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SCIENTIFIC REVIEW
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Bioavailability File: Levofloxacin
Summary

Biyoyararlan›m Dosyas›: Levofloksasin
Özet

Bioavailability File: Levofloxacin

Levofloxacin (LVFX) is a fluoroquinolone antibacterial agent 
with a broad spectrum of activity against Gram-positive and 
Gram-negative aerobic bacteria and atypical bacteria, and limited 
activity against most anaerobic bacteria. It exerts its antibacterial 
effects by inhibiting bacterial DNA gyrase and topoisomerase 
IV. LVFX is well absorbed with bioavailability of approximately 
99%. Its volume of distribution is about 1.1 L/kg and protein 
binding 24-38%. It is excreted through the kidneys with 64-102% 
of the dose as unchanged drug. The half-life of LVFX is between 
6-9 hours. According to Biopharmaceutics Classification System 
(BCS), LVFX is in Class 1 (high solubility/high permeability). 
The physicochemical properties, analytical methods, 
pharmacokinetics, bioavailability, and pharmacology of LVFX 
are discussed in this review.
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Levofloksasin (LVFX) Gram-pozitif ve Gram-negatif aerobik 
bakterilere, atipik bakterilere, genifl spektrumlu aktivite ve ço¤u 
anerobik bakterilere karfl› s›n›rl› aktivite gösteren bir florokinolon 
antibakteriyel ajand›r. Antibakteriyel etkisini DNA giraz ve 
topoizomeraz IV’ü inhibe ederek gösterir. LVFX yaklafl›k % 99 
biyoyararlan›m ile iyi emilir. Da¤›l›m hacmi yaklafl›k 1.1 L/kg 
ve proteinlere  % 24-38’dir. De¤iflmemifl ilaç olarak dozunun % 
64-102’si böbrekler yoluyla at›l›r. LVFX’in yar›lanma ömrü 6-
9 saat aras›ndad›r. Biyofarmasötik S›n›fland›rma Sistemi (BCS)’e 
göre S›n›f 1’de (yüksek çözünürlük/yüksek permeabilite) yer al›r. 
Bu derlemede, LVFX’in fizikokimyasal özellikleri, analitik 
yöntemleri, farmakokineti¤i, biyoyararlan›m› ve farmakolojisi 
tart›fl›lm›flt›r.
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INTRODUCTION

The fluoroquinolones are widely used synthetic antibacterial 
agents to rival the beta-lactam and the macrolide 
antibacterials for impact in clinical usage in the antibacterial 
therapeutic field. They have a broad antibacterial spectrum 
of activity against Gram-positive, Gram-negative and 
mycobacterial pathogens as well as against anaerobes. 
Furthermore, they show good-to-moderate oral absorption 
and tissue penetration with favorable pharmacokinetics in 
humans, resulting in high clinical efficacy in the treatment 
of many kinds of infections. They also exhibit excellent 
safety profiles comparable to those of oral beta-lactam 
antibiotics (1).

Levofloxacin (LVFX) inhibits bacterial DNA gyrase and 

topoisomerase IV; the primary enzymatic target varies for 
different species of bacteria (2,3). It has a broad spectrum 
of activity against Gram-positive and Gram-negative aerobic 
bacteria and atypical bacteria, but limited activity against 
most anaerobic bacteria (4-6).

PHYSICOCHEMICAL PROPERTIES

Levofloxacin (LVFX) (CAS100986-85-4) is a 
fluoroquinolone antibacterial agent with a broad spectrum 
of activity against Gram-positive and Gram-negative 
bacteria and atypical respiratory pathogens. It is active 
against both penicillin-susceptible and penicillin-resistant 
Streptococcus pneumoniae (4,7). Chemically, LVFX, a
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chiral fluorinated carboxyquinolone, is the pure (-)-(S)-
enantiomer of the racemic drug substance ofloxacin. The 
chemical name is (-)-(S)-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 hemihydrate (8). 

The chemical structure is shown in Figure 1. The molecule 
exists as a zwitterion at the pH conditions in the small 
intestine (8).

In solid form, LVFX is an odorless, white to yellow, 
crystallized powder with a melting point of 228.6°C. Its 
molecular weight is 361. LVFX is practically insoluble in 
water, but is soluble in ethanol and chloroform, and also 
in ethanol–water mixture, with an octanol:water partition 
coefficient (log P) of 0.6. LVFX possesses two ionizable 
functional groups: a carboxylic group (pKa1=6.05 and 
5.70) and a basic piperanyzyl group (pKa2=8.22 and 7.90) 
(9). LVFX has pH-dependent solubility in a range of about 
30–300 mg/mL within the range of pH 1–pH 8(8). 

ANALYTICAL METHODS

In biological fluids, LVFX can be determined by high-
performance liquid chromatography (HPLC) (10), 
chemiluminescence (11), and spectrofluorometric and 
micelle- enhanced spectrofluorometric (9) methods. 

Santoro et al. (12)  developed and validated an HPLC 
method for quantitative determination of LVFX in tablets 
and injection formulations. The wavelength (λmax) was 295 
nm for detection. The limit of detection (LOD) was 0.15 
µg/mL.  

Wong et al.(13) reported a simple reversed phase HPLC 
method for rapid stereospecific determination of LVFX in 

both human plasma and urine. µmax was 330 nm for 
detection. The method was linear from 0.08 to 5.18 µg/mL 
in plasma and from 23 to 1464 µg/mL in urine. This HPLC 
method was used by Chien et al. (10) for quantitative 
determination of LVFX in human plasma and urine. The 
limit of quantification (LOQ) for the assay was determined 
to be 82 ng/mL. 

The chemiluminescence method shows the advantages of 
simplicity, rapidity and high sensitivity, and has been 
studied extensively for the analysis of pharmaceutical 
compounds. LOD was 0.007 mg/mL (11). 

Gonzales et al. (9) used a spectrofluorometric method to 
determine LVFX in tablets and spiked human urine and 
serum. Two methods have been applied for LVFX 
determination: aqueous solution fluorescence and micelle-
enhanced fluorescence. The fluorimetric method allows 
the determination of 20–3000 ng/mL of LVFX in aqueous 
solution for  λexc = 292 and λem = 494 nm, respectively. 
Micelle-enhanced fluorescence improves the sensibility 
and allows LVFX direct measurement in spiked human 
serum (5 mg/mL) and urine (420 mg/mL) in 8 mM sodium 
dodecyl sulphate solutions at pH 5. Aqueous solution 
fluorescence method is recommended for LVFX 
determination in urine. Micelle-enhanced fluorescence 
method is recommended for determination in serum. Both 
methods were applied successfully for the determination 
of the active constituent in a commercial pharmaceutical 
(9).

Table 1.	 Minimal inhibitory concentrations (MIC) of 		
LVFX for related microorganisms (5)

Microorganism	 MIC (mg/L)

Streptococcus pneumoniae	 1.0–2.0 

Staphylococcus aureus	 0.25–0.5 

Haemophilus influenzae	 0.008–0.12

Moraxella catarrhalis	 ²0.03–0.06

Enterobacteriaceae	 ²2.0

Chlamydia pneumoniae	 ²0.5

Mycoplasma pneumoniae	 ²1.0

Legionella spp.	 ²0.03

Figure 1 :	 The chemical structure of levoflox acin (7).



199

FABAD J. Pharm. Sci., 32, 197-208, 2007

PHARMACOLOGICAL PROPERTIES

Levofloxacin is the L-isomer of the racemic drug ofloxacin. 
Like other fluoroquinolones, it inhibits both bacterial DNA 
gyrase and topoisomerase IV; the primary enzymatic target 
varies for different species of bacteria (2). LVFX has a 
broad spectrum activity against  Gram-positive and Gram-
negative aerobes and atypical bacteria. It has limited activity 
against anaerobes. LVFX appears to have improved activity 
against Streptococcus pneumoniae compared with 
ciprofloxacin or ofloxacin (4,8). LVFX activity against the 
microorganisms is given in Table 1.

Levofloxacin differs in chemical structure and mode of 
action from aminoglycosides, macrolides and β-lactam 
antibiotics, including penicillins. It is widely used in the 
treatment of respiratory tract and urinary tract infections. 
LVFX penetrates well into polymorphonuclear leukocytes, 
which can act as vehicles for transport and delivery of the 
active drug to sites of infections (8).

DOSAGE AND ADMINISTRATION 

The usual dosage of LVFX is 250, 500 or 750 mg once 
daily. It is available formulated for slow intravenous infusion 
over 60 minutes (min) for 250 or 500 mg dosages and over 
90 min for 750 mg or as tablets.  Sequential transfer from 
intravenous to oral therapy may take place without altering 
the dose.

Oral LVFX can be taken without regard to the timing of 
meals but should be administered at least 2 hours (h) before 
or after taking preparations such as antacids, metal cations 
(e.g. iron), multivitamins, and sucralfate (4).

ADVERSE EFFECTS

Levofloxacin is generally well tolerated in comparison 
with some other quinolones, with the most frequently 
reported adverse events being nausea and diarrhea. It has 
a low photosensitizing potential, and clinically significant 
cardiac and hepatic adverse events are rare (4,14-16). In 
dosage regimens ranging from 250 mg once daily 7 – 10 
days to 500 mg once daily for 14 days, the drug was 
generally well tolerated and safe (17-20).

Figure 2 :	 Mean ± SD plasma LVFX concentration - time a profiles 		
following the administration of LVFX hemihydrate (study 		
A) as a single 500 mg oral dose on day 1 and 500 mg oral 		
doses once daily on days 4 to 10 (22).

Figure 3 :	 Mean ± SD plasma LVFX concentration - time a profiles 		
following the administration of single (day 1) and multiple 		
once daily (days 4 to 10) 500 mg intracenous doses given as 	
1 h infusions (study B) (22)

Figure 4 :	 Mean plasma LVFX concentration - time profiles for 23 		
healthy male subjects following the administration of single 	
500 mg doses of the clinical tablet and the intravenous infusion 	
(study C) (22).
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PHARMACOKINETICS AND BIOAVAILABILITY

Absorption
Levofloxacin is well absorbed following oral administration 
and the absolute bioavailability is approximately 99%. 
Following 500 and 750 mg oral LVFX dose, it is absorbed 
quickly, attaining maximum plasma concentration (Cmax) 
within approximately 1-2 h of oral administration daily for 
multiple-dose administration (21). Table 2 summarizes the 
pharmacokinetic parameters of LVFX according to the 

available literature. 

Chien et al. (22) evaluated the pharmacokinetics of oral 
and intravenous LVFX following the administration of 
single and multiple 500 mg doses once daily to healthy 
male volunteers. The pharmacokinetics of once-daily oral 
LVFX (study A) or intravenous LVFX (study B) in 40 
healthy male volunteers were investigated in two separate 
randomized, double-blind, parallel-designed, placebo-
controlled studies. LVFX at 500 mg or placebo was

Table 2.	 Pharmacokinetic parameters of LVFX

Regimen	 Cmax (µg/mL)	 Tmax(h)	 AUC (mg.L/h)	 CL/F (mL/min)	 Vd/F (L)	 t1/2 (h)	 CLR

500 mg oral tablet(11)	 5.08 	 1.7	 48.0	 -	 -	 6.9	 -

750 mg oral tablet(11)	 7.13	 1.7	 82.0	 -	 -	 6.9	 -

500 mg oral tablet(13) (Study A)	 5.19 ± 1.21	 1.3 ± 0.5	 47.7 ± 7.6	 175 ± 29.2	 96.7 ± 11.9	 7.4 ± 0.9	 126 ± 30.0

500 mg IV (13) (Study B)	 6.34 ± 1.42	 - 	 55.3 ± 11.9	 157 ± 32.2	 88.8 ± 18.5	 7.1 ± 1.0	 95.5 ± 23.0

500 mg oral tablet(13) (Study C)	 4.51 ± 0.9	 1.57 ± 0.8	 43.2 ± 7.1	 199 ± 37	 -	 6.8 ± 0.6	 -

500 mg oral tablet(13) (Study C)	 4.80 ± 1.0	 1.37 ± 0.8	 44.7 ± 6.7	 191 ± 28	 -	 6.9 ± 0.6	 -

500 mg IV infusion(13) (Study C)	 5.70 ± 0.8	 1.00 ± 0.0	 44.0 ± 7.3	 195 ± 35	 105 ± 16	 6.7 ± 0.7	 -

250 mg oral tablet(15)	 2.8 ± 0.4	 1.6 ± 1.0	 27.2 ± 3.9	 156 ± 20	 -	 7.3 ± 0.9	 142 ± 21

500 mg oral solution(15)	 5.8 ± 1.8	 0.8 ± 0.7	 47.8 ± 10.8	 183 ± 40	 112 ± 37.2	 7.0 ± 1.4	 -

500 mg IV(15)	 6.2 ± 1.0	 1.0 ± 0.1	 48.3 ± 5.1	 175 ± 20	 90 ± 11	 6.4 ± 0.7	 112 ± 25

750 mg oral tablet(15)	 9.3 ± 1.6	 1.6 ± 0.8	 101 ± 20	 129 ± 24	 83 ± 17	 7.5 ± 0.9 	 -

750 mg IV(15)	 11.5 ± 4.0	 -	 110 ± 40	 126 ± 39	 75 ± 13	 7.5 ± 1.6	 -

500 mg oral tablet(26)	 6.92 ± 2.30	 1.75 ± 0.64	 47.6 ± 11.46	 181 ± 42.8	 114 ± 37.7	 8.1 ± 1.90	 -

200 mg IV infusion(27)	 2.4 ± 0.4	 -	 16.1 ± 1.4	 -	 -	 6.3 ± 0.3	 -

500 mg oral tablet(30)	 8.69	 -	 63.5	 -	 -	 -	 -

500 mg oral tablet(30)	 8.45	 -	 60.7	 -	 -	 -	 -

500 mg IV(37)	 7.6 ± 2.7	 -	 -	 -	 -	 6.4 ± 0.9	 -

750 mg IV(36)	 11.3	 -	 90.9	 -	 -	 7.5	 -

750 mg oral tablet(38)	 7.13 ± 1.44	 1.9 ± 0.7	 82 ± 14	 157 ± 28	 90  ± 14	 7.7 ± 1.3	 118 ± 28

1000 mg oral tablet(38)	 8.85 ± 1.86	 1.7 ± 0.4	 111 ± 21	 156 ± 34	 96 ± 22	 7.9 ± 1.5	 113 ± 2.6

500 mg every 24 h oral tablet(13)	 5.72 ± 1.40	 1.1 ± 0.4	 47.5 ± 6.7	 175 ± 24.5	 102 ± 21.8	 7.6 ± 1.6	 116.2 ± 30.8

500 mg every 24 h IV(13)	 6.40 ± 0.82	 -	 54.6 ± 11.1	 158 ± 28.8	 90.6 ± 11.9	 7.0 ± 0.8	 99.0 ± 27.7

500 mg or 250 mg every 24 h IV(15)	 8.7 ± 4.0	 -	 72.5 ± 51.2	 154 ± 72	 111 ± 58	 -	 -

750 mg every 24 h oral tablet(15)	 8.6 ± 1.9	 1.4 ± 0.5	 90.7 ± 17.6	 143 ± 29	 100 ± 16	 8.8 ± 1.5	 116 ± 28

750 mg every 24 h IV(15)	 12.1 ± 4.1	 -	 108 ± 34	 126 ± 37	 80 ± 27	 7.9 ± 1.9	 -

200 mg IV infusion every 12 h(27)	 2.9 ± 0.4	 -	 23 ± 6	 -	 -	 6.2 ± 0.8	 -

500 mg IV every 24 h(37)	 8.2 ± 2.2	 -	 -	 -	 -	 6.9 ± 1.2	 -

750 mg IV every 24 h(36)	 12.4	 -	 103	 -	 -		 -

750 mg every 24 h oral tablet(38)	 8.60 ± 1.86	 1.4 ± 0.5	 91 ± 18	 143 ± 29	 100 ± 16	 8.8 ± 1.5	 116 ± 28

1000 mg every 24 h oral tablet(38)	 11.8 ± 2.52	 1.7 ± 0.6	 118 ± 19	 146 ± 29	 105 ± 27	 8.9 ± 2.5	 106 ± 23
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administered orally or intravenously as a single dose on 
day 1; daily oral or intravenous dosing resumed on days 
4 to 10. In a third study (study C), the bioavailabilities of 
two oral and one intravenous LVFX formulations were 
investigated and compared in a study with 24 healthy male 
subjects in an open-label, randomized, three-way crossover 
study. LVFX at 500 mg as a single tablet or an intravenous 
infusion was administered on day 1; following a 1-week 
washout period, subjects received the second regimen (i.e., 
the other oral formulation or the intravenous infusion); the 
third and final regimen was administered following a 1-
week washout period. Pharmacokinetic parameters were 
estimated by noncompartmental methods. In both study A 
(oral) and study B (intravenous), steady state was attained 
within 48 h after the start of the multiple dosing on day 4. 
LVFX pharmacokinetics were linear and predictable for 
the single and multiple 500 mg, once-daily oral and 
intravenous dosing regimens, and the values of the 
pharmacokinetic parameters for the oral and intravenous 
administrations were similar. Study C indicated that LVFX 
was rapidly and completely absorbed from the oral tablets, 

with mean times to the maximum concentration of drug in 
serum of approximately 1.5 h and mean absolute 
bioavailability of >99%. These results support the 
interchangeability of the oral and intravenous routes of 
LVFX administration. The plasma concentration–time 
profiles(22) are given in Figures 2-4, and the related 
pharmacokinetic parameters are given in Table 2.

Different dose and administration routes were evaluated 
for LVFX pharmacokinetics. Trampuz et al.(23) determined 
the pharmacokinetics of 500 mg single dose of LVFX oral 
tablets in 20 volunteers. Obtained pharmacokinetic 
parameters are given in Table 2.

Amsden et al.(24) characterized the single dose (500 mg, 
IV) and steady state (500 mg once daily for 7 days, IV) 
plasma pharmacokinetics of LVFX in 12 healthy volunteers. 
The plasma concentrations of LVFX  were less than 1 
mg/L for at least 6 h when given both as a single dose or 
at steady state. The pharmacokinetic parameters are 
summarized in Table 2.

Table 3.	 Distribution of LVFX to respiratory fluids and tissues (Sampling was performed following administration of 	
single oral doses of LVFX, except for alveolar macrophages and epithelial lining fluid, for which samples 		
were obtained after administration of multiple doses of intravenous or oral LVFX [once daily for 5 days] (4)

Tissue / fluid

Alveolar macrophages (29-31)

Bronchial lavage fluid (33)

Bronchoalveolar lavage fluid (33)

Epithelial lining fluid (29-31)

Lung (27)

Sputum (32)

Dose

(mg) 

(hours post-dose)

500(4)

500(12)

500(24)

750(4)

750(12)

750(24)

200(1-3)

200(1-3)

500(4)

500(6-8)

500(12)

500(24)

750(4)

750(12)

750(24)

500(4-6)

500(21-25)

100(4)

Plasma 

concentration

 (mg/L)

4.1-5.3

1.6-3.1

0.4-0.6

6.6-12.0

3.5-4.1

0.8-1.7

2.5

2.5

4.1-5.3

4.0

1.6-3.1

0.4-0.6

6.6-12.0

3.5-4.1

0.8-1.7

2.9

0.7

1.1

Tissue/fluid 

concentration

(mg/L)

27.7-97.9

18.3-36.7

5.6-13.8

81.7-105.1

36.2-78.2

13.5-15.1

0.12

0.21

9.9-11.0

10.1

2.5-6.5

0.7-1.7

12.9-22.1

6.0-9.2

1.5-1.7

11.3

2.4

1.3

Tissue/fluid 

plasma 

concentration ratio

2.3-18.5

 11.2-12.0

11.7-23.0

8.8-12.5

8.9-22.2

8.9-15.8

0.06

0.1

1.9-3.0

2.7

1.5-2.1

1.2-2.6

 1.9-2.0

1.7-2.3

0.9-2.1

5.0

4.1

1.2
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Chien et al. (25) evaluated 750 and 1000 mg oral doses of 
LVFX in healthy volunteers. The study was conducted 
both in single dose and steady state (once daily for 10 
days). The pharmacokinetics of oral LVFX at both dose 
levels were found to be similar based on comparable values 
of apparent clearance and volume of distribution, estimates 
of elimination half-life. The mean plasma LVFX 
concentrations versus time profiles are given in Figure 5 
and the pharmacokinetic parameters are shown in Table 
2. The pharmacokinetics of LVFX following the 750 and 
1000 mg doses were similar to those obtained in a previous 
study (22) with 500 mg LVFX doses, showing that LVFX 
exhibits linear pharmacokinetics over the dose range 
500–1000 mg. This study also demonstrated that high doses 
of LVFX are safe.  

Almeida et al. (26) compared the relative bioavailability 
of two different LVFX 500 mg tablets in 21 healthy subjects. 
Two drugs were considered bioequivalent with Cmax values 
of 11293.37 ± 2604.5 ng/mL and 12183.48 ± 2871.17 
ng/mL and AUC values of 120465.59 ± 23750.03 ng.h/mL 
and 122234.40 ± 21229.89 ng.h/mL for reference and test 
drugs, respectively (26).

Table 4.	 Summary of LVFX pharmacokinetic estimates in children (10)

Age Group	 N	 Cmax (µg/mL)	 AUC (µg.h/mL)	 t1/2  	 Tmax 	 Vd/F 	 CL/F				

(h)	 (h) 	 (L/kg)	  (L/h/kg)

6 months to 2 years

IV	 6	 5.19 ± 1.26	 21.5 ± 6.1	 4.1 ± 1.3	 1 	 1.56 ± 0.30	 0.35 ± 0.13

Oral	 8	 4.21 ± 1.49	 25.8 ± 9.2	 5.0 ± 1.3	 1.4 ± 0.4	 2.32 ± 1.41	 0.31 ± 0.13

2 to 5 years 

IV	 7	 6.02 ± 1.07	 22.7 ± 4.7	 4.0 ± 0.8	 1 	 1.50 ± 0.21	 0.32 ± 0.08

Oral	 8	 4.56 ± 0.83	 25.9 ± 4.8	 4.6 ± 1.3	 1.6 ± 0.5	 1.81 ± 0.62	 0.28 ± 0.05

5 to 10 years

IV	 10	 7.30 ± 3.85	 29.2 ± 6.4	 4.8 ± 0.8	 1 	 1.57 ± 0.44	 0.25 ± 0.05

Oral	 8	 4.64 ± 0.39	 29.0 ± 10.0	 5.3 ± 1.6	 1.3 ± 0.4	 1.88 ± 0.44	 0.26 ± 0.06

10 to 12 years

IV	 7	 6.12 ± 1.19	 39.8 ± 11.3	 5.4 ± 0.8	 1	 1.44 ± 0.35	 0.19 ± 0.05

Oral	 8	 3.99 ± 0.87	 37.3 ± 9.8	 5.5 ± 0.7	 1.9 ± 0.9	 1.57 ± 0.43	 0.20 ± 0.06

12 to 16 years

IV	 10	 6.34 ± 1.58	 40.5 ± 7.6	 6.0 ± 2.1	 1	 1.56 ± 0.53	 0.18 ± 0.03

Oral	 8	 4.76 ± 0.86	 41.1 ± 6.8	 5.8 ± 1.4	 1.6 ± 1.0	 1.40 ± 0.28	 0.17 ± 0.04

IV	 23	 6.18 ± 1.04	 48.3 ± 5.40	 6.0 ± 1.0	 1	 1.27 ± 0.12	 0.15 ± 0.02

Oral	 36	 5.41 ± 1.68	 49.3 ± 12.5	 6.9 ± 1.5	 1.1 ± 0.9	 1.44 ± 0.40	 0.14 ± 0.03
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Figure 5 :	 Mean plasma concentration-time profiles following single 		
and multiple once-daily 750 mg and 1000 mg oral doses of 		
LVFX for 10 healthy volunteers (26).
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The pharmacokinetics of LVFX are linear over the range 
of single doses of 500-1000 mg and multiple doses of 500-
1000 mg once daily (22,25,27). Steady state plasma 
concentrations are reached within 48 h at commencing 500 
and 750 mg once-daily dosing regimens (4).

Food Effect
Although administration of LVFX with food resulted in 
delayed absorption (60% increase in Tmax) and slight 
decrease in the Cmax (14%) and AUC (10%) (28), it does 
not cause clinically significant alterations in bioavailability 
of LVFX (12). Therefore, LVFX can be given orally without 
regard to food intake.

Distribution
Levofloxacin is 24-38% bound to plasma proteins (27), 

mainly albumin, and has a volume of distribution of 76-
102 L following single and multiple 500 or 750 mg doses 
(20-22).

Levofloxacin displays good penetration into alveolar 
macrophages, bronchial mucosa, epithelial lining fluid, 
and saliva. Tissue and fluid concentrations often exceed 
serum concentrations (21). Tissue distribution is extensive 
with concentrations in most tissues (including the lung, 
prostate gland and skin) exceeding those in plasma. Their 
distribution into selected fluids and tissues (27,29-33) is 
summarized in Table 3.

Metabolism and Elimination
Levofloxacin is stereochemically stable in plasma and 
urine and does not invert metabolically to its enantiomer,

Table 5.	 Summary of LVFX pharmacokinetic parameters in age and gender groups (38)

Parameter	 Male (n=12)	 Female (n=12)	 Young (n=12)	 Elderly (n=12)

Cmax (µg/mL)	 5.52 ± 1.07	 6.96 ± 1.57	 5.52 ± 1.02	 6.96 ± 1.60

Tmax (h)	 1.2 ± 0.4	 1.7 ± 0.5	 1.5 ± 0.6	 1.4 ± 0.5

Vd/F (L/kg)	 1.11 ± 0.19	 0.94 ± 0.14	 1.13 ± 0.18	 0.92 ± 0.12

AUC (µg.h/mL)	 54.4 ± 18.9	 67.7 ± 24.2	 47.5 ± 9.8	 74.7 ± 23.3

T1/2 (h) 	 7.5 ± 2.1	 6.1 ± 0.8	 6.0 ± 0.9	 7.6 ± 2.0

CL/F (mL/min)	 166 ± 44	 136 ± 44	 182 ± 35	 121 ± 33

CLR (mL/min)	 126 ± 38	 106 ± 40	 140 ± 33 	 91 ± 29

Table 6.	 Summary of drug interaction studies for LVFX

Interacted Drug	 Interaction Type

Calcium, aluminium and magnesium containing antacids	 Through the formation of non-absorbable chelates, absorption of LVFX 	

can reduce (4,12,43)

Sucralfate, and metal cations containing nutritional supplements	 Through the formation of non-absorbable chelates, absorption of LVFX 	

can reduce (4,12,43)

Theophylline	 No significant interaction (44,45)

Warfarin	 No significant interaction (46)

Cyclosporine	 No significant interaction (14)

Digoxin	 No significant interaction (14)

Cimetidine, probenecid	 Little or no changes in the rate of absorption; CLR of LVFX can 			

reduce (14,47)

Ranitidine	 No significant interaction (43)

Zidovudine	 No significant interaction (48)

Nelfinavir	 No significant interaction (49)
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D-ofloxacin (34). LVFX is primarily excreted through the 
kidneys (35), with 64–102% of the dose being recovered 
as unchanged drug in the urine within the first 48 h following 
a single oral dose of 500 mg (22,36). Both glomerular 
filtration and tubular secretion of LVFX occur (4,27,37). 
The parent drug undergoes limited metabolism in the liver 
to demethyl-LVFX and LVFX-N-oxide, with less than 5% 
of an administered dose being excreted in the urine as these 
metabolites (4,27). These metabolites have little relevant 
pharmacological activity (34). In patients with renal 
impairment, dosage adjustment is required for LVFX21. 
The mean plasma elimination half-life is approximately 6-
9 h (Table 2) after single and multiple doses of oral or 
intravenous LVFX 500 or 750 mg (22,27) . In healthy 
volunteers, mean total body clearance and renal clearance 
are approximately 8-12 and 6-8 L/h, respectively (22,27,36). 

Pediatrics
To characterize the pharmacokinetics of LVFX in children, 
three single-dose, multicenter pharmacokinetic studies 
were conducted in 85 children in five age groups: 6 months-
2 years, 2-5 years, 5-10 years, 10-12 years and 12-16 years. 
Each child received a single 7 mg/kg dose LVFX 
intravenously or orally. LVFX absorption (as indicated by 
Cmax and tmax) and distribution in children are not age-
dependent and are comparable to those in adults (10). 

For comparison, pharmacokinetic data from adult male 
volunteers (aged 18-53 years) (22) were included that were 
derived from previously published methods (10) (Table 
4). Pediatric patients cleared LVFX faster than adult patients, 
resulting in lower plasma exposures than in adults. LVFX 
elimination (reflected t1/2 and clearance), however, is age-
dependent (38).

Geriatrics and Gender
Chien et al. (38) evaluated the influence of age and gender 
on the pharmacokinetics of LVFX in healthy subjects. 
Twenty-four healthy male and female volunteer subjects 
participated in the study. Subjects were administered a 
single oral tablet consisting of 500 mg of anhydrous LVFX. 
Subjects were divided into four groups (6 young males, 6 
young females, 6 elderly males, 6 elderly females). The 
mean plasma concentration-time curves of LVFX in the 
age group and in the gender group are shown in Figures 
6 and 7, respectively. The mean pharmacokinetic parameters

Figure 6 :	 Mean plasma concentration-time curves of LVFX in the age 	
group after a single oral dose of LVFX (500 mg tablet) (38)

Figure 7 :	 Mean plasma concentration-time curves of LVFX in the 
gender group after a single oral dose of LVFX (500 mg tablet) (38)

Figure 8 :	 Dissolution profile of LVFX 500 mg film-coated tablets at 		
different pH values (10).
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determined from this study are summarized in Table 5. It 
was concluded that there were no clinically meaningful 
changes from baseline in any laboratory parameter, vital 
sign or physical examination. LVFX 500 mg tablet was 
found to be safe in geriatrics and both males and females 
(38).

Race
Flores-Murrietta (39) investigated the bioavailability of 
LVFX 500 mg tablets in 27 healthy Mexican male 
volunteers. There were no observed significant differences 
in pharmacokinetic parameters between Mexicans and 
other races.

Zhang et al. (40) evaluated the pharmacokinetics of infusion 
of multi-dose of LVFX instillation (200 mg) twice daily 
in healthy Chinese volunteers. IV infusion of LVFX 
instillation 200 mg within 60 min was given to 10 healthy 
male volunteers for 7 days (on day 1 and 7, once-daily; 
from days 2 – 6, twice-daily dosing). There was no observed 
accumulation of the drug after the repeated IV infusion 
with 200 mg LVFX instillation for 7 days. The 
pharmacokinetic parameters were not affected by the race 
of the subjects (34,39,40).

Renal Impairment
In patients with renal impairment (creatinine clearance 
(CLR) <50 mL/min), clearance of LVFX is reduced and 
half-life prolonged, necessitating dosage adjustments to 
avoid accumulation (41,42). Neither hemodialysis nor 
continuous ambulatory peritoneal dialysis removes LVFX 
effectively (41,42); however, LVFX is removed by 
continuous venovenous hemofiltration in critically ill 
patients (43,44). 

In one study, patients with reduced renal function (CLR 

<80 mL/min) had higher Cmax, AUC and t1/2 values than 
subjects with CLR >80 mL/min. No increase in drug 
retention was observed and pharmacokinetics remained 
linear (20).

Hepatic Impairment
The effect of hepatic impairement on the pharmacokinetics 
of LVFX has not been established; however, it is not 
expected to be significant given the limited hepatic 
metabolism of the drug (4,8).

Drug Interactions
The absorption of LVFX is reduced by concurrent 
administration of some drugs (45-51). The drug interactions 
with LVFX are summarized in Table 6.

BIOPHARMACEUTICS CLASSIFICATION 
SYSTEM EVALUATION

The Biopharmaceutics Classification System (BCS) is a 
scientific outline for classifying drug substances based on 
their aqueous solubility and intestinal permeability(52). 
The Food and Drug Administration applied the principles 
of BCS to a regulatory bioavailability and bioequivalence 
guidance that recommends methods for classifying drug 
substances and products53. The Guidance explains that a 
waiver (biowaiver) for in vivo bioavailability and 
bioequivalence studies may be requested based on the 
approach of BCS. 

In the current BCS Guidance, high solubility, high 
permeability, rapid and similar dissolution, wide therapeutic 
window, and previously used excipients are required for 
justifying a biowaiver request. The BCS Guidance provides 
methods and acceptance criteria for classifying a drug 
substance and product based on its solubility, permeability, 
and dissolution.

Amidon et al. (52) indicated that BCS Class 1 drugs have 
high solubility, high permeability and rapid dissolution 
characteristics. Evaluation of the BCS characterization 
(solubility, permeability and dissolution) for LVFX is as 
follows:

Solubility
Levofloxacin has a pH-dependent solubility (8). Solubility 
values of LVFX were between 32-91 mg/mL within the 
range of pH 1.2-6.8 at 37°C (54). 

The parameter of dose number (D0) is defined as the ratio 
of dose concentration to drug solubility (52). D0 values 
were less than 1 for all pH values (54). Therefore, LVFX 
is a highly soluble drug.

Permeability
The permeability class boundary is based indirectly on the
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extent of absorption of a drug substance in humans and 
directly on measurements of the rate of mass transfer across 
the human intestinal membrane. A drug substance is 
considered to be highly permeable when the extent of 
absorption in humans is determined to be ³90% of an 
administered dose based on a mass balance determination 
or in comparison with an intravenous reference dose (53). 
Acceptable methods for permeability classification are 
categorized as human (mass balance or absolute 
bioavailability studies), animal (in vivo or in situ intestinal 
perfusion), and in vitro (excised human or animal tissue, 
or epithelial cell monolayers).

LVFX is rapidly and essentially completely absorbed after 
oral administration, with an absolute bioavailability of 
~99% at 500 and 750 mg. LVFX demonstrated 
concentration-dependent permeability (55).

Caco-2 cell monolayers are routinely used to evaluate the 
permeability properties of drugs for BCS classification 
(56-61). Volpe (62) used an in vitro cell culture model to 
categorize the permeability class of fluoroquinolones 
including LVFX with demonstrated method suitability 
according to the BCS Guidance. A drug substance (labetalol) 
was determined as a highly permeable internal standard 
(HP-IS) (Papp = 18.05 ± 1.90 x 106 cm/s) and a test drug 
classified as highly permeable when its permeability was 
equal to or greater than the HP-IS. Calculated Papp value 
of LVFX (Papp = 28.36 ± 1.93 x 106 cm/s) was greater 
than HP-IS. These results show that LVFX is classified as 
a highly permeable drug (62). Also, based on the human 
absolute bioavailability of LVFX determined in the study 
of Pickerill et al.(55), it was expected that LVFX would 
be classified as a highly permeable drug.

Dissolution
An immediate release (IR) drug product is considered 
rapidly dissolving when no less than 85% of the label 
amount of the drug substance dissolves within 30 min 
using the USP apparatus I at 100 rpm or USP apparatus II 
at 50 rpm in a volume of 900 mL or less in pH 1-7.5 (53). 

Dissolution studies were conducted for LVFX 500 mg 
film-coated tablet formulation in four different buffer media 
(pH 1.2, pH 2.5, pH 4.5, and pH 6.8) using the USP   
apparatus II (54). The dissolution profiles are given in 

Figure 8. According to these dissolution results, more than 
85% of LVFX was dissolved in 30 min, so LVFX is a 
rapidly dissolved drug. 

In summary, it is concluded that LVFX is classified in 
BCS Class 1 because of its high solubility (54), high 
permeability (55,62) and rapid dissolution (54) 
characteristics. 

Additionally, Wu et al. (63), designed a new system, 
Biopharmaceutics Drug Disposition Classification System 
(BDDCS) as an alternative to BCS. The BDDCS replaces 
the permeability criteria with the major route of elimination 
because of the belief that it is easier and less ambiguous 
to determine the assignment of BDDCS for marketed drugs 
based on the extent of metabolism rather than by using 
permeability. When initially proposed, “extensive 
metabolism” was defined as ³50% metabolism of an oral 
dose in vivo in humans. LVFX is in Class 3 (high 
solubility/poor metabolism) according to BDDCS (63). 

CONCLUSION

Levofloxacin is a broad-spectrum antibacterial agent with 
activity against a range of Gram-positive and Gram-negative 
bacteria and atypical organisms. It provides clinical and 
bacteriological efficacy in a range of infections, including 
those caused by both penicillin-susceptible and -resistant 
strains of S. pneumoniae. LVFX is a well-tolerated drug. 
It also has a pharmacokinetic profile that is compatible 
with once-daily administration and allows for sequential 
intravenous to oral therapy. The pharmacokinetics of LVFX 
are not significantly affected by age or sex in patients. It 
is rapidly and completely absorbed from the tablet 
formulations. LVFX shows high solubility, high 
permeability and rapid dissolution characteristics. Since 
absorption is almost complete and solubility is high, 
according to the BCS, LVFX is in Class 1. An IR solid 
oral dosage form, the active substance of which appears 
in BCS Class 1, is a potential biowaiver from in vivo 
bioequivalence studies. Consequently, in vivo 
bioequivalence studies are not required for IR oral dosage 
forms of LVFX.



207

FABAD J. Pharm. Sci., 32, 197-208, 2007

REFERENCES
1. Takahashi H, Hayakawa I, Akimoto T. The history of 

the development and changes of quinolone antibacterial 
agents. Yakushigaku Zasshi 38(2): 161-179, 2003.

2. Zhanel GG, Enis K, Vercaigne L. A critical review of 
the fluoroquinolones: focus on respiratory tract infections. 
Drugs 62(1): 13-59, 2002.

3. Hooper DC. Mode of action of fluoroquinolones. Drugs 
58(2): 6-10, 1999.

4. Croom KF, Goa KL. Levofloxacin: a review of its use 
in the treatment of bacterial infections in the United 
States. Drugs 63(24): 2769-2802, 2003.

5. Appelbaum PC. Quinolone activity against anaerobes. 
Drugs. 58: 60-64, 1999.

6. Credito KL, Jacobbs MR, Appelbaum PC. Time-kill 
studies of the antianaerobe activity of garenoxacin 
compared with those of nine other agents. Antimicrob 
Agents Chemother 47(4): 1399-1402, 2003.

7. Hurst M, Lamb HM, Scott LJ. Levofloxacin: an update 
review of its use in the tratment of bacterial infections. 
Drugs 62(14): 2127-2167, 2002.

8. Levaquin®: US Prescribing information. Raritan(NJ): 
Ortho-McNeil Pharmaceutical, Inc. 2008.

9. Gonzales JAO, Manuel CM, De La Rosa FJB. 
Spectrofluorimetric determination of levofloxacin in 
tablets, human urine and serum. Talanta 52: 1149-1156, 
2000.

10. Chien S, Wells TG, Blumer JL, Kearns GL, Bradley 
JS,  Bocchini JA, Natarajan J, Maldonado S, Noel GJ. 
Levofloxacin pharmacokinetics in children. J Clin 
Pharm 45: 153-160, 2005.

11. Sun H, Li L, Chen X. Flow-injection chemiluminescence 
detemination of ofloxacin and levofloxacin in 
pharmaceutical preparations and biological fluids. Anal 
Sci 22: 1145-1149, 2006.

12. Santoro MIRM, Kassab NM, Singh AK, Kedor-
Hackmam ERM. Quantitative determination of 
gatifloxacin, levofloxacin, lomefloxacin and pefloxacin 
fluoroquinolonic antibiotics in pharmaceutical 
prepara t ions  by high-performance l iquid  
chromatography. J Pharm Biomed Anal 40: 179-184, 
2006.

13. Wong FA, Juzwin SJ, Flor SC. Rapid stereospecific 
high-performance liquid chromatographic determination 
of levofloxacin in human plasma and urine. J Pharm 
Biomed Anal 15: 765-771, 1997.

14. Ball P, Mandell L, Niki Y, Tillotson G. Comperative 
tolerability of the newer fluoroquinolone antibacterials. 
Drug Safety 21(5): 407-421, 1999.

15. Mandell L, Tillotson G. Safety of fluoroquinolones: 
an update. Can J Infect Dis 13(1): 54-61, 2002.

16. Stahlmann R. Clinical toxicological aspects of 
fluoroquinolones. Toxicol Let 127: 269-277, 2002.

17. File TM, Segreti J, Dunbar L. A multicenter randomized 
study comparing the efficacy and safety of intravenous 
and/or oral levofloxacin versus ceftriaxone and/or 
cefuroxime axetil in treatment of adults with 
community-acquired pneumonia. Antimicrob Agents 
Chemother 41: 1965-1972, 1997.

18. Richard GA, Klimberg IN, Fowler CL, Callery-D’Amico 
S, Kim SS. Levofloxacin versus ciprofloxacin versus 
lomefloxacin in acute pyelonephritis. Urology 52(1): 
51-60, 1998.

19. Lipsky BA, Baker CA. Fluoroquinolone toxicity profiles: 
a review focusing on newer agents. Clin Infect Dis 28: 
352-364, 1999.

20. Chow AT, Fowler C, Williams RR, Morgan N, 
Kaminski S, Natarajan J. Safety and pharmacokinetics 
of multiple 750-milligram doses of intravenous 
levofloxacin in healthy volunteers. Antimicrob Agents 
Chemother 45(7): 2122-2125, 2001.

21. Zhanel GG, Noreddin AM. Pharmacokinetics and 
pharmacodynamics of the new fluoroquinolones: focus 
on respiratory infections. Curr Opin Pharmacol 1(5): 
459-463, 2001.

22. Chien SG, Rogge MC, Gisclon LG. Pharmacokinetic 
profile of levofloxacin following once-daily 500-
miligram oral or intravenous doses. Antimicrob Agents 
Chemother 41: 2256-2260, 1997.

23. Trampuz A, Wenk M, Rajacic Z, Zimmerli W. 
Pharmacokinetics and pharmacodynamics of 
levofloxacin against Streptococcus pneumoniae and 
Streptococcus aureus in human skin blister fluid. 
Antimicrob Agents Chemother 44(5): 1352-1355, 2000.

24. Amsden GW, Graci DM, Cabelus LJ, Hejmanowski 
LG. A randomized crossover design study of the 
pharmacology of extended-spectrum fluoroquinolones 
for pneumococcal infections. Chest 116: 115-119, 1999.

25. Chien SC, Wong FA, Fowler CL. Double-blind 
evaluation of the safety and pharmacokinetics of 
multiple oral once daily 750-milligram and 1-gram 
doses of levofloxacin in healthy volunteers. Antimicrob



Agents Chemother 42: 885-888, 1998.
26. Almeida S, Filipe A, Almeida A, Wong H, Caparros 

N, Tanguay M. Comparative bioavailability of two 
formulations of levofloxacin and effect of sex on 
bioequivalence analysis. Arzneim Forsch Drug Res 
55(7): 414-419, 2005.

27. Fish DN, Chow AT. The clinical pharmacokinetics of 
levofloxacin. Clin Pharmacokinet 32: 101-119, 1997.

28. U.S. Food and Drug Administration. Center for Drug 
Evaluation and Research. Johnson RW. Levofloxacin 
Injection (Levaquin). Application number 020635. 
1996.

29. Langtry HD, Lamb HM. Levofloxacin: its use in 
infections of the respiratory tract, skin, soft tissues and 
urinary tract. Drugs 56(3): 487-515, 1998.

30. Gotfried MH, Danziger LH, Rodvold KA. Steady-state 
plasma and intrapulmonary concentrations of 
levofloxacin and ciprofloxacin in healthy adult subjects. 
Chest 119: 1114-1122, 2001.

31. Rodvold KA, Danziger LH, Gotfried MH. Steady-state 
plasma and bronchopulmonary concentrations of 
intravenous levofloxacin and azithromycin in healthy 
adults. Antimicrob Agents Chemother 47(8): 2450-
2457, 2003.

32. Nakamori Y, Tsuboi E, Narui K. Sputum penetration 
of levofloxacin and its clinical efficacy in patients with 
chronic lower respiratory tract infections. Jpn J Antibiot 
45: 539-547, 1992.

33. Nagai H, Yamasaki T, Masuda M. Penetration of 
levofloxacin into bronchoalveolar lavage fluid. Drugs 
45(3): 259, 1993.

34. U.S. Food and Drug Administration. Levaquin 
Prescribing Information, 2008.

35. Mollinaro M, Villani P, Regazzi MB, Rondanelli R, 
Doveri G. Pharmacokinetics of ofloxacin in elderly 
patients and in healthy young subjects. Eur J Clin 
Pharmacol 43: 105-107, 1992.

36. Lubasch A, Keller I, Borner K. Comparative 
pharmacokinetics of ciprofloxacin, gatifloxacin, 
grepafloxacin, levofloxacin, trovafloxacin and 
moxifloxacin after single oral administration in healthy 
volunteers. Antimicrob Agents Chemother 44: 2600-
2603, 2000.

37. Okazaki O, Kojima C, Hakusui H. Enantioselective 
disposition of ofloxacin in humans. Antimicrob Agents 
Chemother 35(10): 2106-2109, 1991.

38. Chien SC, Chow AT, Natarajan J, Williams RR, Wong 
FA, Rogge MC, Nayak RK. Absence of age and gender 
effects on the pharmacokinetics of a single     500-mg 
oral dose of levofloxacin in healthy subjects. Antimicrob 
Agents Chemother 41(7): 1562-1565, 1997.

39. Flores-Murrietta FJ. Comparative bioavailability of 
levofloxacin in healthy Mexican volunteers. Int J Clin 
Pharmacol Ther 47(4): 283-286, 2009.

40. Zhang L, Li JT, Lu Y, Li MN, Zhang YL, Liu Y, Li 
TY, Zhang JW. Pharmacokinetics of multiple 
intravenous instillation of levofloxacin in Chinese 
healthy subjects. Acta Pharmacol Sin 23(4): 381-384, 
2002.

41. Gisclon LG, Curtin CR, Chien SC. The 
pharmacokinetics (PK) of levofloxacin (LVFX) in 
subjects with renal impairment and in subjects receiving 
hemodialysis or continuous ambulatory peritoneal 
dialysis. 36th Interscience Conference on Antimicrob 
Agents Chemother, 1996 Sept. 15-18.

42. Sowinski KM, Lucksiri A, Kays MB. Levofloxacin 
pharmacokinetics in ESRD and removal by the cellulose 
acetate high performance-210 hemodialyzer. Am J 
Kidney Dis 42(2): 342-349, 2003.

43. Kees F, Hansen E, Bucher M. Pharmacokinetics of 
LVFX in patients during continuous venovenous 
hemofiltration. Antiinfect Drugs Chemother 17(1): 77, 
2000.

44. Malone RS, Fish DN, Abraham E. Pharmacokinetics 
of levofloxacin and ciprofloxacin during continuous 
renal replacement therapy in clinically ill patients. 
Antimicrob Agents Chemother 45(10): 2949-2954, 
2001.

45. Shiba K, Sakai O, Shimada J. Effects of antacids, 
ferrous sulfate and ranitidine on absorption of DR-
3355 in humans. Antimicrob Agents Chemother 36(10): 
2270-2274, 1992.

46. Okimoto N, Niki YSR. Effect of levofloxacin on serum 
concentration of theophylline. Chemotherapy 40(3): 
68-74, 1992.

47. Gisclon LG, Curtin CR, Fowler CL. Absence of a 
pharmacokinetic interaction between intravenous 
theophylline and orally administered levofloxacin 
[abstract no. A39], 35th Interscience Conference on 
Antimicrob Agents Chemother, 1995 Sept. 17-20.

48. Liao S, Palmer M, Fowler CA. Absence of an effect 
of levofloxacin on warfarin pharmacokinetics and

208

Sar›salt›k, Teksin



anticoagulation in male volunteers. [abstract no. A42], 
35th Interscience Conference on Antimicrob Agents 
Chemother, 1995 Sept. 17-20.

49. Gaitonde MD, Mendes P, House ESA. The effects of 
cimetidine and probenecide on the pharmacokinetics 
of levofloxacin (LVFX). [abstract no. A41], 35th 
Interscience Conference on Antimicrob Agents 
Chemother, 1995 Sept. 17-20.

50. Chien SC, Chow AT, Rogge MC. Pharmacokinetics 
and safety of oral levofloxacin in human 
immunodeficiency virus-infected individuals receiving 
concomitant zidovudine. Antimicrob Agents Chemother 
41(8): 1765-1769, 1997.

51. Villani P, Viale P, Signorini L. Pharmacokinetic 
evaluation of oral levofloxacin in human 
immunodeficiency virus-infected subjects receiving 
concomitant antiretroviral therapy. Antimicrob Agents 
Chemother 45(7): 2160-2162, 2001.

52. Amidon GL, Lennernas H, Shah VP, Crison JR. A 
theoretical basis for a biopharmaceutic drug 
classification: the correlation of in vitro drug product 
dissolution and in vivo bioavailability. Pharm Res 12: 
413-420, 1995.

53. Center for Drug Evaluation and Research. Food and 
Drug Administration.  Guidance for Industry: Waiver 
of In Vivo Bioavailability and Bioequivalence Studies 
for Immediate-Release Solid Oral Dosage Forms Based 
on a Biopharmaceutics Classification System. Available 
at: http://www.fda.gov/cder/guidance/3618fnl.pdf. 
Accessed August 2000.

54. Sar›salt›k D. Evaluation of biorelevant media simulating 
stomach and intestine in fed and fasted states for in 
vitro dissolution assessment [dissertation], Ankara 
(Turkey): Gazi University Institute of Health Sciences 
(2008- ). 

55. Pickerill KE, Paladino JA, Schentag JJ. Comparison 
of the fluoroquinolones based on pharmacokinetic and 
pharmacodynamic parameters. Pharmacotherapy 20: 
417-428, 2000.

56. Teksin ZS, Seo PR, Polli JE. Comparison of drug 
permeabilities and BCS classification: three lipid 
component PAMPA system method versus Caco-2 
monolayers, AAPSJ, DOI: 10.1208/s12248-010-9176-
2,2010.

57. Teksin ZS, Polli JE. Performance of A-PAMPA: a 
three lipid PAMPA system and comparing PAMPA 

and Caco-2 permeability, Controlled Release Society-
CRS 2007, p#729, California, USA, July 7-11, 2007. 

58. Artursson P. Epithelial transport of drug in cell cultures: 
Caco-2 and beyond. Pharm Res 14(12): 1655-1658, 
1997.

59. Gan L-SL, Thakker DR. Applications of the Caco-2 
model in the design and development of orally active 
drugs: elucidation of biochemical and physical barriers 
post by the intestinal epithelium. Adv Drug Deliv Rev 
23: 77-98, 1997.

60. Artursson P, Karlsson J. Correlation between oral drug 
absorption in humans and apparent drug permeability 
coefficients in human epithelial (Caco-2) cells. Biochem 
Biophys Res Commun 175: 880-885, 1991.

61. Ingels F, Deferme S, Destexhe E, Oth M, Van den 
Mooter G, Augustijns P. Implementation of the caco-
2 cell culture model as a predictive tool for the oral 
absorption of drugs. In-house evaluation procedures. 
J Pharm Belg 57(6): 153-158, 2002.

62. Volpe DA. Permeability classification of representative 
fluoroquinolones by a cell culture method. AAPS Pharm 
Sci 6(2): 1-6, 2004.

63. Wu CY, Benet LZ. Predicting drug disposition in via 
application of BCS: Transport/ absorption/ elimination 
interplay and development of a biopharmaceutics drug 
disposition classification system. Pharm Res 22(1): 
11-23, 2005.

209

FABAD J. Pharm. Sci., 32, 197-208, 2007


