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The combined systemic and topical administration of voriconazole has successfully been used to treat
keratomycosis. Because no voriconazole eye drop product is commercially available, we prepared a sterile eye
drop solution (10 mg/ml). Voriconazole remains stable over 30 days, providing an eye drop solution suitable

for use for the topical treatment of fungal keratitis.

Voriconazole is a recent triazole antifungal agent that is
highly effective against Aspergillus, Fusarium, and Candida spe-
cies. Furthermore, voriconazole is one of the few drugs active
against Scedosporium apiospermum (10). These fungi may
cause severe keratomycosis, a rare but sight-threatening infec-
tion of the cornea (4).

The conventional management of keratomycosis includes
the local application, with or without systemic administra-
tion, of antifungal drugs. The use of voriconazole for the
treatment of visually devastating disease due to Scedospo-
rium apiospermum has been proposed (7, 14). The treatment
combines the systemic and the topical administration of vori-
conazole (6). More recently, voriconazole has successfully
been used for the treatment of keratitis caused by a variety of
fungi, most commonly, Aspergillus species, Fusarium species,
and Candida species (2, 8, 9, 11).

As is the case for many antimicrobial agents, no voricon-
azole eye drop solution is commercially available. Although
several authors have reported on the potential of voriconazole
for use for topical ophthalmic administration, none of them
focused on the stability or the storage of voriconazole. This
paper describes how we prepared a voriconazole ophthalmic
solution. In addition, we performed a study in order to assess
the stability of this solution over 1 month. Finally, the sterility
of the preparation was evaluated.

On the basis of information available in the literature (8, 9,
11), a 1% (10-mg/ml) voriconazole eye drop solution was pre-
pared by using the branded product: voriconazole powder for
solution for intravenous infusion (Vfend; Pfizer). Voriconazole
powder (200 mg) was reconstituted with 19 ml of water for
injections in order to obtain 20 ml of a 10-mg/ml voriconazole
solution. Sterile filtration through a 0.20-pm-pore-size filter
was then performed. Finally, the voriconazole solution was
packaged in a specific sterile vial for use as an eye drop solu-
tion. In order to keep the solution sterile, reconstitution was
performed according to recommendations for aseptic prepara-
tion.

In order to cure keratomycosis, antifungal eye drops must be
administered over a long period (at least 6 weeks). Although
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the eye drop solution needs to be kept for several days after
preparation for its use by a patient, its stability was unknown.
Therefore, in order to assess the stability of the voriconazole
eye drop solution, three batches of the formulation were stored
for up to 30 days under different projected conditions suitable
for its routine use. Under condition A, the solutions (n = 6)
were kept at room temperature (24 = 3°C) and were not
protected from light (colorless type I glass vial). Under condi-
tion B, the solutions (n = 6) were kept at room temperature
(24 = 3°C) and were protected from light (colored type I glass
vial). Under condition C, the solutions (» = 6) were kept
refrigerated (4 = 2°C) and were protected from light (colored
type I glass vial).

After storage under the different appropriate conditions, the
solutions were inspected visually. An osmolarity assay was per-
formed, and the pH of the solutions was determined. Finally,
the voriconazole contents of the solutions were determined by
high-performance liquid chromatography (HPLC) on days 0, 1,
2,3,7, 10, 15, and 30. A previously described HPLC assay (5)
was used, with minor modifications. Briefly, separation was
performed with a Kromasil C,g column (5 pwm, 150 by 3 mm).
The mobile phase consisted of 0.04 M aqueous phosphate
buffer (pH 6.0) containing 50% (vol/vol) methanol, and the
flow rate was 1 ml - min~'. The retention time of voriconazole
was equal to 7.5 min. The wavelength of the UV absorbance
detector was set at 225 nm. The method was linear over a
concentration range of 0 of 20 pg - ml~ ' (¥ = 0.9997), and the
limit of quantitation of voriconazole was equal to 1.25 pg - ml~'.
The intraday and interday coefficients of variation calculated
with two concentrations were equal to or less than 5.7%. To
ensure that the method can suitably indicate the stability of the
solution, we checked that the decomposition products ob-
tained from the voriconazole solution subjected to severe
stress (100°C, pH 1) did not coelute with the intact drug (12).

Sterility tests were performed by the use of a closed-mem-
brane filtration method (Steritest; Millipore). Samples were
incubated for 14 days, and the results were read daily. Bacterial
growth was determined by visual examination. A test for ste-
rility was performed on days 0 and 30, and the requirements
for sterility were met only when no growth was observed.

The mean recovery of the voriconazole content in the eye
drop preparation was more than 99%, demonstrating that al-
most no drug was lost during preparation. The solution was
clear, and no color was detected just after preparation or
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FIG. 1. Stability of voriconazole eye drop solution under the three
storage conditions, conditions A to C, as described in the text. All
values are the means of six independent determinations * standard
deviations (symbols without bars correspond to values for which the
standard deviation is smaller than the symbol size).

during storage. In addition, the sterility of the sealed prepara-
tion was preserved throughout the storage period.

Whatever storage condition was used, no significant degra-
dation of voriconazole occurred (Fig. 1). Indeed, during the
period of testing, the proportion of the initial voriconazole
concentration remaining was >90%, the limit set by the U.S.
Pharmacopeia (13). Voriconazole was stable under regular
storage temperatures (+4°C and room temperature). Further-
more, exposure to light did not cause the degradation of vori-
conazole.

During storage, the pH of the voriconazole solution re-
mained stable (7.0 = 0.1), and no significant variation in the
osmolarity occurred (562 = 10 mosmol/liter). These results
indicate that the voriconazole in the solution is chemically
stable for at least 30 days, and the amount of intact drug
remaining suggests that the microbiological activity of the so-
lution is preserved.

The parenteral formulation of the commercial product
(Vfend) contains a new excipient, sulfobutylether-B-cyclodex-
trin sodium (SBEBCD), that enhances the solubility of vori-
conazole. Cyclodextrin facilitates the formulation of the eye
drop solution and improves its clinical properties (1). SBEBCD
has already been used for ocular drug delivery, with success, at
final concentrations ranging from 5 to 15% (1). The SBEBCD
concentration in our eye drop solution was equal to 160 mg/ml,
leading to a hyperosmolar ophthalmic solution compared to
the physiological osmolarity of tears. Nevertheless, several
anti-infectious eye drop preparations commonly used to treat
infectious keratitis have similarly high osmolarities (3) but do
not cause significant side effects. Therefore, the osmolarity of
our preparation was considered to be safe and compatible with
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ocular administration. Finally, the voriconazole preparation
provided a neutral pH solution close to the physiological pH of
tears (about 7.4); because tears have a wide buffering capacity,
no pH adjustment was made.

The recent increasing use of topical voriconazole by patients
with severe keratomycosis raises the issue of eye drop stability
and storage. Several authors recommend that topical voricon-
azole solution be kept refrigerated for no longer than 48 h, as
recommended by the manufacturer (2, 9). These storage con-
ditions are highly constraining, in particular, for outpatient
treatment. Therefore, according to the findings of this work,
the stability of the voriconazole eye drop solution prepared
under our conditions could be extended to up to 30 days.

We thank Regis Lubat for helpful discussions.
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