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Two 1,000 mg prolonged-release ciprofloxacin (CIP) tablets marketed in Colombia were compared for quality
control tests and dissolution profile as established in the United States Pharmacopeia 42-NF 37 and the Food and
Drug Administration guidance on dissolution testing. The dissolution profiles in three dissolution media (pH 1.2, 4.5,

and 6.8) were examined and compared using mathematical methods with model-independent and model-dependent
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approaches. The results showed that the evaluated products met the pharmacopeial specifications. CIP exhibited poor
dissolution in the pH 6.8 medium for both products, and the comparative analysis of dissolution profiles in pH 1.2 and
4.5 media indicated the in vitro similarity between the formulations with drug release adjusted to Weibull function
kinetics. Both products can be considered pharmaceutically equivalent, and it is necessary to test their bioequivalence
in an in vivo study in order to comply with the requirements established for modified-release formulations in most of

INTRODUCTION

Access to medicines is a worldwide concern, which
is why the manufacture of generics is of great importance in
the market (WHO, 2018). The fundamental advantage of these
drugs over reference or branded drugs lies in their lower cost and
easy access. However, internationally, there is a debate on their
quality which casts a shadow on their efficacy and safety (Arcaro
et al., 2021; Straka et al.,, 2017; Torres Serna et al., 2018). The
implementation of Good Manufacturing Practices, Good Practice
of Laboratory, the studies of bioequivalence, and the inspection
by sanitary authorities have promoted the accomplishment of
quality standards of generic marketed drugs (WHO, 2020), but
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inspections have also revealed some quality problems related to
antibiotics drugs (WHO, 2017).

Ciprofloxacin (CIP), a class III drug according to the
Biopharmaceutical Classification System (Reddy et al., 2017;
WHO, 2006), is a broad-spectrum antibiotic belonging to the
second generation of the quinolone group, and it is frequently
prescribed for the treatment of infectious diseases, mainly of the
urinary tract (Chao and Farrah, 2019; Instituto Nacional de Salud
de Colombia, 2016). Prolonged-release (PR) formulations of CIP
have shown advantages over conventional products in terms of
patient compliance and reduced adverse effects (Omari et al.,
2011). Nevertheless, in Colombia, there are very few oral CIP PR
products authorized for commercialization. Since bioequivalence
was not mandatory in Colombia for modified-release (MR)
products before 2016, nowadays, there are no bioequivalent CIP
PR products available in the country.

The release of an active pharmaceutical ingredient
(API) from solid oral formulations is a prerequisite for its
absorption, bioavailability, and subsequent clinical response,
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and it depends on the physicochemical characteristics of the
API, on the excipients used, and on the product technology
(Qiu et al, 2016). Differences in the formulation among this
kind of products can affect their release characteristics, and for
MR formulations of antibiotics, it has been shown that changes
in the composition affecting the release profile of the drug can
also cause variations in the minimum inhibitory concentration
and the emergence of bacterial resistance, which is currently a
major public health problem (Beg ef al., 2012). Considering that
the difference between generic and reference drugs is precisely
in the composition of the formulation, it would be possible to
find variations in the release profiles among MR antibiotics
from different manufacturers, early through in vitro dissolution
studies, before the in vivo evaluation of bioequivalence
(Anderson et al., 1998).

In this study, we aimed to compare the dissolution
profiles of two CIP 1,000 mg PR products, namely, the
Colombian generic product and reference product, available
for use in several Latin American countries, such as Brazil,
Costa Rica, Cuba, Ecuador, Panama, Peru, and Venezuela.
The results enabled us to conclude about the quality of the
tested products, describe their release characteristics, and
evaluate for any significant differences between them; this
is all important information to consider prior to planning a
bioequivalence study.

MATERIALS AND METHODS

Materials, reference substance, and products

Reagents

Sodium acetate, hydrochloric acid 37.30%, and
monobasic potassium phosphate were from J.T. Baker
(Shanghai, China), HPLC-grade acetonitrile, glacial acetic
acid, orthophosphoric acid 85%, potassium chloride, sodium
hydroxide, and triethylamine 99% were from Merck (Darmstadt,
Germany). Water was purified using a Milli-Q system from
Millipore (Bedford, MA).

Reference substance

Secondary standard of CIP hydrochloride traceable to
the United States, Europe, and British Pharmacopeial standards,
were obtained from Sigma-Aldrich (PHR1044, Lot LRAA8718,
Deisenhofen, Germany).

CIP products

Two commercial products of CIP extended-release
tablets (1,000 mg) were evaluated and designated as generic
medicine (CX) and reference medicine CIPRO XR® (XR). The
studies were carried out using formulations from the same batch,
which were used within its useful life.

Instruments

Dissolution testing was carried out with a 708-DS
dissolution apparatus coupled to 850-DS sampling station, and
samples were quantified by UV-Vis spectroscopy using a CARY
60 UV-VIS spectrophotometer, all from Agilent (Santa Clara,
CA). CIP assay was carried out using a Chromaster HPLC system
(Hitachi, Tokyo, Japan).

Methods

Assay

To obtain the individual monograph of CIP PR tablets,
the HPLC assay method from the United States Pharmacopeia
(USP) 42-NF 37 (USP, 2019a) was adopted. The mobile phase
consisted of a mixture of phosphoric acid adjusted to pH 3.0 with
triethylamine and acetonitrile (87:13). Separation was carried out
using a Gemini® C18 column, 5 pm, 150 x 4.6 mm (Phenomenex,
Torrance, CA) at 30°C. All analyses were carried out under
isocratic conditions at a flow rate of 1.5 ml/minute and a detection
wavelength of 278 nm.

To prepare the standard solution, an appropriate
amount of the standard powder was weighed and dissolved in
the mobile phase. Next, a 1 ml aliquot was placed in a 10 ml
volumetric flask and made up to the volume with the mobile
phase (0.058 mg/ml).

To prepare the sample solution, 20 tablets of each
product were weighed individually, and the average weight was
calculated. Next, the tablets were ground into a fine powder
and weighed to the equivalent of 125 mg of CIP in triplicate.
The powder was then transferred to 250 ml volumetric flasks
containing 200 ml of the mobile phase. The solutions were
placed on an orbital shaker (J.P. Selecta, Barcelona, Spain) for
15 minutes, sonicated by an ultrasonic bath (Branson-Emerson,
St. Louis, MO) for 25 minutes to complete their homogenization,
allowed to cool to room temperature, and then made up to the
volume with the mobile phase. A portion of each solution was
filtered (0.45 um, nylon), and aliquots of 1 ml were transferred
to 10 ml volumetric flasks. The volume was completed with the
mobile phase (0.05 mg/ml). Finally, a filtered portion (0.22 pm
PTFE) of the dilutions was taken to be injected in triplicate into
the chromatograph.

Identification

Identification was carried out by comparing the retention
time of the CIP products against that of the standard solution.

Physical tests

Physical tests were carried out on 10 units for each
evaluated product. The tested parameters were as follows:

Average weight: the tablets of each product were
weighed individually. The average weight and relative standard
deviation (RSD) were then calculated.

Dimensions: the length, width, and height of the tablets
were measured by using a micrometer. The average values and the
RSD were then determined.

Friability: the test was conducted using a friability tester
(Nova Etica-Ethik, SP, Brazil), as indicated in Chapter 1216 of the
USP. The friability was expressed as a percentage of the weight
loss after agitation at 25 r.p.m. for 4 minutes (100 times) (USP,
2019b).

Dosage uniformity

Dosage uniformity of CIP tablets was determined via the
weight variation method by calculating the acceptance value (AV)
according to the USP Chapter 905 (USP, 2019¢).
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Validation of the analytical method for dissolution tests

A spectrophotometric method was validated based on
the USP monograph for CIP PR (USP, 2019a), including three
dissolution media: hydrochloric acid pH 1.2, acetate buffer
pH 4.5, and phosphate buffer pH 6.8. To evaluate the linearity,
accuracy, and precision of the method, calibration curves of the
CIP standard in each medium were prepared, and the parameters
were determined as follows.

Linearity was determined using three six-level calibration
curves in the range of 0.55-8.57 pg/ml for each medium. For all
cases, a goodness-of-fit test was applied considering the values
of determination coefficients (%) >0.999, relative error due to
regression <2.0%, RSD of response factors <2.0%, and Cochran’s
G test (Gexp <SG )

Accuracy was evaluated via the standard addition
method, in which samples at three concentration levels (1.5, 3.5,
and 7.0 pg/ml) were prepared in triplicate for each dissolution
medium and quantified by interpolation from the calibration
curves, considering acceptable average recovery percentages
between 97.0% and 103.0%. In addition, for each dissolution
medium, Student’s #-test was applied, comparing the mean of the
recovery percentages with a reference value of 100% recovery
(AEFI, 2001).

Precision was determined as repeatability and
intermediate precision. Repeatability was evaluated by calculating
the RSD values of the concentration obtained for accuracy samples
at each level and dissolution media. For intermediate precision,
the effect of the interday variability (three different days) and two
analysts was evaluated with three replicates for each medium at
a nominal CIP concentration of 5.5 pg/ml. RSD values <3.0%
and <6.0% were considered acceptable for repeatability and
intermediate precision, respectively.

USP dissolution test

Dissolution was tested according to method 1 of the USP
monograph for CIP PR. Six units of each product were subjected
to dissolution test under the following conditions: apparatus 2
(paddle) at stirring rate of 50 rpm with 900 ml of acetate buffer (pH
4.5) at 37°C. The sampling times were 30, 60, and 120 minutes
after the start of the test. At each time point, 2 ml of sample was
withdrawn from each dissolution vessel and replaced with fresh
medium. Next, the samples were filtered (0.45 pm, nylon), and
aliquots of 50 pul were transferred to 10 ml volumetric flasks that
were made up to the volume with the medium. The percentages of
dissolved CIP were quantified by UV spectrophotometry at 278
nm using a standard calibration curve and compared against to O
values established in the USP monograph: O, . (30%—-50%), O,
i (30%-70%), and O (not less than 80%) (USP, 2019a).

120 min

Dissolution profiles

The test was carried out on 12 units for each product
following the USP method (USP, 2019a) with three dissolution
media (hydrochloric acid pH 1.2, acetate buffer pH 4.5, and
phosphate buffer pH 6.8). For greater confidence in the data
obtained, the 12 units were analyzed in two independent
experiments on different days and with six units each. Samples
were withdrawn from each dissolution vessel at times of 0.5, 1,
2,4,6, 8,12, 16, 20, and 24 hours, and the dissolved CIP was

quantified via UV spectrophotometry at 278 nm for media of pH
1.2 and 4.5 and at 272 nm for that of pH 6.8, using the calibration
curves constructed for each medium. In the quantification stage,
the percentages of dissolved CIP were calculated, considering
only acceptable RSD values <20% for samples at the first time
point (0.5 hour) and <10% for the subsequent times (FDA, 1997;
Minsalud Colombia, 2016). In order to describe the drug release
in each product, concentration versus time plots were constructed
with data represented as mean + standard deviation (SD) of the
12 units. The dissolution profiles obtained were compared using
model-independent and model-dependent methods.

Data analysis

Model-independent method: in the model-independent
method, difference factor f, (Eq. 1), similarity factor f, (Eq. 2),
dissolution efficiency (DE), and the mean dissolution time (MDT)
were calculated as follows:
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In both equations, Rt and Tt are the percentages of
drug dissolved during a period of ¢ time for reference and
generic formulations, respectively, and n is the number of
experimental points on the dissolution profiles. Factor f, values
of 0-15 reflect the nonexistence of accumulated differences
between two profiles at all experimental points. Factor £, values
of 50-100 indicate similarity between the formulations. The
Food and Drug Administration, European Medicines Agency,
and World Health Organization recommend the use of factor f,
for comparison of dissolution profile (EMA, 2010; FDA, 1997,
WHO, 2006).

DE of each product was calculated as the area under
the dissolution curve up to time ¢ (AUCq,t =24hours and was
expressed as a percentage to that of the area of the rectangle

described by 100% dissolution at the same time point (Q,,, . Eq. 3)
(Aguilar Ros et al., 2014):
%DE = AUG x 100 (3)
QlUO,t

MDT was calculated to characterize the dissolution rate
of the drug in each dissolution profile using Equation (4), where
#; is a midpoint between two sampling time, AQ: is the amount
of drug dissolved in every interval of time, and O~ represents the
maximum of drug dissolved (Aguilar Ros et al., 2014).

Z[ZXAQI']
MDT =————= 4)
0.

Model-dependent method: the experimental data
obtained for each dissolution profile in the three media were
transformed by applying the equations of different kinetic models
as follows: order zero, order one, cube root, square root, and
Weibull function. The best-fit model was selected considering the
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Table 1. Results of CIP content in the assayed products.

Product CIP content (%) (RSD): p value
XR 99.19 (0.74%)
0.15
CcX 98.26 (0.55%)

* Percentages of CIP are expressed as mean (n = 3).
XR: reference medicine CIPRO XR®; CX: generic medicine.

values of 72 (close to unity), and the smallest Akaike information
criterion value (AIC) was also used as a discriminatory parameter

(Eq. 5):
AIC =n x In (WSSQ) + 2p ©)

where n is the number of dissolution data points, p is the
number of parameters of the model, and WSSQ is the weighted
sum of the square of residues (Costa and Sousa Lobo, 2001).

Once the best-fit model was selected, the parameters
describing the model were estimated for each product and
dissolution media.

Statistical analysis

The software Statgraphics Centurion XVI v.16.1.02
was used for statistical analyses. The means of the results of the
tests for the two products were compared using Student’s z-test
for two independent samples, with a confidence level of 95%
and significance level alpha of 0.05. Normal distribution of the
data was verified by the Shapiro—Wilk test and homogeneity of
variance by the F test.

RESULTS AND DISCUSSION

Assay, identification, and physical tests

Results of CIP content in the studied products, as
determined via HPLC, are presented in Table 1. In all products,
the CIP content (%) met the specifications of the monograph

(90.0%-110.0%) (USP, 2019a); the generic product was similar
in potency to the reference medicine (p > 0.05). It was found a
total correspondence between the retention times of CIP in the
analyzed products where were compared with that in the reference
substance

The results of the physical tests are presented in Table 2.
The distribution of the weight of the products tablets ranged
between 1,499.40 and 1,638.30 mg with RSD values of <0.32%
that indicated low variability of this parameter in both products.
In addition, the percentages of the drug in the composition
of the tablets were not less than 60% of the total weight of the
dosage units for the evaluated brands. The dimension test results
showed that the values of length, width, and height had an RSD <
1.00%, which indicates that the tablet dimension per product was
homogeneous.

According to the results of the friability test, the
percentage of weight loss in both products was <1.0% meeting
the pharmacopeial specification and indicating that the
tablets exhibit wear resistance during the manufacturing and
modification stages. The dose uniformity test showed that the
products complied with the maximum allowed AV, L, = 15.0.
This possibly indicates a homogeneous distribution of CIP in
the tablets as well as adequate and uniform incorporation of the
active substance and excipients during the manufacturing process
(USP, 2019b; Qiu et al., 2016).

Validation of the analytical method for dissolution tests

The spectrophotometric method for quantification of
dissolved CIP was validated for the three dissolution media used
for dissolution profiles, and the results showed that the method
had linearity range of 0.55-8.58 ug/ml, with > > 0.999, relative
error due to the regression <2%, RSD of the response factors
<2%, and chp < G, Which indicate the goodness-of-fit of the
regression (Table 3). The method was also proven to be accurate
as it achieved recovery percentages between 97.0% and 103.0%,
with RSD < 3.0%. t-test was conducted to confirm the accuracy
in all cases, where lop <1, indicating no significant differences

tables”

Table 2. Results of physical tests: average weight, dimension, friability, and dose uniformity (weight variation).

Product Average weight* Dimension (mm) (RSD)* Friability (%  Dose uniformity
(mg) (RSD) Length Height Width weight loss) (AV)
XR 1,504.89 (0.26%) 23.24 (1.00%) 7.03 (0.33%) 10.13 (0.12%) 0.0073 9.46
CcX 1,632.18 (0.32%) 25.30 (0.12%) 7.31 (0.55%) 10.10 (0.12%) 0.0031 12.40

* Dimensions expressed as mean (n = 10).

AV: acceptance value according to the USP Chapter 905 (USP, 2019c¢); XR: reference medicine CIPRO XR®; CX: generic medicine.

Table 3. Linearity of the analytical method for dissolution tests of CIP.

Buffer Range (ug/ml) e Relative erro.r due to RSD (%) response factors Cochran’s G test”
regression

pH 1.2 0.9999 0.35 1.10 0.46

pH 4.5 0.55-8.57 0.9998 0.36 0.88 0.42

pH 6.8 0.9998 0.40 1.55 0.40

* Average of three calibration curves of CIP standard in each medium.
G table =0.61.
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Table 4. Accuracy and precision of the analytical method for dissolution tests of CIP.

Precision
Accuracy
Buffer Concentration level (ng/ml) Repeatability Intermediate precision ¢
Recovery (%) * oo b RSD (%) RSD (%)

1.5 97.37 1.80

pH 1.2 3.5 99.85 1.484 0.19 0.39
7.0 99.36 1.09
1.5 100.87 1.43

pH4.5 3.5 100.78 3.727 0.99 0.98
7.0 101.75 0.59
1.5 100.35 0.63

pH 6.8 3.5 99.92 0.697 0.78 0.48
7.0 98.67 0.25

“Recovery (%) with respect to theoretical concentration.
bt-tables = 4.303.

¢ Concentration level = 5.5 ug/ml, RSD (%) for three different days and two analysts.

Table 5. Results of the dissolution test of the CIP PR products according to USP monograph.

% dissolved CIP (RSD)* p value
Product
30 minutes 60 minutes 120 minutes 30 minutes 60 minutes 120 minutes
XR 42.74 (5.41%) 62.55 (3.29%) 86.94 (2.08%)
0.00%* 0.58 0.10
CX 46.89 (3.36%) 63.38 (4.69%) 84.36 (3.60%)

The products met USP monograph L1 criteria: O, .- 30%-50%, O .- 50%~70%, and Q ,, .- not less than 80%.

XR: reference medicine CIPRO XR®; CX: generic medicine.
* Values expressed as mean of %CIP dissolved (RSD, n = 6).
**p <0.005.

between the average recovery and the 100% recovery. Finally,
the method was proven to be precise, with RSD values of <3.0%
for repeatability and RSD < 6.0% for intermediate precision
(Table 4).

Dissolution test

In order to evaluate if the analyzed products met
the specifications established by the USP monograph for CIP
PR, the dissolution test 1 (USP, 2019a) was carried over. The
percentage amount of dissolved CIP in the analyzed products met
the established range of Q. for the L1 level dissolution criteria
(Table 5), showing the good in vitro performance of the products.
However, significant differences were observed in the O, .
values between XR and CX products (p < 0.05).

The generic medicine released about 4% more CIP
than the reference within the first 30 minutes; this may be due
to differences in the formulation excipients (Omari et al, 2011).
Knowing that the dissolution test works as a substitute in vitro for
evaluation of the performance of the medicines and it could be an
adequate tool for comparisons of generic versus reference products
(FDA, 1997; Minsalud Colombia, 2016; Polli, 2008), this result
justified the performance of dissolution profiles in the pH range
of 1.2 to 6.8 to analyze possible differences between the products.

Dissolution profile

AtpH 1.2 and 4.5, both products showed a characteristic
profile, corresponding to a slow, controlled, and complete release
which is typical of PR systems (Fig. 1). In those conditions,
the RSD of the dissolved %CIP at the sampling times met the
criteria established with values <6.8%; the products released
approximately 80% of CIP after 2 hours, with the exception of
CX in the pH 1.2 buffer in which it released only 68%, but at the
end of the test (24 hours), the released %CIP was greater than
97% for all the products in the media aforementioned. Meanwhile,
in the pH 6.8 phosphate buffer medium, the products coincide in
showing a poor release profile exhibiting released %CIP values
less than 15% (Fig. 1).

The physicochemical characteristics of CIP could
explain the greater release percentages observed in the pH 1.2
and 4.5 media (up to 80%) and the poor release of the drug at
pH 6.8 (less than 15%) since CIP exhibits a “U”-shaped pH-
solubility profile in which it is highly soluble at pH values below
5 and above 10. This behavior is caused by the fact that CIP is
a zwitterion (an electrically neutral chemical compound that has
positive and negative formal charges on different atoms), with
pKa, of 6.0 (acid group), pKa, of 8.8 (basic group), and isoelectric
point of 7.2, where it is less soluble (neutral species) (Roca Jalil
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Figure 1. Dissolution profile of the CIP products in hydrochloric acid buffer medium (pH 1.2), acetate buffer
dissolution medium (pH 4.5), and phosphate buffer dissolution medium (pH 6.8). XR: reference medicine CIPRO XR®;

CX: generic medicine. Data are expressed as mean + SD.

et al., 2015). The pH of the greatest solubility of CIP agrees with
that for the upper gastrointestinal tract, where drug absorption is
more efficient (Olivera et al., 2011).

Model-independent analysis

Table 6 presents the results of profile comparison using
the model-independent method, in which only the profiles that met
the established RSD criteria for the percentages of dissolved CIP
at the sampling times were analyzed.

According to the literature, f, values >50% indicate
differences less than 10% in the dissolution profiles of two products,
/, values >65% indicate that the differences are reduced to 5%, and
J/, values >83% indicate that the differences are even smaller than
2% (Gohel et al., 2014; Shah et al., 1998). Moreover, f, values <15
reflect the nonexistence of accumulated differences between the
profiles (FDA, 1997). The model-independent analysis showed
that the dissolution profile of CX can be considered similar to that
of XR in the pH 1.2 and 4.5 media, based on the f, value less than
5.2 and the f, value greater than 50.

The values of DE and MDT were calculated in order
to preliminarily describe the dissolution rate constant of CIP in
the studied formulations. Since DE values can be theoretically
correlated to the plasma concentration versus the time curve
obtained in vivo, it is a good parameter to compare dissolution
profiles (Alkhalidi ez al., 2010). At pH 4.5, pretty closer DE% for

CX and XR products was observed, which confirmed the similarity
between the dissolution profiles.

For his part, MDT characterizes the release rate of the
drug from a dosage form, and in MR formulations, it indicates
the efficacy of a polymer in delaying drug release (Wadher et al.,
2011). According to the manufacturer, CIP XR tablets contain two
layers, one of immediate release and another of controlled release
consisting of an erosion matrix (Bayer HealthCare, 2021); once it
is orally administered, the formulation rapidly releases up to 35%
of the total dose and then gradually releases the remaining of the
drug by water-swell of the polymer hypromellose, resulting in the
erosion of the matrix (Gao et al., 2011; Talan et al., 2004). The
products presented similar MDT values in the pH 4.5 medium,;
this finding can be attributed to the similar nature of the polymer
used in the study formulations that delays the release of the drug
from the matrix.

In contrast, at pH 1.2, both DE and MDT were
statistically different between reference and generic products,
but the variation was less than 10% for DE, which is considered
acceptable to conclude about the equivalence between dissolution
profiles (Anderson et al, 1998). Differences closer to 1 hour
between MDT values of CIP PR products were also observed in
this pH condition. However, literature reports indicate that even
PR formulations with very different values of MDT and mean
residence time (MRT) could be bioequivalent (Gomez-Mantilla

Table 6. Model-independent method of the CIP PR products.

Dissolution medium

Product pH 1.2 buffer pH 4.5 acetate buffer
f £, DE (%)* MDT (hour)* f £, DE (%)* MDT (hour)*
CX 91.47+1.410%  3.38+0.381* 94.60 + 1.444 1.76 £ 0.370
5.02 53.97 5.14 71.97
XR 94.85 + 1.786 2.41 +0.447 94.58 +0.728 1.73+0.192

1,: difference factor f;; f,: similarity factor f); DE: dissolution efficiency; MDT: mean dissolution time; XR: reference medicine CIPRO XR®; CX: generic medicine.

* p <0.05 indicates a significant difference in parameter between CX and XR products.

*Data are represented as mean + SD.
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Table 7. Model-dependent analysis of dissolution of CIP PR products.

pH 1.2 pH 4.5
Model Parameter

XR CX XR CX
r 0.7573 0.8789 0.7337 0.8454

Zero order kd 8.52 9.53 9.20 9.98
AIC 33.91 35.37 27.84 73.25
” 0.9287 0.9393 0.9580 0.9648

First order kd 0.44 0.37 0.66 1.23
AIC —1.84 —6.03 0.27 —6.34
r 0.8779 0.9261 0.9190 0.9527

Cubic root kd 0.38 0.36 0.53 0.49
AIC —2.4415 —7.34 —0.58 —6.35
” 0.8697 0.9532 0.8508 0.9348

Square root kd 29.18 31.71 31.67 33.54
AIC 28.62 29.67 25.52 32.44
r 0.9819 0.9822 0.9882 0.9665

p 0.70 £+ 0.050 0.69 +0.033 0.85+0.050 0.85+0.050
Weibull
td 1.11 £ 0.061* 1.53 £0.111%* 1.03 +0.080 1.01 £0.054
AIC —12.60 —16.11 —9.52 =7.74

kd: dissolution constant; : dimensions associated with the slope of the Weibull function indicating the curve shape (mean + SD); td: time in hours required for 63.2%
of the dose to dissolve according to Weibull function (mean + SD); AIC: Akaike Information Criterium; XR: reference medicine CIPRO XR®; CX: generic medicine.

* p <0.05 indicates a significant difference in parameters between CX and XR products.

et al., 2014); thus, this parameter could not affect the equivalence
aforementioned.

Model-dependent analysis

The model-dependent method was applied to compare
the parameters describing the dissolution profiles of the evaluated
CIP PR products; since the drug was poorly released at pH 6.8,
modeling was only made for the pH 1.2 and 4.5 media. According
to 72 and AIC values, the profiles were best-fit to a Weibull function
with the parameters presented in Table 7.

Weibull model has been widely used to analyze drug
release from solid dosage forms since it could be applied to
describe almost all types of dissolution curves when the drug
release mechanism is the class Fickian diffusion (proportional
to the gradient of the drug concentration), especially for a
curve that exhibits fast and complete dissolution of the drug
(Dokoumetzidis et al., 2006; Papadopoulou et al., 2006). In this
function, f characterizes the shape of the dissolution curve as
either exponential (f = 1), sigmoid/S-shaped (f > 1), or parabolic
(B < 1), and td represents the time required for release 63.2% of
the drug (Costa and Sousa Lobo, 2001). The shape of dissolution
profiles of CIP from XR and CX products was parabolic for both
pH media, while td values were equivalent at pH 4.5 but exhibited
significant differences between products at the more acidic pH
being less for the reference medicine, which also presented the
lowest MDT and the greater DE from the model-independent
analysis at pH 1.2 (Table 6).

In vivo comparison studies have proven the convenience
of'the use of CIP PR once a day against two doses of CIP-immediate
release, since PR formulation provided more favorable plasma
concentrations, less variability between patients, and reduction of
frequency of nausea and diarrhea (Meagher et al., 2004; Omari
et al, 2011; Rashid et al., 2011; Talan et al., 2004), attributes that
could improve patient adherence to treatment and thus reduce the
risk of recurrence infections or bacterial resistance.

Comparative studies between branded and generic drugs
can contribute to improving the confidence of healthcare personnel
and the community in all the medical technologies available on the
market. It is important to have MR antibiotics accessible to the
public given the aforementioned advantages.

CONCLUSION

In this study, the results of the quality control tests,
dissolution profiles, and the release-kinetic parameters of 1,000
mg CIP PR tablets commercially available in Colombia were
compared. The products CX and XR evaluated met all the quality
specifications established in USP 42-NF 37, and the dissolution
profile analysis showed that the drug release of the products was
similar at pH 1.2 and 4.5 media.

Considering that CIP XR and CX products contain
identical amounts of the API in the same chemical forms
(hydrochloride and base), along with the f, and f, values, the
modeling and the quality control assays result, both products can
be considered pharmaceutically equivalent, and it is necessary to
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test their bioequivalence in an in vivo study in order to comply
with the requirements established for MR formulations in most of
the countries.
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