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Abstract

Purpose: To study the aqueous and vitreous penetration of ciprofloxacin after prolonged acute topical administra-
tion and to investigate the effects of inflammation on drug penetration. Methods: A standardized model of intraocular
infection after penetrating injury was made in the right eyes of eight rabbits. The intact left eyes were maintained as
the control. Two drops of ciprofloxacin 0.3% eyedrops were instilled topically every 1 h for 7 h to all eyes of the
rabbits. Aqueous and vitreous samples (100 pl) were obtained half an hour after the last drop. Instillation was
continued for 7 h more and samples were obtained as before. Drug concentrations were measured using HPLC.
Results: The mean aqueous humor levels of ciprofloxacin were: in control eyes 1.31 +0.78 pg/ml after 7 h and
1.85 +1.69 pg/ml after 14 h of instillation; in inflamed eyes 2.18 + 1.02 pg/ml after 7 h and 2.91 +2.12 pug/ml after
14 h. The mean vitreous humor levels were: in control eyes 0.65 + 0.44 pg/ml after 7 h and 0.72 + 0.8 pg/ml after 14
h of instillation; in inflamed eyes 0.67 +0.77 pg/ml after 7 h and 1.01 +0.43 pg/ml after 14 h. However, the
differences among the groups were not significant (P > 0.05). Conclusions: Ciprofloxacin penetration into aqueous
humor was higher in 14-h topical application than that for 7 h. Inflammation increased the penetration of topical
ciprofloxacin into aqueous while administered for 7 h and into both aqueous and vitreous humor while administered
for 14 h. © 2000 Elsevier Science B.V. All rights reserved.
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ministration of antimicrobial eyedrops are usually
included.

Ciprofloxacin is a fluoroquinolone antibiotic
that has demonstrated in vitro activity against
Staphylococcus and Bacillus species and most
gram-negative organisms including Pseudomonas
species (Neu, 1991). It has been suggested as a
possible agent in the treatment and prevention of
endophthalmitis (El Baba et al., 1992; Lesk et al.,
1993).

There are several reports on the aqueous humor
levels of ciprofloxacin after topical administration
(O’Brain et al., 1988; Hobden et al., 1990; Don-
nenfeld et al., 1994; Leeming et al., 1994; Behrens-
Baumann, 1996; Kalayci et al., 1996), but there
has been no study on the aqueous and vitreous
penetration of ciprofloxacin after long-term topi-
cal administration and the effects of inflammation
on ciprofloxacin penetration. The prolonged use
and inflamed eye are more realistic models for
studying intraocular penetration of topically ad-
ministered antibiotics. It will be a potentially use-
ful contribution if a topically applied antibiotic
achieves a therapeutic concentration in the
aqueous and vitreous humor in such conditions.

The present study has been designed to investi-
gate the aqueous and vitreous humor penetration
of topical ciprofloxacin after hourly administra-
tion for 7- and 14-h intervals in both inflamed and
noninflamed rabbit eyes.

2. Materials and methods

Eight New Zealand albino rabbits of both sexes
weighing between 2 and 3 kg were used in accor-
dance with the ARVO Resolution on the Use of
Animals in Research. The rabbits were anes-
thetized with an intramuscular injection of a 50:50
mixture of xylazine hydrochloride (10 mg/kg) and
ketamine hydrochloride (30 mg/kg). To further
reduce discomfort, the eyes were anesthetized us-
ing one to two drops of an oxybuprocaine
(Benoxinate®). In the right eyes of all the rabbits,
a standardized model of posterior penetrating oc-
ular trauma was made and then repaired, similar
to described by Cleary and Ryan (1979). Briefly,
after a 360° peritomy, a # 11 blade was used to

make a 5-mm laceration 2.5-mm posterior to the
limbus. Prolapsing vitreous was excised and the
wound was closed with interrupted 6-0 vicryl su-
tures, using microsurgical technique. Intraocular
infection was induced by a midvitreous injection
of 10* c¢fu/0.1 ml of American Type Culture Col-
lection 25923 isolates of Staphylococcus aureus in
the right eye of each rabbit under direct ophthal-
moscopic control (Oztiirk et al., 1999).

The animals were examined clinically at 4, 8,
12, 16 and 24 h after inoculation using biomi-
croscopy and indirect ophthalmoscopy. Inflam-
mation of the vitreous cavity was assessed and
graded by a masked observer (FO) according to a
scale adopted from Peyman et al. (1975): 0, vit-
reous clear; 1, mild vitreal haze, good red reflex;
2, moderate vitreal haze, partial red reflex; and 3,
total opacification of vitreous cavity, no red
reflex. At each examination, animals were as-
sessed three times, and an average of the three
observations was used as the final grade. We
ensured that all the animals inoculated developed
grade 3 vitritis, characterised by obscuring of the
posterior pole at 24 h.

Twenty-four hours after S. aureus inoculation,
topical two drops of 0.3% ciprofloxacin (Ciloxan,
Alcon) were administered to all eyes of the rabbits
hourly, for 7 h. Aqueous and vitreous samples
(100 pl) were obtained half an hour after the last
drop. Instillation was continued for 7 h more and
samples were obtained as before. The intact left
eyes were maintained as the control. They were
stored at —20° until analysis. Drug concentra-
tions were measured using high-pressure liquid
chromatography analysis (Basci et al., 1996).

Results are expressed as the mean + S.D. Statis-
tical analysis was done using the Wilcoxon rank
sum test for comparison of 7- and 14-h values,
Kruskal-Wallis one-way analysis of variance and
Mann—Whitney U-tests for comparison between
inflamed and control values. A P-value of <0.05
was considered statistically significant.

3. Results

Mean concentrations of ciprofloxacin in
aqueous and vitreous humor for the study groups



F. Oztiirk et al. / International Journal of Pharmaceutics 204 (2000) 97100 99

are listed in Table 1. Ciprofloxacin level in
aqueous humor after 7-h instillation was higher
than the 90% minimum inhibitory concentrations
(MICy;) of most common microorganisms re-
sponsible for endophthalmitis.

Aqueous and vitreous levels of ciprofloxacin in
control eyes and inflamed eyes at 14 h were higher
than those at 7 h. Mean aqueous levels of
ciprofloxacin in inflamed eyes at 7 and 14 h and
mean vitreous levels in inflamed eyes at 14 h were
higher than those in control eyes. However, the
differences among the groups were not significant
(P >0.05).

4. Discussion

To our knowledge, the penetration of
ciprofloxacin after prolonged use for more than 6
h and the effects of intraocular inflammation on
the penetration of topical ciprofloxacin into the
eye have not been reported in the literature. In
this study we found that the levels of
ciprofloxacin in aqueous humor after 7-h instilla-
tion was higher than the MIC,, of most common
microorganisms responsible for endophthalmitis
(S. epidermidis, S aureus, Pseudomonas species, B.
cereus) (Neu, 1991). Prolonged acute use (14 h)
and inflammation increased the penetration of
ciprofloxacin into the eye. However, this increase
was not statistically significant. This may be due
to the small size of the treatment group.

O’Brain et al. (1988) instilled six doses of

Table 1

Ciprofloxacin levels (pg/ml) in aqueous and vitreous humor
after topical instillation hourly for 7 and 14 h into the control
and inflamed rabbit eyes®

Aqueous humor Vitreous humor

7h 14 h 7h 14 h

Control 1.314+0.78 1.85+1.69 0.65+0.44 0.72 4+ 0.80
Inflamed 2.18 £1.02 2.91+2.12 0.67+0.77 1.01 £0.43

# Concentrations of ciprofloxacin are given in pg/ml,
mean + S.D., n =8 for each control and inflamed group.

ciprofloxacin 0.3% into intact rabbit eyes at 30-
min intervals and found the drug concentration in
the aqueous humor as 4.82 +2.15 pg/ml 30 min
after the last dose administered. In another study,
topical ciprofloxacin 0.75% was instilled to the
rabbit eyes with an intact epithelium one drop
every 15 min for 1 h followed by aqueous humor
sampling 1 h later (Hobden et al., 1990). The
aqueous humor level was found to be 4.2+ 1.1
pg/ml. Leeming et al. (1994) instilled one drop of
ciprofloxacin 0.3% into human eyes at 60-min
intervals. In this study, drug concentration in the
aqueous humor 10-60 min after the last dose
administered was found to be 0.2 pg/ml. Kalayct
et al. (1996) reported that instillation of five doses
of ciprofloxacin 0.3% into human eyes at 15-min
intervals and nine doses of ciprofloxacin 0.3% into
human eyes at 30-min intervals for 6 h yielded
drug concentrations in the aqueous humor of
2.42 +1.42 pg/ml 30 min after the last dose ad-
ministered. Donnenfeld et al. (1994) have found
the penetration of topical ciprofloxacin as 0.072
pg/ml into human aqueous humor by applying
two drops two times half hourly. According to
these results, the penetration of ciprofloxacin
seems to be proportional to the frequency and
duration of application. Different drug adminis-
tration regimens, variable time periods between
drug application and aqueous humor sampling
and different assay procedures may affect these
results (O’Brain et al., 1988; Hobden et al., 1990;
Donnenfeld et al., 1994; Leeming et al., 1994,
Behrens-Baumann, 1996; Kalayct et al., 1996).
Furthermore, a species difference in the penetra-
tion of ciprofloxacin may exist.

Our study showed that topical instillation of
ciprofloxacin is able to penetrate into vitreous
humor, although in levels lower than the aqueous
humor. Similarly, Behrens-Baumann and Martell
(1988) reported the concentration of ciprofloxacin
in the vitreous was near the detection limit follow-
ing one dose of 1 mg subconjunctival injection. In
our study, the mean vitreous drug concentrations
exceeded the MIC,, of some ocular pathogens
such as S. epidermidis, S. aureus, Pseudomonas
aeruginosa, and Proteus mirabilis (Neu, 1991). The
clinical importance of this penetration is un-
known. The increased penetration of ciprofloxacin
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into the eye in long-term topical instillation and in
inflammation may be due to an increase in pene-
tration via corneal and noncorneal routes (Doane
et al., 1978; Ahmed and Patton, 1985; Ueno et al.,
1994; Olsen et al., 1998).

Our results showed that topical ciprofloxacin
0.3% with prolonged use achieved aqueous humor
levels above the MIC,, for common ocular patho-
gens. Higher aqueous concentrations of cipro-
floxacin were obtained with prolonged use and in
the presence of inflammation and also with higher
vitreous concentrations.
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