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A statistical method for the evaluation of the dissolution stability results and for selecting the most
stable formulation within a solid dosage form development is discussed. Three types of tablets of an
antineoplastic drug, amonafide, stored at a relative humidities (RH), 45% and 75%, were used. The
drug release from tablets was tested before and after storage. The experimental data were statistically
fitted to empirical model equations. Furthermore, the best mathematical fit was the statistical compar-
ison of the residuals. From the selected model equation, time-dependent dissolution (Q45 and DE45)
and dissolved quantity-dependent parameters (t70, t100 and MDT) were calculated. An useful para-
meter to present and evaluate the results obtained in comparative stability studies was defined: the
Modification Factor (MF). It allowed the selection of the most stable formulation in the easiest and
fastest way: the most stable formulation should present the smallest modification of the studied char-
acteristics, in other words, the smallest MF value. In this way, tablets II (manufactured by wet granula-
tion and with Emcompress as main excipient) showed the greater dissolution stability of the three
types of tablets studied. Amonafide tablets must be packaged in impermeable containers, since the
environmental relative humidity strongly modifies their dissolution characteristics.

1. Introduction

The objective of the present work is to evaluate the disso-
lution stability of different formulations of tablets of a
new drug with the aim of selecting the optimum formula-
tion. Different ways to express the drug dissolution char-
acteristics should be analyzed in order to determine the
most useful, to investigate the modifications in the drug
dissolution during storage.
The objective of this work to quantify these modifications
to compare promptly the dissolution stability of different
formulations in order to select the most stable one. A
comparative study of the dissolution stability of an anti-
neoplastic drug, amonafide, from tablets was designed to
evaluate the procedure proposed in this work. The dissolu-
tion characteristics of the active substance formulated in
several types of immediate-release tablets (manufactured
by different techniques and with different constituents)
were determined and their modifications during the sto-
rage quantified.
In this work, the environmental humidity is of special im-
portance as amonafide � 2 HCl is a hygroscopic substance
(Torres and Camacho 1991).
Amonafide is a 1.8 naphtalimide with antineoplastic activ-
ity (Malviya et al. 1994). Amonafide � 2 HCl presents pKa
values of 2.63 and 7.31. These values suggest that the drug
will be absorbed in the first segments of the duodenum.
The aqueous solubility of the drug is high, with values of
the solubility coefficient from 11.57% w/v at pH ¼ 6 to

25.19% w/v at pH ¼ 1.2. These data indicate that, as drug
substance, the dissolution of amonafide � 2 HCl does not
limit its oral absorption rate (Torres and Camacho 1992).

2. Investigations, results and discussion

The Figures 1A, 1B and 1C show the amonafide � 2 HCl
dissolution profile for the tablets I, II and III, respectively,
at initial time (t ¼ 0) and after the storage under the differ-
ent conditions.
In the Tables 1, 2 and 3, the mathematical models that
describe the dissolution profiles Q (%) versus t (min), as
well as the goodness of fit (WSSQ value for c2-test for
residuals) are presented.
To define the dissolution characteristics of the tablets be-
fore and after storage, the dissolution parameters Q45,
DE45, t70, t100 and MDT were calculated from the mathe-
matical equations and gathered in the tables 4, 5 and 6.
The values of the dissolution parameters before and after
the storage were transformed into the parameters Storage
Initial Ratio (SIR) (Fig. 2) and Modification Factor (MF)
(Fig. 3).

2.1. Dissolution characteristics of each formulation

All the fitted equations were exponential (Tables 1–3),
because the polynomial equations were too flexible and
followed outlines, leading to oscillating curves, rather than
data smoothing that was really required.
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The experimental data have been fitted to mathematical
equations and dissolution theoretical models have not
been searched. In fact, most authors have proposed differ-
ent theoretical models that try to explain the dissolution
characteristics of immediate-release tablets. The most com-
mon ones are the Noyes-Whitney equation and the cubic
root or Hixon-Crowell equation. Higuchi and Hiestand,
Brooke and Carstensen, and Masa, among others authors
(Banakar 1991), have undertaken other theoretical models
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Fig. 1: Amonafide � 2 HCl dissolution profile from the tablets I (A), II (B)
and III (C), at initial time (t ¼ 0) and after the storage in the differ-
ent conditions

Table 1: Dissolution profile of amonafide � 2 HCl from tablets
I under the storage conditions studied: mathematical
equation, goodness of fit and parameters of the equa-
tion

Goodness
of fit:
WSSQ

Q(%) ¼ B0(1 � e�k0 t) þ B00(1 � e�k00 t) þ C

B0

s (%)
k0

s (min�1)
B00

s (%)
k00

s (min�1)
C
s (%)

Initial 65.90* 116.30 0.047 –– –– 1.32**
1.67 0.003 1.89

40 �C 52.50* 551.10 0.0039 –– –– �2.33**
45% RH 83.82 0.0009 3.14

40 �C 99.0* 92.78 0.0103 –– –– 8.23
75% RH 0.59 0.0002 0.47

* P > 0.05 (c2-test). **P < 0.05 (t-test for parameter redundancy). WSSQ ¼ weighted
sum of squares value, s ¼ standard deviation, RH ¼ Relative Humidity

Table 2: Dissolution profile of amonafide � 2 HCl form tablets
II under the storage conditions studied: mathemati-
cal equation, goodness of fit and parameters of the
equation

Goodness
of fit:
WSSQ

Q(%) ¼ B0(1 � e�k0 t) þ B00(1 � e�k00 t) þ C

B0

s (%)
k0

s (min�1)
B00

s (%)
k00

s (min�1)
C
s (%)

Initial 84.7* 136.20 0.070 –– –– 0.44**
5.53 0.006 0.69

40 �C 73.8* 136.20 0.070 –– –– 5.17**
45% RH 5.49 0.006 6.58

40 �C 64.6* �285.00 0.021 399.20 0.016 12.42
75% RH 41.33 0.003 75.45 0.003 2.12

* P > 0.05 (c2-test). **P < 0.05 (t-test for parameter redundancy)

Table 3: Dissolution profile of amonafide � 2HCl form tablets
III under the storage conditions studied: mathemati-
cal equation, goodness of fit and parameters of the
equation

Goodness
of fit:
WSSQ

Q(%) ¼ B0(1�e�k0 t) þ B00(1�e�k00 t) þ C

B0

s (%)
k0

s (min�1)
B00

s (%)
k00

s (min�1)
C
s (%)

Initial 77.8* 229.50 0.041 –– –– �021**
37.20 0.009 0.45

40 �C 66.4* 139.40 0.158 –– –– �0.49**
45% RH 5.69 0.015 0.43

40 �C 101.2* 121.90 0.008 –– –– 5.63
75% RH 13.45 0.001 0.65

* P > 0.05 (c2-test). **P < 0.05 (t-test for parameter redundancy)

Table 4: Dissolution parameters obtained in the study of the tablets I. X ¼ mean, s ¼ standard deviation, t-Student value with
respect to initial time (t ¼ 0)

Conditions Statistics
(n ¼ 6)

Parameter

t70 (min) t100 (min) Q45 (%) DE45 (%) MDT (min)

Initial X 18.59 37.08 100 69.43 13.76
s 2.73 5.17 0 3.19 1.43

40 �C X 33.86 48.38 93.13 46.76 23.96
45% RH s 1.56 1.87 3.57 2.74 1.23

t-Student 11.90* 5.03* 4.30* 13.20* 13.24*

40 �C X 106.11 425.95 42.73 26.76 142.56
75% RH s 5.29 83.65 1.82 1.80 24.99

t-Student 32.86* 11.36* 70.36* 28.54* 12.60*

*P < 0.05



of drug dissolution from tablets, which disintegrate into
granules or particles with homogeneous or heterogeneous
particle-size distribution.
For dissolution studies, to find the mathematical equation
that experimental data are better fitted to (from this equa-
tion, the dissolution parameters are calculated) is more im-
portant than an only fair fit to a theoretical model of dis-
solution.
At initial time, the experimental data of the amonafide
� 2 HCl release from the three types of tablets studied (I,
II and III) were fitted to a monoexponential equation. No
significant y-intercept was detected. Then, the mathemati-

cal equation that describes the drug dissolution process
from the beginning to the end, for all the tablets studied,
was:

Qð%Þ ¼ B0ð1� e�k0tÞ ð1Þ
After the storage of tablets I and III under both relative
humidities, and tablets II under 45% R.H., the drug disso-
lution kinetics was also fitted to a monoexponential equa-
tion. However, for tablets II stored at 75% R.H., the best
fit was achieved with biexponential equations:

Qð%Þ ¼ B0ð1� e�k0tÞ þ B00ð1� e�k00tÞ þ C ð2Þ

ORIGINAL ARTICLES

Pharmazie 59 (2004) 7 543

Table 5: Dissolution parameters obtained in the study of tablets II

Conditions Statistics
(n ¼ 6)

Parameter

t70 (min) t100 (min) Q45 (%) DE45 (%) MDT (min)

Initial X 10.47 18.57 100 82.99 7.66
s 1.48 2.27 0 1.88 0.84

40 �C X 10.49 19.44 100 82.83 7.73
45% RH s 0.75 0.62 0 1.28 0.58

t-Student 0.032 0.91 –– 0.16 ––

40 �C X 88.53 129.20 36.46 26.46 60.39
75% RH s 5.55 10.43 1.88 0.94 4.01

t-Student 33.30 25.39 75.57* 65.98* 31.52*

*P < 0.05

Table 6: Dissolution parameters obtained in the study of tablets III

Conditions Statistics
(n ¼ 6)

Parameter

t70 (min) t100 (min) Q45 (%) DE45 (%) MDT (min)

Initial X 8.81 13.69 100 86.39 6.12
s 0.97 0.88 0 1.29 0.55

40 �C X 4.75 8.43 100 91.97 3.61
45% RH s 0.55 1.01 0 0.67 0.30

t-Student 8.91* 9.57* –– 9.76* 9.81*

40 �C X 96.96 149.35 38.47 25.19 66.24
75% RH s 8.68 15.64 3.20 3.65 5.94

t-Student 24.71* 21.21* 42.99* 38.95* 24.69*

*P < 0.05

106

100

62

54

59

100

100

100

100

100

67

93

130

182

174

0 1 500

DE45

Q45

t100

t70

MDT

29

38

1052

1101

1082

32

36

696

846

788

38

42

1270

580

1036

0 1500

A-III A-II A-I40 �C –– 45% RH 40 �C –– 75% RH Fig. 2:
SIR values for the three types of tablets



It is not strange that, after storage, not only the dissolution
rate, but also the kinetic model were modified.
When dissolution models are fitted to experimental data, it
is common to characterise the dissolution process through
the rate constant in a general way. However, this constant
is not a useful parameter for dissolution stability studies.
When the dissolution kinetic model changes after storage,
as in tablets II, the constants cannot be compared.
Thus, it is not useful for comparing the dissolution stabi-
lity of different formulations. Alvarez-Lorenzo et al. 2000
faced this problem in a study of dissolution stability of
theophylline tablets with hydroxypropyl cellulose (HPC)
of different grades of substitution. They fitted the dissolu-
tion data of the tablets with HPC of high substitution to
the Higuchi equation before and after the storage, and cal-
culated the corresponding dissolution rate constants. How-
ever, the dissolution profile of the tablets with HPC of
low substitution cannot be fitted to the Higuchi equation.
For this reason, the dissolution rate constants were not
useful to compare their formulations.
In the present paper the dissolution parameters Q45, DE45,
t70, t100 and MDT were used.
These dissolution parameters were calculated from the
mathematical equations that fitted the experimental data
(model-dependent treatment), instead of straight from the
experimental data (independent-model treatment). Both
procedures are valid, but the first one has the advantage of
masking possible errors in the experimental determination
of a given value. The treatment of dependent-model data
are usual in pharmacokinetic analysis, as opposed to inde-
pendent-model treatments, where the experimental errors
have more influence on the value of the parameter calcu-
lated to characterize the process.
Regarding the dissolution parameters used, the release spe-
cifications of dissolution and dissolution stability for im-
mediate-release solid dosage forms are usually the same.
Normally they involve a minimum amount of drug to be
dissolved at a specified time interval (they are single-point
values: Qt). Many monographs include the requirement
that not less than 75% of the label claim must be dis-
solved at 45 minutes (Q45), using either water or simulated
gastric fluid TS as the dissolution medium and following
USP method 1 baskets rotated at 100 rpm or USP method

2 paddles set at 50 rpm. However, it would be more in-
formative and rational to follow the total release profile on
the samples of the product during storage (Murthy and
Ghebre-Sellassie 1993).
In fact, if a revision of the works about dissolution stabi-
lity is made, it is observed that Qt is the commonly used
parameter. However, in most of these works, a qualitative
analysis of the dissolution profiles is included, because of
the limitations of this parameter to detect changes in the
dissolution process (Rohrs et al. 1999; Bauer et al. 1999).
Other authors have also tried to quantify the characteris-
tics of the dissolution profile through the calculation of
the drug dissolved in percentage at different times (Q15,
Q30, Q60, Q90 and Q120) (Al-Zein et al. 1999; Babu and
Pandit 1999; Di-Martino et al. 1999; Wang et al. 1993).
The problem of this procedure is that the necessity of sev-
eral parameters to define the same profile makes the com-
parison among different formulations and/or storage condi-
tions very complex, so finally the authors only use one
parameter (usually Q45 or Q60) to compare. In order to
avoid this problem, other authors prefer to calculate para-
meters such as DEt, which characterizes the whole dissolu-
tion process (Alvarez-Lorenzo et al. 2000; Mura et al.
1999).
For all mentioned above, the parameters calculated in this
work express both the dissolution (Q45, t70 and t100), and
all the process globally (DE45 and MDT). Some of them
are time-dependent (Q45 and DE45), and others dissolved
quantity-dependent (t70, t100 and MDT).
All the observed modifications in the dissolution profiles
of the tablets involved a drug dissolution rate decrease,
except for tablets III after 3 months under low relative hu-
midity (45%), that increased. Obviously, a decrease in the
dissolution rate should involve a decrease in the value of
the time-dependent dissolution parameters (Q45 y DE45).
However, the parameter Q45 is not always able to detect
such modification because it does not represent the whole
dissolution process. If the dissolution at initial time is fast
(Q45 ¼ 100%), an acute decrease of the dissolution rate
during storage must be detected by this parameter.
In the case of tablets II and III the dissolution rate diminu-
tion was not only to be detected by the Q45 parameter
after storage at 45% RH. This also happened to Ondari
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et al. when they studied the dissolution of sugarcoated
chlorpromazine tablets stored under stressed storage condi-
tions (Ondari et al. 1984). A single point determination of
the amount of drug in solution at 60 min showed that the
product was stable under the storage conditions, whereas
the examination of the total release profile would lead to
the opposite conclusion.
When the dissolution rate increases, Q45 also enhances
and when it approaches the value of 100%, it turns out
useless to detect changes in the dissolution process.
Where DE45 is concerned, this problem does not occur.
As it is a parameter that represents the whole dissolution
process, it is able to detect any change: a dissolution rate
increase causes an increase in the DE45 value (i.e. in ta-
blets II after 3 months of storage at 45% RH), and a dis-
solution rate decrease produces a diminution of the DE45

value (i.e. in the rest of the cases).
As for the dissolved quantity-dependent parameters, all of
them increase when the dissolution rate decreases and vice
versa. They exhibit, in all cases, the capacity of detecting
changes in the dissolution characteristics.

2.2. Quantification of the changes in the dissolution
characteristics of each formulation due to storage

The first thing observed through both SIR and MF para-
meters (Figs. 2 and 3) is that the variations in the drug
dissolution kinetics were better detected when dissolved
quantity-dependent dissolution parameters (t70, t100 and
MDT) were used. This is explained by the fact that Q45

and DE45 parameters can only have values within a range
0–100% of the dose. For this reason, the difference be-
tween the values before and after storage is quantitatively
smaller than in the case of t70, t100 and MDT, which can
get any value. For example, the MDT value of the tablets
III at 75% RH is 66.24 min, in contrast to 6.12 min ob-
tained at initial time (Table 6), giving rise to a MF value
of 10.82 (Fig. 3). Whereas, the Q45 values of the same
tablets are 38.47% and 100% for the same conditions
(Table 6), with a MF value of only 2.6 (Fig. 3).
The storage initial ratio (SIR) is an useful parameter to
evaluate the influence of one or more factors on the stabi-
lity of a product, but it is not helpful enough for compara-
tive stability studies among several formulations or among
several storage conditions. This is, because the SIR value
is higher or smaller than 100 according to the dissolution
parameter value which increases or decreases after storage.
It is a parameter that normalizes the new value which re-
spect to the initial one, but it does not quantify the modi-
fication detected. The Modification Factor (MF), used as a
comparative parameter of stability, gets always values
equal to or higher than the unit. Equal to the unit, if there
are no modifications in the parameter analyzed, and high-
er than the unit if a modification has taken place, what-
ever the modification is (whether the dissolution parameter
value increases or whether it decreases). Therefore, the
greater the detected modification is, the higher the MF
value is. This direct relation between the modification de-
tected and the MF value allows to easily determine which
formulation is the most stable or which storage condition
has the worst influence on stability.
For example, it is needed to compare the stability of ta-
blets I and III to know which formulation is more stable
after 3 months of storage at 40 �C –– 45% RH, taking into
account the MDT values for being the more reliable disso-
lution parameter. The MDT value of tablets I was greater
than the initial one, whereas the MDT value of tablets III

was smaller than the initial one. In both cases, a modifica-
tion in the dissolution kinetics had taken place: for tablets
I, the drug dissolution became faster, and, for tablets III,
slower. That modification is shown by SIR values of
MDT: 174 for tablets I and 59 for tablets III (Fig. 2).
However, from these SIR values, it is complex to discern
which of the two types of tablets presented the smallest
modification of the MDT parameter, or which was the
most stable formulation under these storage conditions.
From MF values, it is not so complex. The value of MDT
increased 1.74 times for tablets I (MF ¼ 1.74), while in
tablets III the value of MDT decreased 1.69 times with
storage (MF ¼ 1.69) (Fig. 3). Therefore, the values of MF
[MDT] of tablets I and III were not significantly different.
Then, the modification in the drug dissolution of both
tablets I and III presented the same magnitude, although
in the opposite sense.

2.3. Dissolution stability evaluation of tablets of amon-
afide � 2 HCl

For the selection of the most stable formulation, the MF
values were used.
According to the MF values (Fig. 3), the environmental
humidity is an important instability factor for Amon-
afide � 2 HCl dissolution from the three types of tablets.
This is due to the presence of hygroscopic constituents in
the tablets, as Avicel, PVP and amonafide � 2 HCl.
At 45% RH, tablets II and III, with Emcompress as main
excipient, are the most stable, especially tablets II, since
most of their dissolution parameters are not modified with
storage (MF ¼ 1). At this relative humidity, the only con-
stituent that shows a hygroscopic behaviour is PVP, that is
in a very low proportion, so its influence on the dissolu-
tion parameter is minimum. Amonafide does not show a
hygroscopic behaviour: its equilibrium humidity at 45%
RH is 0.5%. Tablets II are a little more stable than tablets
III, because of Emcompress behaviour and tablet elabora-
tion technique (Ahlneck and Lundgren 1985; Carstensen
1990). Tablets II were elaborated by wet granulation, ta-
blets III by direct compression. At 45% RH and 40 �C,
Emcompress loses its crystallization water of the outer
layers which is easier when it is not into a granule than
when it is. That is, Emcompress loses its water more ea-
sily in tablets III than in tablets II, so the modifications
are more important in tablets III than in tablets II. Be-
sides, since the tablets III has less water than tablets II,
their affinity by the water is higher and, then, their drug
dissolution rate is also higher.
At 45% RH, tablets I, with Avicel as main excipient, are
unstable. Probably, due to the hygroscopic behaviour of
Avicel, which is show from a relative humidity higher
than 10%. This instability of tablets I is even more intense
when the relative humidity increases: at 75% RH, the va-
lue of MDT is more than 10 times the initial one
(MF ¼ 10.36). This modification of the dissolution charac-
teristics of tablets containing hygroscopic constituents
when stored under high humidity conditions is reported in
the literature. Tablets absorb moisture and lose its pres-
torage characteristics because, to a large extent, the inter-
particulate bonds formed in the original compact have
been removed and replaced by new bonds, resulting in
tablets that have a different porosity and pore structure
and, hence, different in vitro release patterns compared
with the original one (Sebhatu 1994). In the case of ta-
blets I, the acute decrease of the dissolution rate detected
at 75% RH may also be explained by the sorption of
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water, due to the presence of Avicel, amonafide and PVP
(they behave as hygroscopic substances at that relative
humidity), that decrease the avidity of amonafide for the
dissolution fluid.
Although the tablets with Emcompress (II and III) are the
most stable at 45% RH, when stored at 75% R.H., they
become very unstable and no significant difference be-
tween these and the tablets with Avicel exist, in particular
if the dissolution parameters that represent all the process
like MDT and ED45 are analyzed. This may be due to the
hygroscopicity of the drug at relative humidities over
60%.
It can be concluded that the proposed method to deter-
mine the dissolution stability is useful to select the most
stable formulation in the development of solid pharmaceu-
tical dosage forms.
In order to determine the dissolution characteristics before
and after storage, parameters representative of all the dis-
solution process should be used. The time-dependent para-
meters present less sensitivity to detect changes than the
dissolved quantity-dependent ones. The parameter Q45,
commonly used in the official specifications for the regis-
tration and marketing of solid dosage forms, is not useful
for dissolution stability studies. A good dissolution para-
meter is, according to this work, MDT.
To quantify the changes detected in the dissolution charac-
teristics with storage, the calculation of the named modifi-
cation factor (MF) is especially useful. It allows to com-
pare directly the stability of different formulations and the
effect of different storage conditions on the stability of
these formulations.
On comparing the dissolution stability of different types
of tablets with amonafide stored at relative humidities of
45% and 75%, it can be said that type II is the most
stable with Emcompress as the main excipient.
However, due to the hygroscopic behaviour of amonafide
at high relative humidities and its influence on the dissolu-
tion stability, it is suggested to protect these tablets against
the environmental relative humidity by an impermeable
container. This statement affects storage conditions of
stability studies for the registration application of this
medicinal product (tablets with impermeable container).
According to the guidelines of the International Confer-
ence on Harmonization about stability testing of new drug
substances and products, the stability studies of medicines
with impermeable container may be done under any con-
trolled relative humidity (2000; 2003).

3. Experimental

3.1. Materials

Active substance: Amonafide dihydrochloride (2 amino-1,8-naphtalimide;
CAS 69408-81-7).
Tablet excipients: microcrystalline cellulose (Avicel1 PH101), dicalcium
phosphate dihydrate (Emcompress1), povidone K30 (Kollidon1 30), and
magnesium stearate Eur. Ph. Grade.

Main apparatus and devices: dissolution tester (Sotax, Barcelona, Spain),
spectrophotometer (DU Beckman, Madrid, Spain), liquid chromatograph
(Hewlett-Packard, Madrid, Spain).

3.2. Elaboration of the tablets

Three types of tablets, I, II and III, were manufactured with 251.5 mg of
amonafide � 2 HCl. The main excipient was Avicel PH101 for tablets I and
Emcompress for types II and III. Their composition (in weight%) is shown
in the Table 7. Tablets I and II were manufactured by wet granulation,
type III by direct compression. For tablets III, the drug was granulated
with a 5% hydroalcoholic solution of Povidone K30 and, then mixed with
excipients for direct compression (Torres et al. 1995).

3.3. Storage conditions

The three types of tablets were placed in open containers and stored at
40 � 2 �C under two different relative humidities: 45 � 5% and 75 � 5%.
The tablets were tested after 3 months of storage.

3.4. Dissolution assay.

The dissolution profile of the active substance formulated in the three
types of tablets was studied in the recently prepared tablets (initial time)
and after the storage under the different conditions. The assay was carried
out with 6 tablets.
The USP 26 dissolution test apparatus (with a basket as stirring element)
was used at 100 r.p.m. and with 900 ml of HCl 0.1N as test fluid (from
the solubility coefficient of amonafide � 2 HCl at pH 1.2, the drug is com-
pletely dissolved in the gastric medium). At pre-established time intervals,
a 3 ml aliquot sample was withdrawn from the dissolution vessel (without
replacing the extracted volume), filtered through 0.45 mm and analyzed by
UV spectrophotometry after suitable dilution with deionized water. Tablet
drug content was determined by HPLC (Camacho et al. 1994) to verify
that, during storage, the drug substance had not been degraded. In this
way, if any modification on the dissolution profile with storage is detected,
it is only due to physico-chemical modification of the dosage form.

3.5. Data analysis

3.5.1. Determination of the dissolution characteristics of each formulation

The dissolution profile was defined by the amount of dissolved drug in
percentage (Q), versus the dissolution time in minutes (t).
Experimental data (Q versus t) were fitted to different empirical models
with the aim of searching the best mathematical fit. Exponential and poly-
nomial mathematical equations were used. The goodness of fit of the ex-
perimental data to the proposed mathematical models was evaluated
through the c2-test.
If the data can be fitted to different models, the best fit was determined by
comparing the residuals: it is well known that the smaller the value of
weighed sum of squares (WSSQ) is, the better the fit is. It should be taken
into account that, within the same mathematical model (exponential or
polynomial), normally, the higher the number of equation parameters is,
the better the fit is. For this reason, if the same experimental data were
fitted to two equations of the same mathematical model, but with m1 and
m2 parameters (m1 < m2) and WSSQ1 > WSSQ2, the significance of the
improvement in the WSSQ value might be evaluated by the F-test. When
the improvement was not statistically significant, the simplest equation
(m1) was accepted.
From the selected mathematical equations, the following drug dissolution
parameters were calculated:

� Time-dependent parameters: the percentage of drug dissolved at 45 min.
from the dissolution test beginning (Q45) and the dissolution efficiency
at the same time, 45 min. (DE45).

� Dissolved quantity-dependent ones: time in dissolving the 70% and
100% of the dose (t70 and t100) and mean dissolution time (MDT).

3.5.2. Quantification of the modifications of the dissolution characteristics
of each formulation during the storage

For each type of tablets studied, the values of the dissolution parameters
after storage were compared with the values obtained at initial time (t ¼ 0)
by a t-Student test. If significant differences were detected, they were
quantified by means of the calculation of parameters that express the stabi-
lity as a relative value:

� Storage Initial Ratio (SIR), as a parameter used by other authors (Bos
et al. 1991):

SIR ½Y� ¼ ðYt=Y0Þ � 100 ð3Þ
Where: Y is the dosage form characteristic to be studied. Yt is the Y value
after storage. Y0 is the Y value at initial time.

� Modification Factor (MF), as a new parameter proposed in this paper:

MF ½Y� ¼ Yh=Yl ð4Þ
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Table 7: Composition (in weight%) of the tablets of amona-
fide � 2 HCl

Constituents Tablets

I II III

Amonafide � 2 HCl 62.50 60.03 67.32
Avicel1 PH101 31.24 4.96 4.81
Emcompress1 � 30.01 24.04
Providone1 5.46 4.20 3.03
Mg stearate 0.80 0.80 0.80



Where: Y is also the stability characteristic. It can present two values, before
and after the storage: Yh is the highest Y value and Yl is the lowest one.
This parameter is based on the definition of the statistical F-Snedecor para-
meter used for comparing two variances.

3.5.3. Comparison of the quantified modifications of the different formula-
tions under different storage conditions

The SIR and MF values of the dissolution parameters were compared for
the three types of tablets of amonafide � 2 HCl and for the two different
storage conditions. This comparison allows:

� To select the amonafide tablets with the highest dissolution stability.
� To determine the influence of the storage relative humidity on the disso-

lution stability of amonafide tablets.
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