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Abstract 0 This study was designed to examine the effect of
benzalkonium chloride/ethylenediaminetetraacetic acid (BAK/EDTA) on
the ocular bioavailability (Focular) of ketorolac tromethamine after ocular
instillation to normal and de-epithelialized corneas of rabbits both in vitro
and in vivo. The in vitro Focular of the formulations was measured in
flow-through perfusion chambers. For in vivo studies, a 35 µL dose of
0.5% ketorolac tromethamine with or without BAK/EDTA was instilled
into rabbit eyes with intact or de-epithelialized corneas. At 0.5, 1, 2, 4,
6, and 8 h postdose, rabbits were euthanized, and the corneas and
aqueous humor were collected from both eyes. The ketorolac concentra-
tions from both in vivo and in vitro samples were quantified by reversed-
phase high-performance liquid chromatography. The in vitro study results
indicated that BAK/EDTA statistically significantly increased the Focular of
ketorolac through de-epithelialized corneas but not through intact corneas.
The in vivo study results showed that BAK/EDTA had no effect on the
Focular of ketorolac in rabbits with intact corneas, based on the values of
the area under the aqueous humor concentration versus time curves
(AUC0-6h) of ketorolac. As expected, de-epithelialization of the corneas
produced a faster and greater ocular absorption of ketorolac as evidenced
by the smaller Tmax and larger AUC values compared to those for the
intact corneas in vivo. However, BAK/EDTA decreased the ocular
absorption of ketorolac in rabbits with de-epithelialized corneas. The
half-lives (t1/2) of ketorolac in corneal tissue and aqueous humor were
longer in rabbits with intact corneas than those in rabbits with de-
epithelialized corneas. In conclusion, the in vivo Focular of ketorolac was
not altered by BAK/EDTA in rabbits with intact corneas, but it was
decreased by BAK/EDTA in rabbits with de-epithelialized corneas.
Therefore, the formulation with ketorolac alone may be better as a post-
operative ocular analgesic.

Introduction
Steroids are used in the treatment of allergic ocular

disorders, corneal burns, uveal tract inflammation, and other
ocular inflammations, but their use is limited by their
tendency to increase intraocular pressure and to cause
cataracts upon chronic administration.1 The advantage of
nonsteroidal anti-inflammatory drugs (NSAIDS) is that they
do not increase intraocular pressure.2
Ketorolac tromethamine is a potent NSAID, which is an

effective treatment for postoperative inflammation in eyes.
It is nonirritating when topically administered to eyes at
concentrations of up to 0.5% and does not increase intraocular
pressure.3 The corneal epithelium is often damaged during
ocular surgery, and alterations of the corneal epithelium have
been shown to influence the corneal permeability of various
compounds. Also, preservatives such as benzalkonium chlo-
ride (BAK) are known to enhance the corneal permeability of
ketorolac in vitro.2 Therefore, the objective of this study was

to evaluate the effect of BAK/ethylenediaminetetraacetic acid
(EDTA) (both known corneal penetration enhancers) on the
ocular bioavailability of ketorolac following ocular instillation
to both intact and de-epithelialized corneas of rabbit eyes.

Experimental Section
Ophthalmic solutions of 0.5% ketorolac tromethamine (pH 7.4) with

or without 0.01% benzalkonium chloride/0.1% EDTA were provided
by Allergan (Irvine, CA).
Female New Zealand albino rabbits weighing between 2 and 3.5

kg were obtained fromMyrtle’s Rabbitry (Thomson Station, TN). The
rabbits were quarantined for at least 1 week upon arrival and
examined for clinically normal eyes. The rabbits were individually
housed with food and water provided ad libitum.
In Vitro StudiessCorneal DissectionsThe rabbits were eutha-

nized with Eutha-6 (Western Medical Supply Co. Inc., Arcadia, CA).
The corneal epithelium was removed by careful scraping of the
cornea’s surface with a scalpel blade until the stroma was exposed.
De-epithelialization was confirmed by microscopic examination of

the corneas after scraping. The eyes were then enucleated, and the
corneas were excised. The freshly-excised corneas were mounted in
flow-through perfusion chambers as previously described.3
Dosing and SamplingsGlutathione-enriched bicarbonate Ringer’s

solution (GBR) was added to the receiver chamber4 and bubbled with
O2/CO2 (95%/5%). One hundred fifty microliters of the 0.5% ketorolac
tromethamine formulation was instilled into the donor chamber inflow
line followed by 100 µL of blank GBR. One minute after dosing, blank
GBR buffer was infused into the donor chamber at a flow rate of ∼28
µL/min. The donor effluent was collected over four 60 min intervals,
and the volume and drug concentrations were measured. Samples
of 100 µL were collected with replacement from the receiver chamber
at 15, 30, 45, 60, 90, 120, 150, 180, 210, and 240 min postdose. The
ketorolac concentrations in all samples were quantified by HPLC. At
the end of the experiment the corneas were weighed, soaked in 1 mL
of methanol overnight, dried at 120 °C, and reweighed. The corneal
hydration was calculated, and the methanol extracts were assayed
for ketorolac content by HPLC.
In Vivo StudiessDe-epithelialization of CorneassRabbits were

anesthetized with ketamine (Ketaset; Fort Dodge Labs, Fort Dodge,
IA) and xylazine (Xylazine; American Animal Health; Wisner, NE).
One drop of proparacaine (Opthetic; Allergan Inc., Irvine, CA) was
topically applied to the cornea of the left eye. The corneal epithelium
of the left eye was removed by scraping of the cornea’s surface with
a scalpel blade until the stroma was exposed. The right eye was used
intact. For another set of animals, both eyes were scraped.
Animal Dosing and Tissue CollectionsOne 35 µL drop of 0.5%

ketorolac tromethamine ophthalmic formulation with or without BAK/
EDTA was instilled into the lower cul-de-sac of each eye after the
animals recovered from the general anesthesia. The upper and lower
eyelids were gently held closed for ∼10 s to maximize drug-cornea
contact. At 0.5, 1, 2, 4, 6, and 8 h postdose, six rabbits each were
euthanized, after which the cornea and aqueous humor were collected
and each stored in amber glass tubes containing 1 mL of methanol.
All samples were stored at -20 °C until analysis. Additional rabbits
(two rabbits per formulation) were treated with placebo formulations
with or without BAK/EDTA, and tissues were taken at 2 h postdose.
HPLCAnalysissThe methanol extracts were centrifuged at 1500g

for 15 min, and the supernatants were dried and reconstituted in
mobile phase for HPLC analysis. A Beckman pump Model 126 (San
Ramon, CA) was used to deliver the mobile phase at a flow rate ofX Abstract published in Advance ACS Abstracts, March 1, 1996.
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well with the corneal tissue half-lives of ketorolac, suggesting
that the corneal epithelium may be acting as a reservoir for
drug accumulation, similar to the situation reported for
ketorolac22 and pilocarpine.23 Thus the longer half-lives
observed in rabbits with intact corneas may be due to a
continued flux of drug into the aqueous humor from the
corneal reservoir as previously reported.22,23
Our results indicate that the corneal epithelium is impor-

tant in the elimination/loss of drug from the anterior chamber.
It has been reported that the mean half-life of [14C]ketorolac
in the anterior chamber after intracameral injection to rabbits
with intact corneas was 2.1 h.22 In this study, the mean half-
lives of ketorolac in aqueous humor after ophthalmic admin-
istration to rabbits with de-epithelialized corneas were much
shorter (0.594-0.746 h). It is likely that, once the drug
reaches Cmax in the aqueous humor, it may diffuse back
through the cornea. This would lead to a more rapid elimina-
tion of ketorolac from the aqueous humor of rabbits with de-
epithelialized corneas than that observed after intracameral
injection where the corneal epithelium of rabbits was still
intact.22
In conclusion, BAK had no effect on the ocular absorption

of ketorolac in intact corneas in vivo. The ocular absorption
of ketorolac was increased by de-epithelialization of the
corneas in vivo, but it was decreased by BAK. Therefore, the
formulation with ketorolac alone may be better as a postop-
erative ocular analgesic. This result is unexpected and should
be of interest to ophthalmic formulators.
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