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This study was performed to investigate the bioequivalence of two brands of ofloxacin,
namely, Jedcoflacin® 200 mg/tablet (from Jedco International Pharmaceuticals CO.,
Egypt, as a generic test product ‘A’) relative to Tarivid® 200 mg/tablet (from Aventis
Pharma Deutschland GmbH, Germany, as a reference product ‘B’) after a single dose oral
administration of 400 mg (2x200 mg) to 24 healthy adult volunteers under fasting
conditions, for the purpose of registration, approval, and marketing stage. The bio-analysis
of clinical plasma samples was accomplished by a HPLC method for the determination of
plasma ofloxacin concentrations. Pharmacokinetic parameters, determined by standard
non-compartmental methods, and analysis of variance (ANOVA) statistics were calculated
using statistical analysis system (SAS) software. The parametric 90% Confidence intervals
(CIs) of the least squares mean test/reference ratios were found to be within the
confidence limits of 80.00-125.00% for AUC_ 39, AUCy,, and Cp.y, i.6. 87.10% to
101.95%, 87.49% to 102.19%, and 91.71% to 105.30%, respectively. This single-dose
study demonstrated that the test product (A) was found bioequivalent to the reference
product (B) following an oral dose of 2x200 mg/ tablet, as per predetermined regulatory
criteria for bioequivalence, in the 24 fasting healthy volunteers. Therefore, the two
formulations were considered to be bioequivalent.
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1. Introduction

Bioequivalence studies of generic and innovator products are a routine regulatory practice
to obtain approval for registration for marketing of generic products. Ofloxacin is a synthetic
broad-spectrum antimicrobial agent for oral administration [1-4]. Chemically, ofloxacin (Figure 1),
is a fluorinated carboxyquinolone, namely, (%)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-
piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid and is marketed as a
racemic mixture. The empirical formula of ofloxacin C;sH,)FN;04, and its molecular weight is
361.4 [5]. The mechanism of action of ofloxacin and other fluoroquinolone antimicrobials
involves inhibition of bacterial topoiso-merase IV and DNA gyrase (both of which are type II
topoisomerases), enzymes required for DNA replication, transcription, repair and recombination
[5-71.
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Fig. 1: Chemical structure of ofloxacin

Following its oral administration, bioavailability —of ofloxacin in the tablet
formulation is approximately 98% [2, 8]. Maximum serum concentrations are achieved 1-2 hours
after an oral dose [9]. Absorption of ofloxacin after single or multiple doses of 200 to 400 mg is
predictable, and the amount of drug absorbed increases proportionately with the dose [10].
Following multiple oral doses at steady-state administration, the half-lives are approximately 4-5
hours and 20-25 hours. However, the longer half-life represents less than 5% of the total AUC.
Accumulation at steady-state can be estimated using a half-life (t;,) of 9 hours. The total clearance
and volume of distribution are approximately similar after single or multiple doses. Both single
dose and steady-state plasma profiles of ofloxacin injection were comparable in extent of
exposure to those of ofloxacin tablets when the injectable and tablet formulations of ofloxacin
were administered in equal doses (mg/mg) to the same group of volunteers. Food alters the onset
and/or rate of ofloxacin absorption, but not the extent of absorption or the elimination rate
following oral administration. Thus, food reduces peak ofloxacin concentrations (Cy.x) by 20%
compared to fasting conditions. However, the extent of absorption and the half-life of ofloxacin
were the same after each treatment [11]. In the current study, the bioequivalence (or rate and
extent of absorption) of a single dose of ofloxacin 400 mg (2 X200 mg/tablet) of Jedco, Egypt
(Jedcoflacin® 200 mg/tablet), as a generic formulation, and of Aventis Pharma, Germany (Tarivid”
200 mg/tablet), as the reference one, were compared under fasting conditions. Bioequivalence of
the two products was assessed based on the plasma concentration data obtained following their
administration to 24 healthy adult volunteers in a balanced single center, open-label, randomized,
single-dose study with two-way crossover design, to compare the bioequivalence of ofloxacin
tablets between two products.

2. Experimental

2.1 Subjects

Twenty-four healthy male adult volunteers participated in the study. The mean age (+ SD)
of the volunteers was 35.46 + 5.48 years, with a range of 28 - 45 years, mean body weight was
76.25 + 3.88 kg with a range of 70 - 80 kg, and mean height was 174.04 + 6.99 cm with a range of
163 - 185 cm. On the basis of medical history, clinical examination and laboratory investigation
(hematology, blood biochemistry and urine analysis), no subject had a history or evidence of
hepatic, renal, gastrointestinal or hematologic deviations or any acute or chronic diseases or
allergy to ofloxacin or any fluoroquinolone antibiotics. The volunteers were asked to abstain from
taking any drug including over-the-counter (OTC) for two weeks prior to and during the study.
The volunteers were informed about the risk and aim of the study by the clinical investigator and
signed a written informed consent statement before entering the study. The volunteers were free to
withdraw from the study at any time. The study protocol was approved by the ethics committee of
the College of Pharmacy and the Institutional Review Board (IRB) of King Khalid University
Hospital, King Saud University, Riyadh, Saudi Arabia
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2.2 ldentity of Study Medications

Test product (A) Jedcoflacin® tablets (200 mg ofloxacin/tablet); Batch No. 1605081114,
manufactured by Jedco International Pharmaceuticals Co., Egypt, and the Reference product (B)
Tarivid® tablets (200 mg ofloxacin/tablet); Batch No. 40N691, manufactured by Avetis Pharma
Deutschland GmbH, Germany.

2.3 Study Design

Bioequivalence evaluation is usually carried out in vivo by comparing the rate and extent
of drug absorption of the test and reference formulations in healthy volunteers. In a standard in
vivo bioequivalence study design, study volunteers received test and reference products on
separate occasions, in single dose, with random assignment to the two possible sequences of
product administration. Samples of plasma were analyzed for drug concentrations, and
pharmacokinetic parameters were obtained from the resulting concentration-time curves. These
pharmacokinetic parameters were then analyzed statistically to determine if the test and reference
products yielded comparable values. Standard statistical methodology based on the two one-sided
T-tests procedure to determine whether average values for pharmacokinetic parameters measured
after administration of the test and reference products are comparable. This procedure involves the
calculation of a 90% confidence interval for the ratio between pharmacokinetic variable averages
of the test and reference products. The limits of the observed confidence intervals were within the
pre-determined range for the ratio of the product averages. The determination of the confidence
interval range and the statistical level of significance were based on the parametric theory.
Standard non-compartmental procedure was employed for the analysis of pharmacokinetic data
derived from in vivo bioequivalence studies. Analysis of variance (ANOVA) was performed on the
pharmacokinetic parameters to assess the effect of variables (volunteers, sequence, period and
formulation) on the study outcome. On the basis of these considerations, a single-dose, two-
treatment, two-period, two-sequence crossover bioequivalence study on healthy normal volunteers
was adopted as described in the study protocol.

2.4 Collection and Handling of Blood Samples for Analysis

The administration of the two products to the volunteers was carried out by means of a
two-way crossover design with a 1-week washout period. Volunteers were randomly divided into
2 equal groups and assigned to 1 of the 2 sequences of administration. In the morning of study day
1 of each study period and before drugs administration, a cannula was inserted into the subject’s
forearm vein and remained there until the 16-hour blood sample was collected. The volunteers
were returned to the clinical site the next day for the 24- and 30-hour blood samples. Each subject
received a single oral dose of (2x200 mg/tablet) of either brand with 240 ml of water after
overnight fast for at least 10 hours. Volunteers were allowed to eat a standard meal 4 hours after
drug administration. Beverages and food containing caffeine were not permitted over the entire
course of the study. Volunteers were ambulatory during the study, but strenuous activity was
prohibited. The volume of blood taken for determination of ofloxacin in plasma was 8 ml per
sample. The following blood samples for the analysis of ofloxacin in plasma were collected at (-
0.50 hour) and at 0.33, 0.67, 1.00, 1.33, 1.67, 2.00, 2.50, 3.00, 3.50, 4.00, 5.00, 6.00, 8.00, 10.00,
12.00, 14.00, 16.00, 24.00, and 30.00 hours after drugs administration. The number of blood
collections for drug analysis was 20 samples in each study period. Blood samples were collected,
protected from light, into evacuated glass tubes containing heparin as an anticoagulant
(heparinized vacutainers, Beckton and Dickinson, Rutherford, NJ, USA) through the indwelling
cannula placed in the subject’s forearm veins, slightly shaken and immediately centrifuged at
approximately 3500 r.p.m for 5 minutes. After centrifugation, plasma samples were transferred
directly into two labeled 5 ml-plastic tubes protected from light. These samples were immediately
stored in a freezer at a nominal temperature of —70°C pending analysis. For each volunteer, the
total amount of blood loss during the whole study (including blood for laboratory tests) did not
exceed 320 ml.
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2.5. Analysis of plasma samples

The procedure involves protein precipitation via ultrafiltration of the spiked plasma
sample and injecting the clear ultrafiltrate into the chromatographic system. Chromatographic
separation was performed on a Waters-Alliance 2695 liquid chromatography system (Waters
Associates, USA) consisting of a binary pump, an autosampler, a column oven and a Waters 2475
Multi A Fluorescence Detector. The chromatographic system and peak data handling was managed
by Empower software package version 4.0. After extensive various preliminary experimental trials
optimum chromatographic conditions were achieved. Ofloxacin and acebutolol, as the internal
standard (IS), were eluted on a Symmetry C18 (3.9X 150 mm), 5 um particle size HPLC column,
protected by a sentry guard column, Symmetry RP C18 (3.9X20) mm, 5 pm particle size HPLC
column, column temperature was kept constant at 25 £ 2 °C. The mobile phase consisted of 19%
Acetonitril in (0.1% Trifluoroacetic acid containing 1 ml triethylamine per one liter of water). The
solvents were filtered prior to use, under vacuum, using 0.22-pm and 0.45-pm membrane filters
(Millipore, Milford, MA), respectively. An injection volume of 10 pL with a flow-rate of 1.0
mL.min" was used for separation of ofloxacin and internal standard with fluorescence detector
operated at an excitation and emission wavelengths of 320 and 485 nm, respectively. Retention
times of 4 and 6 minutes for ofloxacin and IS, respectively. Fluorescence detector was chosen as it
provides high sensitive detection and selectivity for ofloxacin. The first step was to determine a
combined excitation and emission wavelengths for both drug and IS.

2.6 Pharmacokinetic analysis

The pharmacokinetic parameters of ofloxacin were estimated using standard non-
compartmental methods. The analysis procedure followed the scaled bioequivalence limits
imposed by the FDA [12]. All parameters were determined from the true (actual) sample collection
times and assayed plasma concentrations at these times. The maximal plasma concentration (C.x)
and the time to peak plasma concentration (T..x) of ofloxacin were taken directly from the
measured data. The area under the plasma concentration-time curve (AUC,_30) was calculated
from measured data points from time of administration to time of last quantifiable concentration
(Cst) by the linear trapezoidal rule. The area under the plasma concentration-time curve
extrapolated to infinity (AUC_,.) was calculated according to the following formula:

AUC()%OO = AUCO%30 + Clast / [LH (2) / Tl/z]
Where, C,, is the last quantifiable concentration. The ratio AUC,_,39 / AUCy_, as a percent, was
determined as an indicator for the adequacy of sampling time. The elimination half-life (T,,) was
calculated as:
Ty, =Ln (2)/(-b)

Where, b was obtained as the slope of the linear regression of the Ln-transformed plasma
concentrations versus time in the terminal period of the plasma curve. At least 3 non-zero plasma
concentration-time points were used in the calculation. The extent of absorption is determined by
AUC_tand AUC_,.. The rate of absorption is determined by C,,. For the parametric analysis of
bioequivalence for Ln-transformed data, the acceptance boundaries were set at 80.00-125.00% for
AUCOH30, AUCOAOO and Cmax-

2.7 Statistical analysis

Statistical analyses were performed by the two-way analysis of variance (ANOVA) for
crossover design at an alpha = 0.05 using the general linear modeling (GLM) procedure of the
statistical analysis system (SAS) software (SAS Institute, Inc., Cary, NC, USA). The model
contained the main effects of subject within sequence, period and formulations. Sequence effects
were tested against the mean square term for volunteers within sequence. All other main effects
were tested against the mean square error term. The pharmacokinetic parameters: AUC_;30,
AUCo50, Chaxs Tmaxs Ko and T,, were analyzed assuming multiplicative model. Drug
concentrations at each sampling time point were also analyzed statistically using analysis of
variance. Bioequivalence of the two formulations were assessed by calculating the 90% confidence
intervals based on the ANOVA (parametric) of the mean Test/Reference ratios of AUC, 30,
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AUCj, and Cp.x using log-transformed data. In addition, bioequivalence between the two
formulations was also assessed by Schuirmann's two one-sided t-tests procedure [13]. Ofloxacin is
a drug with an intermediate to low intra-subject variability (ANOVA—CV of C. and AUC <
20%). The method of Hauschke et al. [14] for sample size determination for bioequivalence
assessment using multiplicative model was used.

3. Results

During this study, 25 volunteers were screened, and 24 volunteers completed both periods
of the study and were discharged in good health. The two formulations were well-tolerated in all
24 volunteers, unexpected incidents that could have influenced the outcome of the study did not
occur. Both of the formulations of ofloxacin were readily absorbed from the gastrointestinal tract
of the volunteers. Ofloxacin was measurable at the first sampling time (0.33 h) in most volunteers
following the administration of the test and reference formulations.

3.1. Analysis of plasma samples

Validation of the analytical method including, linearity, recovery, specificity, stability,
precision and accuracy was previously reported [15]. The validation procedure followed the FDA
international guidelines [16]. Standard curves for the analyte in plasma were generated daily and
were linear (r? of 0.9980) in the range of 25-4500 ng/ml over the entire period of the study.
Quantization was achieved by measurement of the peak area ratio of the drug to the internal
standard, and the limit of quantification for ofloxacin in plasma was 25 ng/ml. A typical
chromatogram for ofloxacin and IS (acebutolol) is shown in Figure 2. The intra-day accuracy of
the method for ofloxacin ranged from 93.5- 110.3%, while the intra-day precision ranged from
5.51 - 8.46%. The inter-day accuracy ranged from 96.5- 111.9%, while the inter-day precision
ranged from 5.76 - 6.60%. The absolute analytical recovery of ofloxacin was 88.6% and for the
internal standard (acebutolol) was 89.2%. The relative analytical recovery of ofloxacin ranged
from 100.4 - 101.4%. Stability study showed that ofloxacin is stable in plasma for 6 hours at room
temperature and for more than 4 months when stored at -70 °C. Ofloxacin is stable for 4 cycles of
freeze and thaw in 28 days, when stored at -70 °C and thawed at room temperature. The stock
solutions of ofloxacin and the internal standard are stable at room temperature for 6 hours and at -
70 °C for 26 days. The mean plasma concentration time curves for the two brands are

demonstrated in Figure 3.
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Figure 2: HPLC chromatogram showing human plasma sample containing ofloxacin
1750.0 ng/ml and internal standard (acebutolol) 71.4 wg/ml.
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Fig. 3. Mean plasma concentration-time profiles of ofloxacin (ng/ml) after oral
administration of (2x200 mg/tablet) of the two brands to 24 healthy volunteers.

The relative bioavailability of the generic formulation was found to be 94.23%, 94.56%
and 98.27% based on AUCj.3, AUCy,, and C., respectively. Nineteen ANOVAs were
performed to compare ofloxacin plasma concentration produced by the two formulations at each
sampling time. Those concentrations were statistically higher following administration of
Jedcoflacin® relative to Tarivid® at 0.33, 0.67 and 1.00 hours. There was no statistical difference
between the two formulations at the sixteen remaining time points.

Table 1 shows the geometric mean values and the range for the above parameters
(AUC-30, AUCq 500, Cpnax, and AUCy,30/ AUCy,0) along with K, and t;,. Table 2 shows the
parametric 90% confidence intervals of the mean values of the pharmacokinetic parameters:
AUC30, AUC) 500, Ciniax, and AUC,30/ AUC_,, respectively, as well as the point estimates for
test/reference ratio assuming multiplicative models (using log-transformed data).

Table 1: Mean Pharmacokinetics Parameters of Ofloxacin 400 mg (Jedcoflacin® ofloxacin Tarivid®
tablets) following their administration to 24 volunteers.

o Treatment (Mean £ SD)
PTELTTEEENETS PRy Test Product Reference Product

Cinax (ng/mL) 4107.31 £1170.88 4128.20 £908.16
AUC,_,; (ng.hr/mL) 29880 + 6167 31400 + 4889
AUC_,. (ng.hr/mL) 31297 + 6540 32753 + 5006
Tinax (h) 1.38 £0.59 1.48 +£0.53

Kq (1/h) 0.104 £0.011 0.110+0.010
T, (h) 6.716 £0.724 6.363 +0.540

AUC 30 / AUCy % 0.96 £ 0.01 0.96 £ 0.01
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Table 2: Bioequivalence confidence intervals of ofloxacin formulations (Jedcoflacin® versus Tarivid®
tablets) following their oral administration to 24 healthy volunteers

Pharmacokinetic 90% Confidence Intervals
Parameter A/B Point estimate % Lower limit % Upper Limit %
Crnax 98.27 91.71 105.30
AUC 94.23 87.10 101.95
AUCy,» 94.56 87.49 102.19

4. Discussion

Table 2 demonstrated that the confidence limits for the mean AUCy_30, AUC) 00, Cnaxs
and AUCy_,30/ AUCy_,, indicate that these values are entirely within the bioequivalence acceptable
boundaries of 80-125% for AUC_39, AUCy,. and C.. There was no statistical difference
between the two formulations at the nineteen time points. It can be seen that the mean plasma
concentration-time profiles from brand A and B are almost superimposable. The parameters used
to measure bioavailability were AUC,_,3p and AUC_,,, and C,,,x for the extent of absorption, and
Tmax, and Cp.x for the absorption rate and they were calculated in a model independent manner.
The pharmacokinetic characteristic Tp.x 1S presented as mean (£ SD). Results of the ANOVA of
the bioavailability data showed that there were no significant differences between the two
formulations on all of the pharmacokinetic parameters. Furthermore, periods and sequence effects
did not influence the outcome of the statistical analysis. The intra-individual variations in the
pharmacokinetic parameters - AUCj_39, AUCo_s, and Cp, estimated from the coefficients of
variation (CV %) as determined by ANOVA- were, 15.98%, 15.76%, and 14.10%, respectively.
The assessment of bioequivalence between the two formulations were carried out according to the
statistical tests procedures (90% CI and the two one-sided T-tests procedure) currently
recommended by the FDA and EMEA. Selecting the most variable metric (Cy.) and mean
(Test/Reference) ratio = 0.98, the required sample size was determined to be 16 volunteers. Data
values shown in that the confidence limits for the mean AUC(_,30, AUC(_ 00, Cmax, and AUC_;30/
AUC,_,, are entirely within the bioequivalence acceptable boundaries of 80-125% for AUC,_,30,
AUCy 0, and Cay.

5. Conclusion

In conclusion, based on the statistical results of this study, the test product, Jedcoflacin®
tablets

(200 mg ofloxacin/tablet) of Jedco International Pharmaceuticals Co., Egypt, investigated
in this study was shown to be bioequivalent with the reference product, Tarivid” tablets (200 mg
ofloxacin/tablet) of Aventis Pharma, Germany, following an oral dose of 400 mg (2x200 mg
ofloxacin/tablet). Plasma levels may be used as surrogate parameters for clinical activity.
Therefore, the data obtained in this study prove, by appropriate statistical methods, the essential
similarity of plasma levels of ofloxacin from the test product Jedcoflacin® tablets (200 mg
ofloxacin/tablet and from the reference product Tarivid® tablets (200 mg ofloxacin/tablet)
suggesting equal clinical efficacy of these two products.

Acknowledgment

The authors extend their appreciation to the Deanship of Scientific Research at King Saud
University for funding this work through research group No. RGP-VPP-196.



246
References

[1] S.C. Sweetman. Martindale, The Complete Drug Reference, 32" Edition. Pharmaceutical
Press, London, 233 (1999).
[2] W.E. Jr. Sanders. Oral ofloxacin: a critical review of the new drug application. Clin. Infect.
Dis. 14, 539-554 (1992).
[3] V.F. Samanidou, E.A. Christodoulou, and I.N. Papadoyannis. Recent Advances in Analytical
Techniques used for the Determination of Fluoroquinolones in Pharmaceuticals and Samples
of Biological Origin — A Review Article. Curr.Pharm.Anal. 1, 155-193 (2005).
[4] W.M. Scheld. Maintaining fluoroquinolone class efficacy: Review of influencing factors.
Emerg. Infect. Dis. 9, 1-9 (2003).
[5] The Merck Index, 14™ edition, Maryadale J. O’Neil (ed.), Merck & Co. Inc., Whitehouse
Station, New York, U.S.A. 1170. (2006).
[6] D. C. Hooper. Bacterial topoisomerases, anti-topoisomerases, and anti-topoisomerase
resistance. Clin. Infect. Dis. 27, (Suppl. 1): S54-S63 (1998).
[7] K. C. Lamp, E. M. Bailey, M. J. Rybak. Ofloxacin clinical pharmacokinetics. Clin.
Pharmacokinet. 22, 32-46 (1992).
[8] H. Lode, G. Hoffken, P. Olschewski, et al. Pharmacokinetics of Ofloxacin after parenteral and
oral administration. Antimicrob. Agents and Chemother. 31, 1338-1342 (1987).
[9] S.C. Flor, M.C. Rogge, and A.T. Chow. Bioequivalence of oral intravenous ofloxacin after
multiple-dose administration to healthy male volunteers. Antimicrob. Agents and Chemother.
37, 1468-1472 (1993).

[10] C. Immanuel, A. K. Hemanthkumar, P. Gurumurthy, P. Venkatesan, “Dose related
pharmacokinetics of ofloxacin in healthy volunteers”. Int. J. Tuberc. Lung Dis.,
6, 1017-1022 (2002).

[11] M. N. Dudley, C. R. Marchbanks, S. C. Flor and B. Beals: ‘The effect of food or milk on the
absorption kinetics of ofloxacin’. Eur. J. Clin. Pharmacol. 41, 569-571(1991).

[12] Food and Drug Administration (FDA). Bioavailability and Bioequivalence Studies for Orally
Administered Drug Products. General Considerations, Center for Drug Evaluation and
Research (CDER), Rockville, MD, USA. 1-21 (2003).

[13] D.J. Schuirmann. A comparison of the two-one sided tests procedure and the power for
assessing the equivalence of average bioavailability. J. Pharmacokinet. Biopharm.

15, 657-680 (1987).

[14] D. Hauschke, V. W. Steinijans, E. Diletti, K. M. Burke. Sample size determination for
bioequivalence assessment using a multiplicative model. J. Pharmacokinet. Biopharm.
20, 557 - 561 (1992).

[15] B. Al-Hadiya, High-Performance Liquid Chromatographic Method for Determination of
Ofloxacin in Human Plasma and its Pharmacokinetic Application. Mansoura Journal of
Pharmaceutical Sciences. 26, 1-9 (2010).

[16] Food and Drug Administration (FDA), Guidance for Industry: Bioanalytical Method

Validation, Centre for Drug Evaluation and Research (CDER), Rockville, MD, USA,
1-22 (2001).



