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Bioequivalence Determination of Two 
Ofloxacin ( 400 mg) Tablets Manufactured in 
Turkey and in Germany 

Francisco HARRISON*, M.Vedat EGİLMEZ**', Stephan de la MOTIE*, David EIERMAN* 

Bioequivalence determiııation oftwo ojloxacin (400 mg) tablets 
maııufactured i11 Turkey and in Gennaııy 

Summary : This stııdy was conducted as a single dose, 
open-label, randonıised, two-period cross-over study in or
der ta determine the bioequivalence of Oflocide® 400mg fart 
tablet (Abdi fbrahim ilaç San. ve Tic. A.Ş., lstanbul !Turkey) 
as compared to TarivitfID 400mg tablet (Hoechst Marion 
Roussel, Bad Saden am Ts,Germany). The study was con
ducted at the Harrison Clinical Research GmbH, Munich 
Germany during 2000. The study included 16 healthy vol
ıınteers and there was a wash-out period of 14 days between 
the phases. Blood samples were collected at t=O and at 0.33, 
0.66, l, 1.33, 1.66, 2, 2.5, 3.5, 6, 9, 14, 24, 31, 38 and 48 
hours. The ofloxacin concentration in plasma was analysed 
by HPLC. Mean pharmacokinetic paranıeters Jor test and 
re/erence drugs were Cmax 6,00 and 5,86 (µglmL), AUCıası 
32,90 and 32,90 (µg*hlmL), AUC;~r34,20 and 34,20 (µg*hl 
nıL), tmax 1,13 and 1,00 (h), tı12 5,69 aıul 6,40 (h), re
spectively. Primary variables tested were Cmax 102 o/o (90-
117 %), AUCıa.>t 100 % (96-104 %) and AUC;0 r 100 % (96 -
105 %) within a confidence interval of 90 %. Both test and 
reference drugs were well tolerated and the test product was 
found bioequivalent to the re/erence product. 
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INTRODUCTION 

Ofloxacin is chemically (±) - 9 - fluoro - 2,3 - dihydro -

3 - methyl - 10 - (4 - methyl - 1 - piperazinyl) - 7 - oxo 

- 7H - pyrido [l,2,3 - de] - 1,4 · benzoxazine - 6 - car

boxylic acid and its empirical fonnula is 

CısHzofN304. Being an antimicrobial agent with 

broad spectrum activity derived from a functional 

fluoroquinolone group, ofloxacin exerts its bac-

Türkiye'de ve Almanya'da üretilmiş olan iki ofloksasin 
tabletin (400mg) biyoeşdeğerliklerinin saptanması 

Özet : Bu çalışma Oflocide® 400mg fort tabletin (Abdi ib

rahinı ilaç San ve Tic A.Ş., istanbul/ Türkiye) Tarivid® 400 
mg tablete ( Hoechst Marion Roussel, Bad Soden am Ts, Al
manya) kıyasla biyoeşdeğerliğinin belirlenmesi amacıyla tek 
doz, açık, randomize, çift zamanlı çapraz olarak yü
rütülmüştür. Çalışma 2000 yılında Almanya Münih'de Har
rison Clinical Research GmbH'de yapılmıştır. Çalışmaya 
16 gönüllü dahil edilmiş ve fazlar arasında 14 günlük te
mizlenme süresi bırakılnuştır. Kan örnekleri t=O anında ve 
0.33, 0.66, 1, 1.33, 1.66, 2, 2.5, 3.5, 6, 9, 14, 24, 31, 38 ve 
48.saatlerde alınmıştır. Plazma ojloksasin konsantrasyonu 
HPLC ile incelenmiştir. Test ve referans ilaçlar için or
talama fannakokinetik parametreler sırasıyla Cmaks 6,00 ve 
5,86 (µg!mL), AUC.,00 32,90 ve 32,90 (µg*hlmL), AUC;nf 
34,20ve 34,20 (µg*h/mL), tmaks 1,13ve1,00 (h), t112 5,69 ve 
6,40 (h) olmuştur. Test edilen primer değişkenler %90 
güven aralığında Cmaks %102 (% 90-117), AUC,,,,, % 100 
(% 96-104) ve AUC;n[ %100 (% 96-105) değerlerindedir. 
Gerek test gerekse rejerans ürünler iyi tolere edilmiş olup, 
test edilen ürün referans ürün ile biyoeşdeğer bulunmuştur. 
Anahtar kelimeler: ofloksasin, biyoeşdeğerlik, HPLC, 

AUC, Cmak.~· tmak.r• t112 

tericidal activity by inhibiting DNA-girase of sen

sitive pathogens similar to other quinolones1·3. Oflox

acin is therefore active against many gram ( +) and 

gram (-) aerobic and anaerobic bacteria. 

Absolute bioavailability of ofloxacin tablet forınula

tions is in general approximately 98 % after oral in

take with maximal serum concentration reached 

within 1-2 hours. The drug quantity absorbed after 
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single or mulliple dose administration of 200 and 400 

mg shows a proportional increase in a dose de

pendent manner. 

Ofloxacin half-life is approximately 8 hours. Fol

lowing therapeutic dose administration, cervical, pul

monary, ovarian, prostatic fluid and tissue, skin and 

saliva concentrations of ofloxacin are 0,8 - 1,5 fold 

higher !han plasma concentrations. Its elimination is 

mainly via the kidneys. 65 - 80 % of the dose ad-· 

ministered is elimina ted from the kidneys in an un

changed form within 48 hours. Less !han 5 % is 

found in the mine as desmethyl or N-oxide me

tabolites. 4 - 8 % and is eliminated via the feces. 

MATERIAI.S AND METIIOD 

Volunteer selection 

16 healthy caucasian volunteers (11 females and 5 

males) were included in the study. Volunteer age 

was 20-39 (mean, 29) height 163 - 189 cm (mean, 172 

cm) and weight 55 - 85 kg (mean 65 kg). The dem

ographics of the volunteers are shown in Table 1. 

Inclusion criteria 

Healthy, male or female volunteers between 18 to 45 

years of age, with a body weight in the range of 50 -

Table 1. Demographic data 

Sequence Subjects Age(year) Sex 

T-R 1 20 Fernale 

4 39 Male 

6 29 Male 

8 30 Fernale 

9 35 Female 

12 35 Female 

14 23 Fernale 

15 24 Male 

R-T 2 23 Fernale 

3 20 Fernale 

5 38 Male 

7 38 Female 

10 24 Fernale 

11 23 Fernale 

13 35 Fernale 

16 24 Male 
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110 kg (no deviation greater !han 20 % according to 

Broca index), blood pressure and heart rate within 

normal !imits in a sitting position with no ECG ab

normality, without any systemic disease past or 

present were included in the study. Females were re

quired to practice reliable contraception from 3 

weeks before the start of the study until 3 weeks fol

lowing the termination of the study. 

Exclusion criteria 

Volunteers were excluded frorn the study for the fol

lowing reasons: history of hypersensitivity to oflox

acin or related drugs; hepatitis, gall-bladder or liver 

diseases; patients with diseases which could interfere 

with the pharmacokinetic pararneters of the drugs; 

receipt of medical therapy including OTC drugs 

within 2 weeks before the initial period; participation 

in another clinical trial 4 weeks before the study; 

blood loss of 450 rnL or rnore within 1 rnonth prior to 

the study; regular srnokers (> 10 dgarettes/ day); 

rnore than 3 cups of caffeine containing beverages 

daily; alcohol or drug abuse; HIV-seropositive or clin

ical/laboratory finding of Hepatitis B and C; preg

nancy or breast-feeding. 

Study protocol 

Study protocol and arnendments were approved by 

Height(cm) Weight(kg) Ethnic group 

167 60.0 caucasian 

181 72.0 caucasian 

181 85.0 caucasian 

163 55.0 caucasian 

167 56.0 caucasian 

165 60.0 caucasian 

167 57.0 caucasian 

170 65.0 caucasian 

165 57.0 caucasian 

174 59.0 caucasian 

174 72.0 caucasian 

167 70.0 caucasian 

173 61.0 caucasian 

179 63.5 caucasian 

175 65.0 caucasian 

189 83.0 caucasian 
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the Independent Ethics Committee of the Bayerische 
Landesarztekammer, and the German Federal Au
thority (Bundesinstitut für Arzneimittel und Med
izinprodukte) and the loca! authority (Regierung von 
Oberbayem) were informed according to law. 

Test medicines 

Both test (!ot no. of 01,00,001 manufactured by Abdi 
İbrahim İlaç Sanayi) and reference (!ot no. of 40U609, 
manufactured by Hoechst Marion Roussel) products 
were tested physically and chemically (appearance, 
tablet weight, disintegration, ofloxacin identification 
and assay, dissolution profiles, ete) before starting the 
clinical trial and both were found to be appropriate4. 

Dosage 

Volunteers were admitted to the clinic on the evening 
prior to treatment in each test period. After fasting 
through one night (approx. 8 hours), the test or refer
ence drug conlaining ofloxacin 400 mg was ad
ministered by mouth with 250 mL water in the phase 
l clinic. After intake, a mouth check was made to con
firın that the tablet was ingested. 

After the dose administration, volunteers remained 
in bed for 4 hours and fasted. At the end of this 4 
hours, ali volunteers received 250 mL 'water and 
were served a standardised meal. 

Blood samples 

For the deterrrrination of plasma ofloxacin !eve!, 16 
blood samples (9 mL of each) were laken from each 
volunteer. Blood samples were taken in disposable 
syringes containing lithium - heparin. 

Blood samples were laken at the following times: 

t=O Gust before the dosage administration) and at 
0.33h, 0.66h, lh, l.33h, l.66h, 2.00h, 2.50h, 3.50h, 6.00h, 
9.00h,14.00h, 24.00h, 31.00h, 38.00h and 48.00h post
dosage. 

HPLCassay 

Plasma ofloxacin deterrrrination was done by the 
HPLC-UV method according to the published lit
erature5-7. The limit of quantitation (LOQ) was 100 
ng/mL and ali samples laken before dose administra
tion (t=O) were below the LOQ whereas in ali samples 
laken after administration the measured ofloxacin 
plasma concentrations were above the LOQ, with the 
exception of nine samples taken at t=0.33 h and 77 ad
ditional sarnples at 1=24, 31, 38 or 48 h. 

Results 

The mean ofloxacin plasma concentrations versus 
time curves of both products are illustrated in Figure 
1. Ali pha,rınacokinetic parameters for both products 
are presented in Table 2. The summary of statistical 
results are presented in Table 3. 

1216:a)24283236«14440 

timefh] 

logarithmic y scale 

·~ lij 

lime[h] 

hrunediately after the collection of blood samples, these 
samples were cenlrifuged for 10 rrrinutes at 3000 rpm. 
Plasma supernatants were divided into two equal al- Figure 1. Ofloxacin plasma concentrations, mean ±SEM, n=16 

iquots and stored at-20°C in absolute darkness. 
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Table 2. Main pharmacokinetic paramelers of botlı products 

cmax 'max 1112 AUCıası AUClinı AUCexı 

(µg/mL) (h) (h) (µg*h/mL) (µg*h/mL) (%) 

mean R 5.86 1.00 6.40 32.9 34.20 3.90 

T 6.00 1.13 5.69 32.9 34.20 3.90 

geo.mean R 5.67 0.93 6.10 32.l 33.40 3.70 

T 5.81 1.04 5.51 32.l 33.40 3.70 

median R 5.48 0.84 6.49 31.8 33.40 3.40 

T 5.46 1.00 5.16 33.4 34.40 3.40 

SEM R 0.40 0.11 0.52 1.93 1.97 0.40 

T 0.42 0.13 0.40 1.84 1.86 0.40 

SD R 1.59 0.42 2.08 7.70 7.86 1.50 

T 1.70 0.52 1.60 7.38 7.42 1.70 

CV% R 27.10 42.00 32.50 23.40 23.00 39.40 

T 28.30 45.90 28.10 22.40 21.70 42.30 

min R 3.62 0.67 3.78 22.30 23.50 2.30 

T 4.11 0.67 3.97 20.30 22.10 2.20 

max R 9.79 2.00 10.5 48.50 50.20 8.00 

T 10.80 2.50 9.90 47.30 49.40 8.30 

n R 16.00 16.00 16.00 16.00 16.00 16.00 

T 16.00 16.00 16.00 16.00 16.00 16.00 

SEM= Standard Error of !he mean, SD= Standard deviation, CV= Coefficient of variation, n= Number of subjects, R = Ref-

erence product, T-::: Test product, AUC =Area under the plasma concentration time curve, Cmax=Observed maximum plas-

ma concentration, tmax=Observed sarnpling time of Cmax' tı;z=Apparent terminal elimination half life. 

Table 3. Suınmary of statistical results, n=16 (ali subjects included) 

ln-transformed data - ratio analysis 
Geometric mean 90"/..Confidence 

Interval lor the ratio of 

Variable Test Reference Ratio means 

Cmax [µg/mL] 5.81 5.67 1.03 (90.10; 117) 

AUC (0-tlast) [µg * h /mL] 32.10 32.10 1.00 (95.80; 104) 

AUC (O-~) [n~ * h /mL] 33.40 33.40 1.00 (95.60; 105) 

ANOVA p-values 

Variable Carry-over Treatm.ent , Period CV% di. 

Cmax 0.98 0.73 0.24 21.10 14.00 

AUC (0-tlast) 0.98 0.99 0.62 7.00 14.00 

AUC(O~) 0.95 0.98 0.58 7.30 14.00 

untransformed d ata non-nararnetric analvsis 
Arithmetic mean 90% Confidence 30%-acceptance 

Interval for tlıe range for the 

Variable Test Reference Difference Hodges difference (ratio) difference (ratio) 

Lehmann-Estimator ofmeans 

İm.x [hl 1.13 1.00 0.13 0.03 (-0.17; 0.50); (-0.30; 0.30); 

(83.40; 150%) (70.00; 130%) 

p-values 

Variable Carry-over Treatm.ent Period 

lmax 1.00 0.79 0.53 
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Ali <lata collected in the case report fonns of this study 

were entered into a MS-Access 2.0 database. The <lata 

were validated by double-data entry procedures. 

Analysis of varience (ANOV A) was performed with SAS 
GIM with a factorial design protocol. The calculaticin of 
90%-confidence intervals was performed with SAS. For 

the parameters AUCıase AUCinf, and Cmax the raw <lata 
were ln-transformed. For tmax a non-parametric analysis 

was chosen. Maxın:ıum ofloxacin concentrations (Cm.J 

as well as times of maximum concentrations (1maJ were 
determined frorn the <lata. The areas under the plasrna 
versus time curves (AUC) frorn zero to infinity were cal

culated by the linear trapezoidal rule. 

The ANOV As for the prirnary variables indicated no 
significant treatrnent, carry-over or period effects. 
The 90%-confidence intervals were well within the 
equivalence ranges specified in the protocol, i.e. 80-

125% for AUC and 70-143% for Cmax· 

For 1max• the 90%-confidence interval for differences 
of rneans was only partially included in the 30%

difference acceptance range. The Wilcoxon-Mann
Whitney tests indicated no significant treatrnent, car

ry-over or period effects for tmax. 

Adverse effects 

No adverse effects necessitaling subject withdrawal 

were noted during the study. 

A total of 8 adverse events were seen, 4 with the test 

product, 3 with the reference product and 1 in the 

wash-out phase between periods. Ali syrnptorns dis
appeared later. The following adverse events were 
reported: headache ( 3 cases), rnigraine (2), diarrheea 

(11), flatulence (1), increased sGPT (1). 

DISCUSSION 

This study was conducted with healthy subjects (20 -
39 years, 11 fernales, 5 rnales) according to the Study 

Protocol. The study rnedication appeared to be safe 

and well tolerated. Ali subjects received the sarne 

dosages of rnedication, i.e. one single dose of 400 rng 
ofloxacin in the form of the test product and one sin
gle dose of 400 rng ofloxacin in the form of the refer-

ence product with a 14-day washout period between 
adrninistrations. 

For the reference product, the AUCinf was 34.20 ± 7.90 
(SD) µg*h/rnL, AUCıası was 32.90 ± 7.70 (SD) µg*h/ 
rnL, Cmax 5.86 ± 1.59 (SD) µg/rnL and 1max 1.00 ± 0.42 
(SD)h. 

For the test producl, AUCinf was 34.2 ± 7.40 (SD) 
µg*h/mL, AUCıast was 329 ± 7.40 (SD) µg*h/rnL, Cmax 
6.00 ± 1.70 (SD) µg/mLand tmax 1.13 ± 0.52 (SD) h. 

For AUCinf, AUCıast and Cmax• the 90°/~confidence in
tervals (C.I.) for the ratios test/reference were well 
within the pre-defined acceptance ranges of 80 - 125% 
for AUC-ratios and of 70 - 143% for Cmax' respectively. 
The 90%-confidence interval for AUCinf ranged frorn 
95.60% to 104% (point estimate: 100%), for AUCıast the 
90°/~cr ranged frorn 95.80% to 104% (point estimate: 
100%), and for cmax the 90%-Cl ranged frorn 90% to 
116% (point estimate: 103%). 

The 90%-confidence interval for the difference in tmax -
to be evaluated only descriptively - ranged frorn -0.167 
h to 0.500 h (point estimate: 0.029 h) and was only par
tially included in !he relevant acceptance range of 
(30% of the reference rnean (-0.30 h; 0.30 h). 

Thus, bioequivalence of the test product with the ref
erence product can be concluded with regard to the 
pharmacokinetic pararneters evaluated. 
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