-
age difference between the two curves at each point and
measures the percentage error between them over all
time points, which is given by

T,|

f — 2:‘:1 Ri i
1 n
2i:1Ri

where R;and T; are the percent drug dissolved of the refer-
ence and test products, respectively, at each sample point
i.

The similarity factor f, is a logarithmic reciprocal square
root transformation of the sum of squared error of differ-
ences between the test and product dissolution profiles
over all time points and is a measurement of the similarity
between the curves, which is given by

-0.5
1 & 2
f, =501 14+— R —T. 100
=soteg 12538, -7 |

Model-Dependent Methods

Different mathematical models have been proposed
to analyze the dissolution profiles through which the
mechanism of drug release can be determined. The
statistical comparison of the dissolution profiles can be
performed by a t-test for the estimated parameters of



the regression functions (9-17). The mathematical mod-
els of a dissolution profile can be deduced by a theoreti-
cal analysis of the process, such as zero-order kinetics,
first-order kinetics, Higuchi, and Hixson-Crowell models.
In most cases, due to the complexity of dosage forms
(e.g., tablets, capsules, coated or prolonged-release dos-
age forms), a theoretical foundation does not exist; as a
result, semi-empirical or empirical models (e.g., Kors-
meyer-Peppas, Weibull, and logistic models) have to be
used to fit dissolution data. The most common models
in the dissolution data analysis are summarized in Table
2 (717).In general, the final sample time is selected when
each individual profile reaches at least 80%. The math-
ematical models were fitted to six individual dissolution
data of each brand of aspirin tablets using the Statistics
Toolbox module of Matlab 6.5. The model parameters
were determined by the Gauss—Newton algorithm with
Levenberg-Marquardt modifications for global conver-
gence. The statistical mean and standard deviation of the
parameters of mathematical models for each brand can
be obtained based on the calculation results. The model
parameters of the dissolution profiles of the different
brands of aspirin tablets were compared with the refer-
ence using a two-variable t-test as follows:

Xy —X
R T ng.Nn;
S, \/nR +n,

where x, and x, are means of the model parameters of
the reference and test products, respectively,n, and n,
are the numbers of measurements for the mean x, and

t =

X; ,and Sqis the weighted average standard deviation as
shown below

— (n/? _1)5/2? +(nr _1)572'

n,+n, —2

S

d

where Sp and St are the standard deviations of the model
parameters for the reference and test products.

If the calculated t value is less than the critical value of
t(1 f%: f=n+n 72), the two means g and Z differ only
randomly at risk level .

RESULTS AND DISCUSSION
Tablet Disintegration, Friability, and Hardness Tests

The average disintegration times of six aspirin tablets for
each brand are shown in Table 3. The results show that all
of the tablets disintegrated quickly (within 2 min) thereby
complying with the BP specification in which six immedi-
ate-release tablets must disintegrate within 15 min using a
standard disintegration apparatus (22). Brands A and B have
similar disintegration times, whereas those of brands C, D,
and E are almost equal. Brands A and B tablets took twice as
long to disintegrate as those of brands C, D, and E.

Ten tablets of each brand were used in the friability
tests, and weight losses of the different brands of tablets
are shown in Table 4. All of brands of tablets comply with
the BP specifications, which state that the maximum loss
in weight must not exceed 1% of the original mass (22).
Brands A and B or brands C and D are similar, whereas
the weight loss of brand E is almost twice that of brands
A andB.

Table 2. Mathematical Models for Drug Dissolution Profile Analysis

Model Mathematical equation Release mechanism Theoretical RD* Release class
Zero-order it Constant release rate 0.3 0
First-order (1 - exp(-cy)) Fick’s first law diffusion mechanism 1.0 1
Higuchi cito Diffusion medium based mechanism 0.8 2
Hixson-Crowell G(1-(1-q t)3) Erosion release mechanism 0.6 3

Korsmeyer-Peppas ota

Semi-empirical model, diffusion medium
based mechanism

. t) ) Empirical model, lifetime distribution
5 ,
Weibul C3(1 —ep (_5_1) function
c exp (¢ +cylogt)
Logistic 3 Empirical model, S-shaped model

1+exp(c;+cylogt)

9 Relative dispersion of dissolution time
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Table 3. Disintegration Times of the Five Brands
of Aspirin Tablets in pH 4.5 Acetate Buffer at

37 °C
Brand Disintegration Time (sec)
A 93
B 100
C 53
D 49
E 56

Six tablets of each brand were used in the hardness
tests and the average crushing strength for each brand
is shown in Table 5. It is shown that the brand A and B
tablets require the greatest force to break them whereas
tablets C, D, and E require approximately only a third of
the force of brand A and B tablets for them to break.

From the test results above, it is clear that the five
brands of aspirin tablets can be classified into two groups,
brands A and B or brands C, D, and E tablets, in which both
groups have similar physical properties. It is known that
the compression force during a tableting process plays
an essential role on the overall properties of the products,
such as tablet disintegration rate, friability, and hardness
(23). Itis therefore concluded that the compression forces
used during the manufacturing processes for brands A
and B are likely to be significantly higher than those used
for brands C, D, and E.

In Vitro Dissolution Tests

Results for the in vitro dissolution tests of five brands
of commercially available aspirin tablets are presented in
Figure 2 as the average percent drug dissolved versus time.
The dissolution data and their statistical properties are
given in Table 6. All drugs complied with the dissolution
specification stated in the BP that after 45 min, 85% of the
drug should be released (22). The profiles in Figure 2 exhibit
four stages of dissolution. The greatest percentage of drug
dissolved in the shortest time (i.e., approximately 70% of
the drug dissolved within 10 min) was at the initial step.
Between 10 and 20 min, approximately 15% more of the
drug dissolved, therefore the total percentage of drug dis-

Table 5. Tablet Hardness Results

Brand Crushing Strength (kg/m?)
A 11.48
B 11.04
C 4.98
D 4.71
E 4.49

1000

[ w=@==Brand A =lll=BrandB -
300 ¥ —>=Brand D =#—Brand E

~=Brand C

Drug dissolved (%)
w
o
o

o] 20 40 60 80 100

Time [min)

Figure 2. Average (n = 6) percent drug dissolved in dissolution of five brands
of aspirin tablets in 900 mL pH 4.5 acetate buffer at 37 °C for 90 min.

solved at this time is around 85%. The third step between
20 and 30 min shows a further 10% of drug dissolved. In
general, the profiles reached a peak at 45 min where there
is the highest percentage of dissolved drug (around 95%).
After 45 min, the graphs level off to a plateau up to 90 min
with very little change in percentage of drug dissolved. It
was surprising that none of the brands was 100% dissolved.
The profiles in Figure 2 clearly show that brand B has a very
similar dissolution profile to the reference brand A. Quanti-
tative analyses of the dissolution profiles have been carried
out using both the model-independent and model-depen-
dent methods described above.

Model-Independent Methods

Ratio test parameters of mean dissolution time (MDT),
variance of dissolution time (VR), and relative dispersion
of dissolution time (RD) for each brand of aspirin tablets

Table 4. Friability Test Results of the Five Brands of Aspirin Tablets

Brand Weight before (g) Weight after (g) Weight loss (g) Weight loss (%)
A 3.4438 34371 0.0067 0.19
B 3.4300 3.4240 0.0060 0.17
C 34351 3.4261 0.0090 0.26
D 34615 3.4529 0.0086 0.25
E 3.4548 3.4424 0.0124 0.36
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Table 6. Dissolution Data and Descriptive Statistics of Five Brands of Aspirin Tablets

Time (min) Brand mean % SD SE 95% Cl Lower limit Upper limit
A 69.59 259 1.06 2.71 66.88 7231
B 72.51 222 0.91 233 70.17 74.84
10 C 65.57 3.65 1.49 3.83 61.73 69.40
D 64.33 292 1.19 3.06 61.26 67.39
E 68.02 1.88 0.77 1.97 66.05 69.99
A 86.12 2.05 0.84 2.15 83.96 88.27
B 85.86 1.70 0.69 1.78 84.08 87.64
20 C 81.05 4.52 1.85 4.75 76.30 85.80
D 79.58 2.81 1.15 295 76.63 82,53
E 82.07 1.26 0.51 1.32 80.74 83.39
A 91.84 1.13 0.46 1.18 90.66 93.03
B 91.49 1.05 043 1.10 90.39 92.60
30 C 89.44 3.06 1.25 3.22 86.22 92.65
D 88.23 2.1 0.86 2.22 86.01 90.45
E 92.08 0.88 0.36 0.92 91.16 93.01
A 92.75 0.81 0.33 0.85 91.90 93.59
B 92.50 1.18 0.48 1.23 91.27 93.74
45 C 93.29 1.23 0.50 1.30 91.99 94.58
D 92.63 1.00 0.41 1.05 91.58 93.68
E 98.49 4.32 1.76 4.54 93.96 103.03
A 93.06 1.51 0.62 1.58 91.48 94.65
B 92.41 0.77 0.31 0.81 91.60 93.21
60 C 95.12 1.65 0.67 1.73 93.39 96.85
D 92.72 0.77 0.32 0.81 91.91 93.53
E 94.10 1.59 0.65 1.67 92.43 95.77
A 92.76 1.62 0.66 1.70 91.06 94.46
B 92.15 1.95 0.80 2.05 90.09 94.20
20 C 94.16 0.87 0.35 0.91 93.25 95.07
D 92.07 1.02 0.42 1.07 91.00 93.14
E 94.88 145 0.59 1.53 93.36 96.41

at different sampling times are shown in Table 7. MDT and
VR are also called statistical moments, which can be used
to establish relationships between in vitro and in vivo data
(79) and to compare different dissolution profiles. The RD
can be used to study the changes in the mechanism of
drug release during the dissolution test by comparing the
calculated values with those of theoretical physical mod-
els shown in Table 2 (79). The MDT values clearly show
that all brands have very similar dissolution profiles before
30 min. Because there is near complete release after 45
min, the MDT values of brands A and B show significant
deficiencies compared with those of brands C, D, and E.
The RD values of the different brands change with the
dissolution process, indicating the variations of the release
mechanism. Within 20 min, all of the brands show zero-

order release mechanisms as the calculated RD values are
almost equal to the theoretical value of 0.3. From 20 to 60
min, brands A and B show the constant Hixson—-Crowell
(cube-root) release mechanisms, whereas brand C shows
the change of release mechanism from Hixson-Crowell to
Higuchi model (pseudo first-order) to first-order. Brand D
shows only one change of release mechanism from Hix-
son-Crowell to Higuchi model; however, brand E shows a
significant release mechanism during the dissolution pro-
cess. The MDT values for the different brands are shown in
Figure 3, illustrating that brands A and B or brands C and
D have very similar dissolution profiles, whereas brand E is
significantly different from the others.

Fit factors are important quantitative methods that have
been recommended by the FDA guidelines for industry (6,
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Table 7. Mean Dissolution Time (MDT), Variance of
Dissolution Time (VT), and Relative Dispersion (RD) Values
for Different Brands

[y
(=1
I

Time (min) Brand MDT (min) VT (min?) RD
5 |
A 6.92 15.51 0.32 3
£
B 6.56 13.14 0.31 GE
a
20 c 6.91 1545 0.32 r ) ==Brand A ~B=Erand ~se=Brand C
D 6.92 15.49 0.32 — R
E 6.71 14.19 031 2
A 8.05 33.66 0.52 0 : . ‘ , .
B 7.69 3198 0.54 . B L o A
Time {min}
30 C 861 41.82 0.56
Figure 3. MDT values of the five brands of aspirin tablets at different cumu-
D 8.69 4289 0.57 lative time points.
E 8.70 45.07 0.60
A 833 41.69 0.60
B 8.02 4125 0.64
45 c 980 7312 076 Table 8. Fit Factors for the Five Brands of Aspirin Tablets
D 10.06 78.41 0.78 Based on the Average of Six Tablets
E 10.58 92.60 0.83 Fit Factor
A 848 48.1 0.67 Time (min) Brand fi fa
B 7.97 39.18 0.62 A/B 218 7558
60 C 10.62 106.15 0.94 A/C =78 69.11
D 10.10 80.15 0.79 10 D - 354
E 8.62 11.04 0.15 AE 226 8645
A 8.26 33.73 0.49 AB 203 8195
B 7.78 26.53 0.44 AC ™ 6647
90 C 9.96 64.48 0.65 20 A - 6100
D 9.64 50.48 0.54 A 361 7453
E 9.17 47.00 0.56 A8 14 8525
20) for the comparison of dissolution profiles. Brand A was 30 AC 4.64 6931
selected as the reference profile in this study. Results ob- A/D 6.23 63.50
tained from the tests are shown in Table 8 with the same AJE 237 7839
observations found previously. The similarity factor f; is A8 110 8743
more sensitive in finding dissimilarity between dissolution
curves than the difference factor f;, and the values of fit 45 A/C 3.54 7216
factors are dependent on the number of sampling time A/D 4.57 66.49
points chosen (9-117). According to the FDA guidelines, AJE 341 7135
f; values up to 15 and f;, values greater than 50 should AJB 102 88,70
ensure equivalence of the dissolution curves, indicating
an average difference of no more than 10% at the sample 60 e 325 7354
time points. Based on these guidelines, all five brands of A/C 3.66 68.78
commercially available aspirin tablets show dissolution A/C 292 73.38
curve equivalence. In addition, brand B is almost identical AR 096 89,67
to the reference brand A.
A/C 7.41 74.97
90
Model-Dependent Methods A/C 3.15 70.58
In this study, the various functions in Table 2 were fitted A/C 2.81 74.37

for dissolution times up to 45 min and 90 min. At 45 min,
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Table 9. Model Parameters and Descriptive Statistics of Regression for 45 min

Model Brand C, SD, C, SD, (Y SD; r Rimax SRRMS

A 137%x107  1.27%x 1072 93.0 7.34%107 9.97x107 7.82x107 4.82x10"

B 1.52x 107  7.58x 103 92.0 8.70x 107 9.84%x 107 1.71 9.97 x 107
First-order C 1.19% 107 1.34%x 1072 924 1.82 9.75%x 107 2.58 1.67

D 1.16x 107 1.07 x 102 91.5 1.63 9.71x 107 2.78 1.85

E 1.13x 107 1.04x 107 96.4 261 9.35% 107 4.20 293

A 273 2.72x 1072 -9.96 42.3 30.8

B 2.73 3.62 %102 -14.9 45.2 31.8
Zero-order C 267 7.50 x 102 -5.80 3838 27.8

D 264 4.51% 1072 -5.25 379 27.0

E 2.78 5.60 X 102 -4.86 40.2 27.8

A 16.5 2.03x 107 -1.26 17.8 14.0

B 16.5 236x%x 107 -2.51 20.3 14.9
Higuchi C 16.1 5.10x 107 -1.35x 107 14.8 1.3

D 15.8 3.02x 107 1.00 x 1073 14.2 10.8

E 16.6 2.92x 107 1.14x 10 154 10.8

A 1.86x 107  2.62x 107 47.5 4.65 8.84x 107 3.50 316

B 1.61x 107 1.19x10? 51.7 272 9.98 x 107 2.59 239
Korsmeyer-Peppas C 232x10" 342x1072 39.8 573 9.60 x 107 240 213

D 239%x107  2.69x%102 38.2 3.89 9.68 x 107 2.26 19.4

E 247 x107 296 x 1072 39.1 3.51 9.89 x 107 1.78 1.20

A 3.12x10% 238x10* 91.5 1.38 7.52% 107 7.86 463

B 3.16x102 249x10* 914 1.22 443x107" 104 5.95
Hixson-Crowell C 320x10% 6.46x10* 88.0 3.67 9.06 x 107 5.32 3.26

D 320x 102 8.07x10* 86.8 232 9.19x 107 4.80 3.07

E 3.28x10% 151x1073 90.0 1.27 9.01 %107 5.26 3.62

A 7.27 641x10"7 939x10" 9.95x 107 93.7 1.47 9.99%x 107 560x10" 3.56x% 107

B 6.05 586%x107 7.86%x107 1.34x10" 939 1.82 9.73x 107 2.83 1.51
Weibull C 9.59 244 7.16x 107 1.43x10" 99.7 5.01 9.98x 107 6.81x10" 4.58x%x 10"

D 10.9 2.73 6.69%x 107 1.97x107 103 9.68 9.98x 107 6.67x107 4.52x107

E 206 306 538x 107 1.88x10" 168 99.4 997 %107 872x10" 6.06% 107

A -3.49 7.31%x107 4.48 9.24%x 107 95.7 291 9.97x107 857x107 536x10"

B -2.55 8.81x 107 3.67 9.42x 107 96.3 294 9.95x 107 9.19x10" 5.78x 10"
Logistic C -2.22 6.94 %107 2,68 1.05 109 114 9.97%x107 8.69%x107 563x%x107

D -2.07 7.13%x 107 235 1.04 115 19.1 997 %107 831x10" 542x107

E -2.24 746 %107 1.68 8.93 %107 352 367 9.97x107 944x107 6.37x107

dissolution of all of the aspirin tablets was greater than 90%
and approached the plateau. The dissolutions for 90 min
represent the whole set of points determined. The param-
eters of the mathematical models are shown in Tables 9 and
10. The descriptive statistics of regression for the dissolution
data in Tables 9 and 10 were calculated based on the aver-
age mean dissolution data curve, including determination
coefficient (r2), maximum residual in absolute size between

fitted and actual percentages of drug dissolved, Ray, and
the square root of mean of residuals square (SRRMS). The
selection of the best fitting model is based on the descrip-
tive statistics of the regression in the following order: higher
determination coefficient, smaller maximum residual and
smaller the square root of mean of residuals square.

For the dissolution curves up to 45 min, the best func-
tion for the different brands overall is the logistic model
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Table 10. Model Parameters and Descriptive Statistics of Regression for 90 min

Model Brand G sD, G SD, G SD; P Rmax SRRMS

A 138x10" 140102 930 1.02 998x107  7.87x107  405x107

B 151%10" 7.87x10°% 92.1 963x 10" 9.87x 10" 178 828x 10"
First-order C 1.13x 107 1.45x 102 93.8 1.38 9.75%x 10" 2.86 1.66

D 114%10" 104102 92.1 1.10 9.77x 10" 2.89 157

E 1.17%10" 7.63x10° 953 159 943x10" 401 248

A 154 169102 -24.1 55.3 423

B 153 197 %102 342 57.2 429
Zero-order C 1.54 2.64 %107 -13.4 50.2 39.7

D 151 160102 135 493 39.2

E 157 232x102 149 523 413

A 13.1 134x10" -6.12 312 225

B 13.0 168x10" -9.32 316 232
Higuchi C 13.0 272x10" 262 29.2 199

D 128 156107 2,69 29.1 19.8

E 132 187x10" -3.18 30.7 212

A 112x10" 188102 59.1 426 7.23x 10" 6.71 4.44

B 9.69x 102 9.13x10°% 624 259 7.36x 10" 539 371
52;;'2:“"' C 153x10" 260102 50.5 598 835x 10" 5.89 424

D 1.50x 107 1.88x 102 50.0 397 8.11x10" 6.09 447

E 140%10" 126x10? 53.7 245 7.60x 10" 7.00 5.08

A 166 %102 1.08x10* 985 872x 10" -245 283 157

B 1,66 %102 930%10° 98.2 1.10 -432x10" 31.2 16.7
2:’;:\‘,’;[ C 164%102 7.58x10° 98.2 2.09 -560% 10" 247 13.1

D 164%102 483%10° 9.5 1.19 -570% 10" 242 129

E 164%102 1.09% 10% 100 1.60 -8.10x10" 263 14.0

A 7.25 592x107  970x107  731x102  93.1 1.18 998x107  642x107  341x10"

B 6.10 554x107  851x107  9.19x102 927 1.18 9.77x 10" 277 129
Weibull C 8.50 114 794x107  691x102 954 990x107  9.95x 10" 1.01 7.12x 10"

D 8.42 961x107  821x107  1.04x10" 933 7.89x10"  9.92x10" 136 9.29x 10"

E 8.05 636x107  821x10"  544x102 963 191 9.58x 10" 382 212

A -4.09 6.46x 10" 515 810x107 938 152 9.94x 10" 1.08 6.29x 10"

B 336 6.73x 10" 460 685x107 934 140 9.89x 10" 1.19 7.61x10"
Logistic C 277 496x 10" 346 692x10" 980 178 9.89x 10" 151 1.08

D -2.88 6.42% 10" 3.59 674x10" 955 135 9.83x 10" 1.85 133

E -2.84 327x10" 362 360x107 983 238 944 x10" 438 245

followed by the Weibull model with almost identical results. and B are around the theoretical value 0.6 of the cube-root
As both the logistic and Weibull models are empirical, there release mechanism. For the dissolution curves up to 90 min,

is no direct connection with release mechanism. From the the best-fit function is the Weibull model followed by the
results, the first-order model provides a good fit for all of logistic model. The first-order model presents regression
the brands, indicating similar drug release mechanisms for results similar to those of the Weibull and logistic models,
aspirin drugs under different brands. A slightly different which indicates the diffusion controlled-release mechanism
conclusion was drawn based on the model-independent for all of the brands of aspirin tablets. We have to stress
approaches shown in Table 7 in which the RDs of brands A that the above conclusions are drawn based on purely
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Table 11. Comparison of the Model Parameters of Test Brands Against the Reference Brand by Extended t-Test at Risk o.= 0.05

Up to 45 min Up to 90 min
Logistic Weibull First-order Logistic Weibull First-order
Brand C, C, Conclusions C; C, Conclusions C; Conclusions C; C; Conclusions C; C; Conclusions C; Conclusion
B 201 0.015 Similar 342 224 Different 2.44  Different 1.91 0.113 Similar 3.47 249 Different 2.08  Similar
C 311 oo73 Different(l o0 315 Different 251 Different 397 0051 DM€ 538 459 Different 294  Different
parameter) parameter)
D 343 0060 Different(l 550 508 Different 318 Different 325 0072 DMt 553 588 Different 337 Different
parameter) parameter)
E 203 0018 Different(l oo 4q, Different(l 500 higterent 423 0184 Different(l 56 400  Different 311  Different
parameter) parameter) parameter)

mathematical analysis, some of which could be erroneous
or meaningless. For example, if all tablets dissolved com-
pletely near 45 min, it would be inappropriate to draw any
conclusions by the comparison.

The model parameters of the logistic, Weibull, and
first-order models for the test brands B, C, D, and E were
compared against reference brand A using a two-variable
t-test described above and summarized in Table 11. It is
concluded that brand B is similar to reference brand A for
both 45 min and 90 min if the logistic model is selected
and one of the parameters of the logistic model for brands
C, D and E is different from that of the reference A. For
the first-order model, brand B is similar to brand A for 90
min, whereas there is a slight difference between the two
brands for 45 min. The parameters of the first-order model
of the brands C, D, and E are different from that of the
reference A for both 45 and 90 min, but the differences
are marginal. If the Weibull model is selected, it can been
seen that all of the brands are different at both 45 and 90
min because the Weibull function is based on an empirical
model. Generally, these results are in agreement with the
previous findings of the model-independent approaches.

CONCLUSION

Quiality control tests including mechanical hardness,
friability, disintegration, and in vitro dissolution were
carried out to evaluate the performance characteristics
of five brands of commercially available aspirin tablets.
Brands A and B or brands C, D, and E have similar hard-
ness, friability, and disintegration characteristics, indi-
cating that the two groups of the brands have different
manufacturing conditions. Comparisons of dissolution
profiles of the different brands were carried out by both
model-independent and model-dependent approaches.
All brands of aspirin tablets have a similar first-order
drug release mechanism based on the model-dependent
approach; furthermore, the model-dependent approach
can also differentiate between the different brands, con-
cluding that brands A and B are similar in good agree-
ment with the results of the mechanical and disintegra-
tion tests. Different model-independent approaches
were used to compare the dissolution profiles including

ratio tests and fit factors. The ratio tests of MDT, VT, and
RD can translate a dissolution curve into a single value
and they can also infer the drug release mechanisms

of the formulations. However, it would be difficult to
identify the difference between the dissolution curves
that depend on the final time point considered and dif-
ference limit values chosen. Fit factors using a difference
and similarity approach have been recommended by the
FDA and are simple and easy to implement. In the FDA
guidelines, clear limit values of up to 15 for f; and greater
than 50 for f, indicate the equivalence of the dissolution
profiles. Based on this, all five brands of commercially
available aspirin tablets are considered similar. Finally,
we would like to emphasize that all of the above conclu-
sions were drawn based on the dissolution tests at 75
rpm; different conclusions could probably be obtained
if a lower rotation speed was selected in the tests. In the
meantime, it is incomplete that any conclusion regard-
ing the mechanism of drug lease was drawn based on
purely mathematical analysis, which could be erroneous
or meaningless.
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