
CLINICAL INVESTIGATION

Penetration of topically applied levofloxacin 0.5% and ofloxacin
0.3% into the vitreous of the non-inflamed human eye

Tuomo Puustjärvi & Markku Teräsvirta &

Piia Nurmenniemi & Jukka Lokkila & Hannu Uusitalo

Received: 5 February 2006 /Revised: 17 April 2006 /Accepted: 22 April 2006 / Published online: 20 May 2006
# Springer-Verlag 2006

Abstract
Background The aim of the study was to evaluate the
vitreous penetration of two commercially available
ophthalmic fluoroquinolones: ofloxacin and levofloxacin.
Methods This prospective, double-blind, randomized clini-
cal trial comprised 16 patients scheduled for vitrectomy
surgery of one eye for macular hole or macular pucker. The
patients were randomly assigned to receive topical oflox-
acin 0.3% (n=9) or levofloxacin 0.5% (n=7) the day before,
one drop at noon, 4 p.m., 8 p.m. and midnight. The next
morning, patients were given their assigned masked
antibiotic every 5 min for four doses starting 1 h before
surgery. The vitreous humour samples, at least 0.3 ml each,
were collected 1 h after the administration of the last dose,
at the beginning of the pars plana vitrectomy with infusion
disconnected. Samples were assayed for ofloxacin and
levofloxacin concentrations by a method using high-
performance liquid chromatography (HPLC) coupled with
single mass spectrometry with electrospray ionization
(ESI-MS).

Results Equal topical administration of levofloxacin
yielded 2.5 times higher vitreal concentration than oflox-
acin. The mean vitreous concentrations of ofloxacin and
levofloxacin were 5.30±3.04 (SD) ng/ml and 13.09±
5.24 ng/ml, respectively (P=0.002).
Conclusion Equal dosing with topical administration of
levofloxacin 0.5% and ofloxacin 0.3% allows better
penetration into the vitreous for levofloxacin, but the levels
of mean concentrations of each drug did not exceed the
MIC(90) or MIC(50) for most ocular pathogenic bacteria in
terms of conventional endophthalmitis therapy.
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Introduction

Ofloxacin is a racemic, fluorinated carboxyquinolone, and
its antibacterial activity resides primarily in the L-isomer.
Levofloxacin is the L-isomer of this ofloxacin racemate
[7, 19]. Both of these fluoroquinolones are well established
representative ophthalmic antibiotics with ofloxacin classi-
fied in the second- and levofloxacin in the third-generation
[18]. Their great efficacy against the most frequent Gram-
positive and Gram-negative ocular pathogenic bacteria have
made these fluoroquinolones an excellent initial choice for
the topical therapy of external ocular infections [2, 5, 14,
20, 21, 23]. Pharmacokinetic characteristics such as low
molecular weight, lipophilic properties for better corneal
permeability and intraocular uptake [8, 22] have raised
interest in using fluoroquinolones for prevention of post-
operative endophthalmitis [11, 24].

Although ofloxacin and levofloxacin are nearly identical
in molecular weight and lipophilicity and almost equal in
corneal permeability, a more than fivefold difference in

Graefe’s Arch Clin Exp Ophthalmol (2006) 244:1633–1637
DOI 10.1007/s00417-006-0360-0

This study was supported financially in part by Santen Oy, Tampere,
Finland.

T. Puustjärvi (*) :M. Teräsvirta : P. Nurmenniemi
Department of Ophthalmology, Kuopio University Hospital,
P.O. Box 1777, 70211 Kuopio, Finland
e-mail: tuomo.puustjarvi@kuh.fi

J. Lokkila
Analytical Development Laboratory,
Santen Oy, Tampere, Finland

H. Uusitalo
Department of Ophthalmology,
University of Kuopio and Kuopio University Hospital,
Kuopio, Finland



aqueous solubility of levofloxacin predicts higher concen-
trations for levofloxacin in aqueous humour [8, 22]. Greater
water solubility also makes it possible to formulate
eyedrops with a higher concentration of levofloxacin
(i.e. 0.5%) than of ofloxacin (0.3%). Two studies on human
corneal penetration of ofloxacin and levofloxacin indicated
that levofloxacin concentrations were approximately twice
as high as those of ofloxacin in aqueous humour after
topical administration [10, 13].

Data on intravitreal penetration of ofloxacin and levo-
floxacin after topical administration in humans are scant,
and there are only a few reports on intravitreal concen-
trations of ofloxacin and none of levofloxacin (Table 1).
The purpose of the present study was to compare, as a one-
time-point measurement, the penetration of ofloxacin and
levofloxacin into the vitreous in uninflamed eyes.

Subjects and methods

Patients

Sixteen patients for vitrectomy surgery of one eye for
macular hole or macular pucker were recruited between
March and August 2005. The mean age of the seven
women and nine men was 67.9±7.7 (SD) years. The study
protocol was in compliance with the Declaration of
Helsinki, and after approval from the local ethics commit-
tees, written informed consent was obtained from the

patients enrolled. Included were generally healthy patients
of either gender, aged from 40 to 80 years. Exclusion
criteria were sensitivity to fluoroquinolones, diabetes, renal
disease, liver disease, and infective as well as malignant
diseases. From the ophthalmic aspect, excluded were
patients with glaucoma, ocular infections or inflammations,
previous or other contemporaneous ocular surgery, any
corneal pathology and sequelae from ocular traumas. In
addition, patients were not allowed to use any systemic
antibiotics or topical ophthalmic medications.

Medications

The patients were randomly assigned to receive masked
topical ofloxacin 0.3% (Exocin, Allergan, Westport, County
Mayo, Ireland) (n=9) or levofloxacin 0.5% (Oftaquix,
Santen, Tampere, Finland) (n=7) one drop at a time and
eight drops in all before surgery (Fig. 1).

Before the procedure the pupil was maximally dilated with
a combination of phenylephrine 5% (Oftan Metaoxedrin,
Santen) and tropicamide 0.8% (Oftan Tropikamid, Santen), as
well as cyclopentolate 1% (Oftan Syklo, Santen).

Surgery and samples

All the operations were performed under general anaesthesia.
The eye was washed using povidone-iodine 5% ophthalmic
solution. At the initiation of the surgery, a pars plana

Table 1 Summary of previous clinical investigations: penetration of topically applied ofloxacin and levofloxacin into human vitreous humour

Reference Patients Dosage Drug concentration in
vitreous humour (μg/ml)a

Ofloxacin 0.3%
Donnenfeld [6] (Ocuflox) 10 penetrating keratoplasty +

vitrectomy
2 drops every 30 min 4 h before surgery
(18 drops)

0.37 (range, 0.05–0.90)b

Cekic [4] (Ocuflox) 14 vitrectomy 2 drops every 30 min for first 3 h and every
60 min for next 3 h (20 drops)

0.37±0.05 SEM

Yalvac [25] (Exocin) 8 cataract (eyes with unintended
vitreous loss)

1 drop every 15 min for 1st hour and every
30 min 3 times before surgery (8 drops)

0.46±0.10 SD

Levofloxacin 0.5%
(Quixin, Oftaquix)

No reports

aSD, standard deviation; SEM, standard error of mean
bNot recorded whether SD, SEM, or SE

Fig. 1 Time schedule for instillation of examination drops
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sclerotomy was done with a V-Lance Knife (20G, Alcon
Surgical, Huntington, WV, USA). Vitreous humour samples
of at least 0.3 ml each were collected 1 h after the
administration of the last dose, at the beginning of the pars
plana vitrectomy with infusion disconnected. For obtaining
the vitreous fluid, a vitrector (Accurus, Alcon Laboratories,
TX, USA) was used with a suction tube connected to a
manually adjusted 2 ml aspiration syringe. The sample was
placed into a cryogenic Eppendorf tube (Eppendorf Nordic,
Horsholm, Denmark), and then immediately taken to the
laboratory to be stored at a temperature below −20°C until
analysis was performed. Each tube was marked with a
patient identification number and a code which indicated the
antibiotic that had been randomly assigned to the patient.
The analyses of the concentrations of ofloxacin and
levofloxacin in the vitreous humour were performed at
Santen Oy Analytical Development Laboratory in Tampere,
Finland.

Quantitation analysis

Levofloxacin/ofloxacin and added internal standard (lome-
floxacin) were determined in vitreous humour samples by
using high-performance liquid chromatography (HPLC)
coupled with single quad mass spectrometry with electro-
spray ionization (ESI-MS). Positive mode ionization and
selected ion monitoring (SIM) was used for the sample
analysis. Mass ions of m/z 318 ([M+H−CO2]

+) and m/z
352 ([M+H]+) were monitored for levofloxacin/ofloxacin
and internal standard, respectively. Antibiotics were sepa-
rated at ambient temperature on a 2.0 mm ID×50 mm
length, 3.0 μm particle size Gemini C18 column (Phenom-
enex, Torrance, CA, USA). A flow rate of 0.2 ml/min was
used in isocratic separation. Mobile phase contained 30%
methanol and 70% 10 mM ammonium acetate and 0.07%
glacial acetic acid. A 200 μl aliquot of vitreous humour to
be assayed was spiked with internal standard and diluted
with 300 μl of acidic solution. The sample was then placed

in a multitube vortexer for 5 min (2600 rpm) and
centrifuged for 10 min (3000 rpm). A 20-μl aliquot of
supernatant was injected into HPLC/MS system. The ratio
of the intensities of the chromatographic responses for
levofloxacin/ofloxacin and the internal standard were used
to calculate the levofloxacin/ofloxacin concentrations in
unknown vitreous humour samples using calibration curve.
The calibration curve was generated from the analysis of a
drug-free, pig-origin, vitreous humour matrix fortified with
various amounts of levofloxacin/ofloxacin and a fixed
amount of the internal standard. The calibration curve
range for levofloxacin/ofloxacin is from 0.5 ng to 25 ng per
millilitre of vitreous humour.

The analytical method used is not enantioselective and is
therefore incapable of separating L- and D-isomers of
ofloxacin. L- and D-isomers are seen as a single peak in the
chromatogram when ofloxacin sample is analysed. Intensi-
ties of chromatographic responses for levofloxacin and
ofloxacin are identical, as is their chromatographic behav-
iour, when the current HPLC system with MS detection is
used for the sample analysis. This means that equal results
are achieved for the levofloxacin and ofloxacin samples
containing equivalent concentrations.

Statistical analysis

Statistical comparison of the mean concentrations of the
two groups was performed using a two-sided t test with
Levene’s test for equality of variances. The analysis was
based on a non-normal distribution of the data. The level of
statistical significance was set at P<0.05.

Results

Equal topical administration of levofloxacin yielded a
concentration of fluoroquinolone in the vitreous approxi-
mately 2.5 times higher than that of ofloxacin (P=0.002).
The mean vitreous concentrations of ofloxacin and levo-
floxacin were 5.30±3.04 (SD) ng/ml and 13.09±5.24 ng/ml,
respectively (Fig. 2). All the samples exceeded the lowest
detectable level in the quantitation assay.

Discussion

Ofloxacin and levofloxacin as representatives of the second
and the third generation of fluoroquinolones have an
established position in the therapy of external ocular
infections and perioperative infection prophylaxis. It has
been demonstrated that ofloxacin is effective in sterilizing
the external ocular adnexa by eliminating bacteria in the
conjunctiva and lids [1, 12], which strengthens the

Fig. 2 Mean (SD) vitreous concentrations of ofloxacin and levofloxacin
achieved after topical administration
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usefulness of fluoroquinolones as perioperative antibiotics
reducing the risk of infections following intraocular surgery
[11, 15, 16, 24]. In addition, on the basis of their good
water solubility and lipophilicity [8, 22], many fluoroquin-
olones are prone to penetrate intraocularly. As it has been
shown that levofloxacin penetrates into the aqueous at
approximately twice the concentration of ofloxacin [10,
13], one can assume that levofloxacin penetrates similarly
into the vitreous. Furthermore, because levofloxacin con-
sists of only the active L-isomer of the D- and L-racemate
ofloxacin, all of the levofloxacin antibiotic found in the
anterior chamber is in an active form. Therefore, the actual
aqueous concentration of levofloxacin in active compound
can be 3.5–4 times that of ofloxacin. The difference in
aqueous concentrations is partly due to a higher antibiotic
content of the commercially available levofloxacin eyedrop
(0.5% vs 0.3%) [13]. The higher antibiotic concentration in
the aqueous fluid may be the cause of a higher concentra-
tion in the vitreous humour. It has been also shown that
multiple and tightly repeated or pulse dosing results in
higher intraocular levels of fluoroquinolone antibiotics
[3, 4, 6]. Although inside the eye the aqueous flow takes
place from the posterior chamber to the anterior one,
diffusion of the drug into the vitreous body correlates
positively with the concentration gradient.

To the best of our knowledge, there are no published data
on levofloxacin penetration into the human vitreous from a
0.5% ophthalmic solution. The dosing of the fluoroquino-
lones we used in the present study is in accordance with the
regimen we follow in routine practice to eradicate microbes
from the external parts of the eye preoperatively. The
laboratory measurements showed that the amounts of each
antibiotic penetrating into the vitreous are very slight,
measured in nanograms rather than micrograms. Notwith-
standing, the determined concentrations in the vitreous
humour clearly showed a 2.5 times higher level for
levofloxacin than for ofloxacin. The concentrations were,
however, relatively low and well under the MIC(90) and
MIC(50) values of most ocular pathogenic bacteria. The
higher vitreous ofloxacin levels after topical instillation
reported by Donnenfeld et al. may be due in part to the
fact that all the 10 study patients had been previously
operated on for cataract and had a defect of the posterior
capsule [6], and in part to a pulse-type dosing of antibiotic.
A relatively high concentration of ofloxacin determined by
Yalvac et al. from the vitreous samples obtained during
cataract surgery with accidental vitreous loss may also relate
to a contamination of vitreous samples with aqueous [25]
(see also Table 1).

In a report by Hariprasad et al., topical application of
moxifloxacin, a fourth-generation fluoroquinolone, every 6 h
for 3 days yielded the levels of 0.88±0.88 μg/ml and 0.06±
0.06 μg/ml in the aqueous and the vitreous humour,

respectively [9]. In the same report, when the instillation
interval was shortened to 2 hours, mean±SD moxifloxacin
concentrations achieved 2.28±1.23 μg/ml and 0.11± 0.05 μg/
ml in the aqueous and the vitreous humour, respectively.

Although MIC(90) values were far exceeded in the
aqueous for a wide spectrum of pathogens in both instillation
regimens, concentrations of moxifloxacin in the vitreous did
not achieve the MIC(90) levels for several organisms [9]. In
the present study, the mean vitreous concentrations of both
tested fluoroquinolones did not exceed the minimum
inhibitory concentrations—MIC(90) or MIC(50)—for most
ocular pathogenic bacteria in terms of conventional endoph-
thalmitis therapy [17]. The different dosing schemes used in
the study by Hariprasad et al. and in the present study make
it difficult to compare exact differences in the ocular
penetration of these fluoroquinolones.
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