Bioequivalence and
Pharmacokinetic Study of

Two Oral Formulations of
Ciproflo xacin Tablets in Healthy

Male Volunteers

Mohammad Abul Kalam Azad, MPharm*

Ashik Ullah, MPharm*
A.H.M. Mahbub Latif, PhD?
Abul Hasnat, PhD*

*Department of Clinical Pharmacy and Pharmacology, University of Dhaka, Dhaka, Bangladesh
fnstitute of Statistical Research and Training, University of Dhaka, Dhaka, Bangladesh

KEY WORDS: ciprofloxacin, pharma-
cokinetic, bioavailability, bioequivalence

ABSTRACT

Objective: The objective of this study
was to compare different pharmacoki-
netic parameters of a locally manufac-
tured (Quinox) and reference
(Ciproxin) formulation of ciprofloxacin
250 mg tablets after oral administration
of a single dose under fasting condition.

Method: Fourteen blood samples were
collected from each of 24 healthy male
Bangladeshi volunteers over 12 hours
after oral administration of the drugs.
Serum ciprofloxacin concentrations
were determined by high-performance
liquid chromatography (HPLC) assay
using ultraviolet (UV) detection, and
pharmacokinetic parameters were deter-
mined by the non-compartmental
method.

Results: Mean plus or minus standard
deviation (SD) of peak plasma concen-
tration (C__ ), area under the serum con-

centration-time curve (AUC_ ,,), area

under the serum concentration-time
curve extrapolated to infinity (AUC,, ),
serum elimination half-life (¢,,), and
elimination rate constant (k ), were 1.49
+ 0.085 and 1.46 + 0.032 ug/mL, 5.82 +
0.38 and 5.79 + 0.67 hr.ug/mL, 6.86 =
0.93 and 6.92 + 0.92 hr.ug/mL, 4.96 +
1.19 and 4.52 + 0.66 hr, and 0.147 + 0.033
and 0.156 + 0.022 hr for the locally
manufactured (test) and reference for-
mulation, respectively. For both formula-
tions time to reach peak serum
concentration (7 ) was found to be 1.2
(£ 0.27) hr. From the paired #-test, the P-
values for the two formulations were
found to be 0.624, 0.784, and 0.460 for
AUC, ,, AUC,,and C__ respectively.
The 90% confidence intervals of the
mean of the difference between log-
transformed values for AUC, ,, AUC,,
and C___were within the bioequivalence
accepted range of 80% to 125%, name-
ly: 97.99% and 103.18%; 96.47% and
101.73%; and 99.96% and 103.69%,
respectively.

Conclusion: The results indicate that the
two formulations are bioequivalent for
both the rate and extent of absorption.
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Table 1. Precision and Accuracy of the Method for Determining Ciprofloxacin Levels in Human

Plasma (n=5)

Concentration
(ng/mL) Relative error* Intra-day Inter-day
Added Found (%) RSD (%) RSD (%)
10 10.45 4.54 2.86 10.87
50 55.01 10.03 8.35 6.45
500 486.99 -3.82 1.68 2.26

RSD=relative standard deviation

*Relative error=(mean measured concentration - added concentration) X 100/added concentration

INTRODUCTION

Ciprofloxacin [1-cyclopropyl-6-fluoro-
1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-
quinolinecarboxylic acid] is a quinoline
carboxylic acid derivative with broad
antibacterial activity against both gram-
positive and gram-negative bacteria.'
This compound was found to be sub-
stantially more active against enterobac-
teriaceae than the older drugs of this
class, such as nalidixic acid, with mini-
mum inhibitory concentrations ranging
from 0.008 to 2.0 mg/L.'* A single-dose
pharmacokinetic study of ciprofloxacin
showed that an oral dose of
ciprofloxacin was absorbed well and
rapidly and exhibited excellent tissue
penetration.® Peak plasma concentra-
tions occur at 47 + 20 minutes.” Various
enteral feeding can decrease
ciprofloxacin C___ by 26% to 47% and
AUC by 58% to 73%.%1°The aim of this
study was to compare, under fasting con-
ditions, the rate and extent of absorption
of two 250-mg tablet formulations of
ciprofloxacin, a locally manufactured
(test) formulation, Quinox (SKF,
Eskayef Bangladesh Ltd., Dhaka,
Bangladesh) and a reference formula-
tion, Ciproxin (Bayer Health Care
Pharmaceuticals, United Kingdom).

SUBJECTSAND METHODS

Subjects

Twenty-four healthy, nonsmoking, adult
Bangladeshi male volunteers (mean age

+ SD, 25 + 1.3; range, 24-27 years) were
randomly selected for enrollment in the
study. The mean body weight and height
of the subjects was 68.4 + 5.18 kg (range,
64-75 kg) and 1.69 + 0.06 m (range, 1.62-
1.78 m) respectively, producing a mean
body mass index (BMI) of 23.9 + 1.45
kg/m? (range, 21.5-25.1 kg/m?). Subjects
were selected after their medical history
was obtained and they underwent physi-
cal examination, chest X-ray, electrocar-
diogram (ECG), serological screening
for infectious disease, and urine analysis.
Participation in the study was limited to
those with no evidence of significant
abnormal hematology and serum chem-
istry. Exclusion criteria included any his-
tory of a significant gastrointestinal
condition that could potentially impair
the absorption or disposition of the
study medicine, previous history of aller-
gy to any fluoroquinolone, need for any
chronic medication [eg, theophylline,
antacids, glibenclamide (glyburide),
phenytoin, iron, or vitamins], donation
of blood within 30 days preceding the
first dose of the study, or use of a inves-
tigational agent within 30 days of study
entry. Potential subjects were also
excluded if they use any medication
within 1 day before administration of
the first dose. The volunteers were asked
to abstain from taking any medication
(including nonprescription drugs)
throughout the study; and from smoking
and taking alcohol or caffeine or con-
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Figure 1. Mean plasma concentrations of ciprofloxacin at different time intervals after single oral
administration of 250-mg fablet of Ciproxin and Quinox to 24 healthy male volunteers.

suming xanthene-containing beverages
or food for at least 48 hours prior to, and
throughout, the study. Any incidence of
vomiting or any other adverse events
resulted in the exclusion of the subject
from the study. They were informed
about the risks, benefits, procedures, and
aims of the study, as well as their rights
as research subjects. The study was con-
ducted according to the Declaration of
Helsinki (1964). Each volunteer signed
an informed consent document before
entering the study. Ethical permission
was taken to approve the protocol and
consent form of this study from the
Ethical Review Committee of Pharmacy
Faculty, Dhaka University.

Study Drugs

As described above, the test formulation
was 250-mg tablets of Quinox (batch #
5002); the reference formulation was
250-mg tablets Ciproxin (batch #
1T401DU).

Study Design
Twenty-four volunteers were selected

randomly. All volunteers received single
250-mg film-coated tablet of both for-
mulations, reference formulation (A) or
test formulation (B). Volunteers were
randomly divided into 2 groups consist-
ing of 12 volunteers in each group.
Group 1 received treatment A followed
by treatment B with a 7-day washout
period. This sequence of treatment is
denoted by AB. Group 2 received treat-
ment B followed by treatment A after
the same washout period. This sequence
of treatment is denoted as BA. In the
first period, group 1 received treatment
A and group 2 received treatment B.
The study used a crossover design in the
second period in that group 1 received
treatment B and group 2 received treat-
ment A.'! Each volunteer received the
treatment with 250 mL of water in the
morning after overnight fasting. A stan-
dard lunch was allowed after 4 hours of
dosing. The volunteers were ambulatory
during the study but were prohibited
from strenuous activity. Volunteers were
monitored constantly for the period of
12 hours by a medical doctor.
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Table 2. Mean Pharmacokinetic Parameters of Ciproxin 250-mg Tablet. (A) Reference
Formulation and (B) Quinox 250-mg Tablet (Locally Manufactured Formulation)

(A) Reference Formulation, Ciproxin 250-mg Tablet
Pharmacokinetic Geo-

parameters metric

(no of subjects=24) mean Median  Mean SD CV (%) Max Min
C, . (ng/mL) 1.46 1.47 1.46 0.03 2.34 1.50 1.41
f o (1) 1.18 1.00 1.20 0.27 22.82 1.50 1.00
AUC, , (hr aug/mL) 5.76 5.51 5.79 0.67 11.54 6.98 5.42
AUC,, (hr apg/mL) 6.88 6.48 6.92 0.92 13.34 8.49 6.18
t,, (hr) 4.48 4.42 4.52 0.67 14.73 5.52 3.79
k, (hrt) 0.15 0.16 0.16 0.02 14.02 0.18 0.13
AUMC, ,, (hr2.ug/mL) 23.76 22.54 23.89 2.98 12.46 28.87 21.69
AUMC,, (hr?.ug/mL) 42.62 39.29 43.78 12.36 28.24 65.47  35.75
MRT (hr) 6.34 6.06 6.38 0.79 12.36 7.71 5.79
C,.|AUC,, 0.21 0.22 0.21 0.02 11.30 023 017

C,..= Peak plasma concentration; t = time to reach peak serum concentration; AUC_,,=area under the serum con-

max ‘max_
centration-time curve; AUC_, =the area under the serum concentration-time curve extrapolated to infinity; ¢, ,=serum
elimination half-life; K, =elimination rate constant; AUMC, ,,=area under the first moment versus time curve from =0
to t; AUMC,, = area under the first moment versus time curve from ¢= 0 to ! ; MRT= mean resident time;

SD=standard deviation; CV=coefficient of variation

(B) Test Formulation

Pharmacokinetic Geo-

parameters metric

(no of subjects=24) mean Median  Mean SD CV (%) Max Min
C, o (g/mL) 1.49 1.49 1.49 0.08 5.68 1.62 1.39
t .. (hn) 1.18 1.20 1.00 0.27 22.82 1.50 1.00
AUC, ,, (hr¥ug/mL) 5.81 5.82 5.73 0.38 6.55 6.39 5.46
AUC,, (hr¥pg/mL) 6.81 6.86 6.67 0.93 13.61 8.48 6.18
t,, (hr) 4.85 4.96 4.33 1.19 24.05 6.46 3.90
k, (hr-1) 0.14 0.15 0.16 0.03 22.26 0.18 0.11
AUMC, ,, (hr®¥ug/mL) 28.96 32.85 23.29 21.76 66.25 71.67 21.39
AUMC,, (hr¥pug/mL) 39.65 41.69 36.14 16.13 38.68 69.49 2841
MRT (hr) 6.75 6.88 6.06 1.53 22.28 8.63 5.50
C.. [AUC,, 0.22 0.22 0.22 0.03 15.06 0.26 0.17

C...= peak plasma concentration; t = time to reach peak serum concentration; AUC, ,,=area under the serum con-
centration-time curve; AUC_, =the area under the serum concentration-time curve extrapolated to infinity; t, ,=serum
elimination half-life; K =elimination rate constant; AUMC,_ ,,=area under the first moment versus time curve from t=0
to t; AUMC,, = area under the first moment versus time curve from {=0to ! ; MRT= mean resident time; SD=stan-

dard deviation; CV=coefficient of variation

Blood Sampling elimination half-life (z,,)."*!'® Venous
The timing of blood collection was blood samples were collected before and
planned according to the previously at 0.25,0.50, 0.75,1.00, 1.50, 2, 3,4, 5, 6,
reported value of time to reach peak 8,10, and 12 hours after drug adminis-
serum concentration (7 ) and serum tration. An intravenous cannula was
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Table 3: P-values for Different Pharmacokinetic Parameters of 2 Formulations Calculated by

Paired t-test (No. of subjects=24)

Pharmacokinetic AUC AUC C

0-12 0! max

kel t MRT

12

AUMC_,, AUMC,,

P-values 0.624 0.784 0.460

1.000 0.350 0.270 0.589 0.352 0.850

AUC

0-12

1/2

=area under the serum concentration-time curve; AUC,, =the area under the serum concentration-time curve
extrapolated to infinity; C__ = peak plasma concentration; ¢ = time to reach peak serum concentration; K =elimination
rate constant; t, _=serum elimination half-life; MRT= mean resident time; AUMC

o.1,—area under the first moment versus

time curve from t = 0 to t; AUMC , =area under the first moment versus time curve from t=0to !

placed into the volunteers’ forearm vein
before drug administration and left in
place until the 12-hour blood sample
was collected. The blood samples were
collected in coded, evacuated tubes, kept
30 minutes for clotting, and centrifuged
at room temperature at 2500 rpm for 10
minutes. (Mikro-20, Hettich, Zentri-
fugen, Germany). The serum was collect-
ed in coded Eppendorf tubes and serum
protein was separated by precipitation
with ethanol followed by centrifugation
at 10,000 rpm for 5 minutes. The serum
was collected and stored at -80°C until
analyzed.

Determination of Ciproflo xacin Level
Ciprofloxacin was separated at room
temperature on a 5-um (particle-size), 3
x 50-mm Xterra C ; column with Guard
Pak pre-column module and Nova-Pak
C ¢ 4-um insert (XTerra column, Waters,
Ireland ). The compounds of interest
were detected using a 996 photo-diode
array detector set at 278 nm (Waters
Alliance HPLC Systems, Waters,
Ireland). The mobile phase consists of
0.025 M phosphoric acid buffer (pH
adjusted to 4.0 = 0.01 with 5.0 M sodium
hydroxide) and acetonitrile (80:20 v/v)
and was delivered at a flow rate of 1.0
mL/min. Samples were injected in the
high performance liquid chromatograph-
ic (HPLC) system by an autosampler.
The retention time was 4.2 + 0.013 min-
utes.

The standard curves were linear over
the concentration ranges of 10 to 1000
ng/mL, with a mean correlation coeffi-

cient of 0.9985. The lower limit of quan-
tification (LLOQ) of ciprofloxacin in
the serum was found to be 10 ng/mL. All
the blood samples were analyzed within
1 week of collection. The precision and
accuracy were investigated with quality
control (QC) samples at concentrations
of 10, 50, and 500 ng/mL. (Results are
shown in Table 1.) The intra-day and
inter-day coefficients of variation for 5
QC samples were satisfactory, with rela-
tive standard deviations (RSD) less than
10.87 %. The determined values deviat-
ed from the declared concentration with
a relative error less than 10.03%.

PHARMA COKINETIC ANALYSIS
The following pharmacokinetic parame-
ters were directly calculated by the stan-
dard noncompartmental analysis: (a)

C .and T _ :(b)t , was calculated as
t,,=(In 2)/K , where K | is the apparent
elimination rate constant and K  was
calculated by using the software
WinNonlin (Version 2.1) (Pharsight
Corp, Mountain View, CA);!7 (c) area
under the serum concentration-time
curve (AUC, ,), area under the first
moment curve (AUMC), and mean resi-
dence time (MRT) were calculated from
the measured levels, from time zero to
the time of last quantifiable level, by the
linear trapezoidal rule; (d) area under
the serum concentration-time curve
extrapolated to infinity (AUC,, ) was
calculated according to the following
formula: AUC,, =AUC, + C/K , where
C, is the last quantifiable serum level;
and (e) the rate of absorption was evalu-
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Table 4. P-values for Sources of Variations Obtained from Analysis of Variance (ANOVA)

0-12
tion-time curve extrapolated to infinity; C

max

12

=peak plasma concentration; ¢

Sources of

Variations AUC, ., AUC,, C. oo b oo Kq t, C... /AUC |
Formulations 0.6899 0.8513 0.0921 1.000 0.3151 0.3272 0.5384
Period 0.4648 0.8273 0.0384 1.000 0.8618 0.8844 0.5984
Sequence 0.5327 0.4882 0.3404 0.495 0.7461 0.7461 0.3600
Subjects 0.0960 0.0530 0.0620 0.0912 0.0770 0.0790 0.0970

AUC, ,=area under the serum concentration-time curve; AUC_, =the area under the serum concentra-

=time to reach peak serum

’ “max

concentration; K_=elimination rate constant; t,,=serum elimination half-life

ated by means of the ratio of C__ /AUC,,
Pharmacokinetic parameters were calcu-
lated using Microsoft Excel (Version
2000) (Microsoft Corp, Redmond, WA)

and WinNonlin (Version 2.1).

STATISTICAL ANALYSIS

Let y,, be the observed value of a phar-
macokinetic parameter corresponding to
the subject k in period j of group i. The
following model is assumed for y,:

Yip=H + S+ Pt T +$ dlij-1]

+ 9% (1)
where p is the general mean, S, is the
random effect of subject k in group i, is
the effect of period j, #,; , is the effect of
treatment admlmstered 1n period j of
group i, $,. . is the carryover
(sequence) effect of the treatment
administered in period j-1 of group i
with $ [1,0]=0 and %, is the random
error term. It is assumed that random
terms S, and % follow normal distribu-
tion w1th same mean 0 and variance &
and &, respectively. Carryover effect
can be tested by comparing correspon-
ding mean sum of squares with the
between-subject mean sum of squares
(&), and period of treatment effects are
tested by comparing corresponding
mean squares with the within-subject
mean squares (&).

In our analysis, the log-transformed

value of the pharmacokinetic parame-
ters AUC,, ,, AUC,, Cmax, K,.t,,, and

C . JAUC, are used in Model 1 above.
Model 1 can be fitted by using standard
statistical software. We have used statis-
tical software R (R Development Core
Team. R: A Language and Environment
for Statistical Computing. R Foundation
for Statistical Computing, Vienna,
Austria, 2005) for fitting the model and
drawing inferences about the parame-
ters.!® Besides fitting the model, we also
reported the approximate 90% confi-
dence interval for the difference
between two formulations only for the
pharmacokinetic parameters AUC
AUC,,,C_ ,and C_ /AUC,.

01>

0-12°

RESUIDS
The mean (+ SD) serum concentration-
time profile of the 2 formulations, shown

in Figure 1, was similar and superimpos-
able.

Central and dispersion measures for
all pharmacokinetic parameters for both
formulations are shown in Table 2. From
this, the mean values of C__were found
to be 1.46 (+ 0.032 standard deviations
[SD]) pg/mL for the reference product
and 1.49 (+ 0.0845) pg/mL for the locally
manufactured (test) product. For ¢
(hr), the mean values were found to be
similar for both the reference and local

product and the value was 1.2 ( 0.273)
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Table 5. Large Sample-Based 90% Confidence Intervals (Cl) for Different Pharmacokinetic
Parameters from Log-Transformed and Untransformed Data for Assessment of Bioequivalence

Test (Quinox) /Reference (Ciprox)

Untransformed Log Transformed
Mean Ratio Mean Ratio

Parameters (Test/Reference) 90% ClI (Test/Reference) 90% ClI
AUC_,,

(hr &ug/mL) 103.25% 88.23% 120.84% 100.55% 97.99%  103.18%
AUC,,

(hr &ug/mL) 98.35% 83.90% 115.30% 99.06% 96.47%  101.73%
C,. (ng/mL)  98.02% 95.26% 100.85% 101.81% 99.96%  103.69%
C,.. /AUC, 122.78% 123.83% 124.89% 102.77% 99.13%  106.54%

AUC,,,

=area under the serum concentration-time curve; AUC
extrapolated to infinity; C __ = peak plasma concentration; Cl=confidence interval

=the area under the serum concentration-time curve

hr. The mean values of AUC, ,, were
found to be 5.79 (x 0.67) pg.hr/mL for
reference and 5.82 (+ 0.38) yug.hr/mL for
local product. AUC is important in
determining the bioavailability and bioe-
quivalence of a drug product. The values
of AUC, ,, for all volunteers were found
to be greater than 80% of AUC, The
mean AUC, values were found to be
6.92 (= 0. 92) pg/hr/mL and 6.858 (=
0.932) pg.hr/mL for the reference and
locally manufactured product, respec-
tively. Other pharmacokinetic parame-
ters such as ¢, k, AUMC,,, AUMC_,

1/2, 0-12,
and MRT were also determined.

Table 3 shows that the change in
C, AUC, , and AUC | was found to

be insignificant (P>0. 1)

Table 4 shows the analysis of vari-
ance (ANOVA) for Model 1. As it
shows, after controlling the effects of
period, sequence, and subject there is no
significant difference between the 2 for-
mulations for all the pharmacokinetic
parameters we considered other than
C .. Period effects were found to be
insignificant for all the parameters
except C_ . The insignificant sequence
effects indicate no carryover effect of the
2 formulations. Subject variations are
found to be significant at a 10% level.

Table 5 shows the 90% confidence

intervals of the ratios (test/reference)
between the 2 formulations regarding
AUC, ,,AUC,,,C_ and C_ /AUC,.
DISCUSSION

Assessment of bioequivalence of local
product to reference product is required
to exclude any clinically important dif-
ferences in the rate or extent at which
the active entity of the drugs becomes
available at the site of action. Two drugs
are considered to be bioequivalent if
they are pharmaceutically equivalent
and their bioavailability is so similar that
they are unlikely to produce clinically
relevant differences in regard to safety
and efficacy."

The aim of this study was to compare
the bioavailability of 2 formulations of
ciprofloxacin 250-mg tablets, a locally
manufactured (test) formulation,
Quinox, and a reference formulation,
Ciproxin. The study revealed that at a
90% confidence interval (Table 5)
AUC,,,,AUC,,,and C___ were found to
be 97 99% and 103. 18% '96.47% and
101.73%; and 99.96% and 103.69%,
respectively, from log-transformed data,
and all values are within the bioequiva-
lence accepted range of 80%-125% .22
Moreover, a further evaluation of the
rate of absorption was performed by
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analyzing the C_ /AUC, ,since this

parameter has been proposed to better
reflect the absorption rate.”? The 90%
confidence intervals for this parameter
also indicated bioequivalence.

In conclusion, the two formulations
can be considered bioequivalent in
regard to the extent and rate of absorp-
tion and therefore interchangeable.
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