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ABSTRACT

Purpose/Aims: Infectious keratitis is a major cause of visual impairment and blindness
worldwide. Common difficulties in treating fungal keratitis prompt new therapeutic
possibilities. In this study, intrastromal voriconazole and posaconazole, and topical

posaconazole, were tested for their potential to obtain therapeutic cornea concentrations.

Materials and Methods: Pharmacokinetics of triazole intracorneal/eye drop administration
was studied in rats. Sixty-two rats were treated either by voriconazole or posaconazole.
Twenty-nine and 33 rats received intrastromal injection of voriconazole solution (1pl, 10
mg/ml) and posaconazole solution (1pl, 18 mg/ml), respectively, administered under
microscopic examination with a 32 gauge needle in the left cornea. Posaconazole (1.8%
solution) eye drops were used. Cornea and plasma concentrations were determined
using 2D HPLC separation and tandem MS, at 30 min, 3 h, 6 h, 24 h, 48 h, 72 h, and 144
h (6 days) post-intrastromal injection. The entire rat cornea was used for

chromatography analyses.

Results: In anesthetized rats, single intracorneal injection resulted, after 30 min, in
respectively >300 ng/mg and >260 ng/mg cornea concentrations, dropping to low levels
within hours, while staying low in plasma. The effect of hourly posaconazole eye drops

resulted in >10 ng/mg cornea concentration, which was maintained with instillations every 2



and then every 4 hours.

Conclusion: Our results show that there is little interest of intrastromal triazole administration
due to the short duration of high cornea concentrations obtained after intracorneal injection.
Posaconazole eye drops maintain therapeutic cornea concentrations in rats and could be used

to treat severe infectious keratitis.

ARTICLE

Introduction

Infectious keratitis is a major cause of visual impairment and blindness worldwide,
prompting new therapeutic possibilities. Appropriate data on ocular concentrations of anti-
infectious agents, which may be extrapolated from in vitro studies of microorganism
sensitivities, may be indicative of clinical efficacy. While eye drops are generally used as first
line therapy, some agents are administered intrastromally, i.e. intracorneally, in order to
obtain elevated cornea concentrations, without having to use toxic systemic doses.'
Intrastromal injections may be used to treat severe infectious keratitis especially fungal
keratitis and less frequently Acanthamoeba keratitis.>> Combined intrastromal and topical or
systemic anti-fungal treatments have been used in fungal keratitis, nevertheless limited
information is available on resulting cornea concentrations obtained with topical and
intrastromal agents.”” Except for amphotericin B, resulting cornea concentrations after
intrastromal administration of antifungal agents, including voriconazole, are not presently
documented.” However, the most effective molecule used for intrastromal injections in severe
fungal keratitis is not yet known. The pharmacokinetics of voriconazole is known in the
cornea, in the aqueous humor and in the vitreous after eye drop instillation but not after

intrastromal injection.* *®° For posaconazole, an alternative broad-spectrum triazole agent,



which shows promise in treating refractory fungal keratitis, ocular pharmacokinetics was
studied in one clinical case report but in absence of cornea concentration measurement.'’ Our
team has previously studied the corneal pharmacokinetics of voriconazole eye drops and has
shown the importance of a high frequency of instillation to obtain therapeutic concentrations.
Thus, the aim of this study was to document for the first time in rats the effectiveness of
a one-shot intrastromal voriconazole and posaconazole administration, and repeated

posaconazole eye drop instillations, to maintain therapeutic cornea concentrations.

Materials and methods

Voriconazole and posaconazole solutions (10 mg/ml and 18 mg/ml, respectively) were
prepared by diluting lyophilisates (Vfend, Pfizer, Paris, France, and Noxafil, MSD,
Courbevoie, France) in sterile injection water.

Five-week-old male SPF Sprague-Dawley, 150 g rats (Janvier, Le Genest Saint Isle,
France) were housed 3 per cage. This study was approved by the ad hoc local ethical
committee (No. 00755.02) and all experiments were performed in compliance with European
Community regulations for laboratory animal care and use (Directive 2010/63/UE). Rats were
anesthetized intraperitoneally by mixed 2/3 ketamine and 1/3 xylazine hydrochlorides. Sixty-
two rats were treated either by voriconazole or posaconazole. Twenty-nine and 33 rats
received intrastromal voriconazole and posaconazole injections consisting of 1ul of above
solutions, respectively, administered under microscopic examination in the left eye (10 pl
Hamilton syringes, 32 gauge needles). At sequential times post-injection (Table 1), 5 or 4
animals were sacrificed, and cornea and blood samples were collected and frozen.
Posaconazole (1.8% solution) eye drops were administered for 6 days in the right eye of 28
animals (see regimens and sampling times in Table 2).

Cornea samples were thawed and weighed in microtubes, and 100 ul of an extraction

solution containing the internal standards (deuterated VCZ-d5 or PSZ-DS, 0.1pg/ml in



acetonitrile) was added to each cornea sample (or to 50 ul of plasma). The mixtures were
vortexed for 10 sec, sonicated for 15 min (cornea samples), centrifuged, and 1 ml of
supernatant was injected into the chromatographic system. The liquid chromatography-
tandem mass spectrometry procedure was performed as previously described.® ' For
voriconazole and posaconazole, lower limits of detection and quantification were 0.005 pg/ml
and 0.1pg/ml, respectively (i.e. rounded 0.005 ng/mg and 0.1 ng/mg of cornea, assuming that
>90 % of cornea weight was due to its water content).'> The assay was validated according to
the FDA and EMA guidelines for bioanalytical methods validation. Within-run and between
runs accuracy and precision were <15% of nominal concentrations.and <15% CV for the LC-
MS/MS assay.

Concentrations were expressed in means +/- 1 SD. Differences between groups were
investigated using Student's ¢ test, thus assuming normal like distributions of values
(Komolgorov-Smirnov p > 0.01 in most groups of 5 rats). p values lower than 0.05 were

considered significant.

Results

As shown in table 1, mean cornea voriconazole concentration exceeded 300 ng/mg at
30 min post-intrastromal injection and decreased sharply from 30 min to 3 hours (p<0.005).
Concentrations were very low from 6 h to day 6. Plasma levels remained very low from 30
min until day 6. Mean posaconazole cornea concentration reached 264.3 ng/mg at 30 min,
decreased sharply from 30 min to 3 hours (p<0.005), and then decreased further from 3 h to
48 h (p<0.005) and remained very low until 144 h. In contrast, corresponding posaconazole

plasma concentrations increased until 72 h (p=0.02) and plateaued on day 6 (0.4 pg/ml).

Mean cornea concentration following hourly posaconazole eye drop instillations

peaked at more than 70 ng/mg at 3 h post-first instillation, and then dropped until 24 h post-



first instillation (p=0.02, Table 2). Mean cornea concentration following 2-hourly instillations
(i.e. 7 times a day) decreased to 14.96 ng/mg (p=0.01), and to 11.21 ng/mg (p<0.05, Mann-

Whitney test) after 4-hourly instillations (i.e. 4 times a day).
Discussion

Cornea concentrations of more than 250 ng/mg obtained 30 min post-intrastromal
injections of both voriconazole or posaconazole were much higher than previously reported
fungicidal concentrations.'*'® Such levels, however, were short-lived since at 3 h, they were
reduced by factors of 280 and 7.5, respectively, and low concentrations were further
observed. For voriconazole, data are consistent with the reported lack of benefit using
intrastromal instead of topical therapy as an adjunct to natamycin in human fungal keratitis.'”
' For posaconazole, data reveal a similar sharp drop in cornea concentrations within a few
hours. Plasma concentrations were constantly very low for voriconazole while interestingly
increasing until more than 0.40 ng/ml at 72 h for posaconazole, consistent with slow
posaconazole absorption and elimination observed in several species including rats."
Moreover, repeated eye drop installation resulted in some systemic absorption and

progressive diffusion and accumulation of posaconazole in rat plasma.

Cornea posaconazole concentrations assessed for the first time after eye drop
instillation were found dependent on instillation frequency. A previously published case
report about Fusarium solani keratitis and endophthalmitis showed lower concentrations of
0.25 pg/ml (vitreous) and 0.9 ng/ml (aqueous humor) obtained using concomitant oral and
eye drop posaconazole administrations, however corneal posaconazole concentration was not
analyzed.'® Data suggest that posaconazole eye drops may offer an alternative with fewer side
effects to the systemic route successfully used in the management of refractory fungal

keratitis;* although posaconazole was previously shown not to be effective on Fusarium



. . 21
solani species complex.

Rapid triazole diffusion might be facilitated by low molecular weight for the partially
hydrophilic voriconazole, and a solubilizer for the lipophilic posaconazole.”” The absence of
cornea reservoir effect previously reported for topical voriconazole in rats was confirmed
after intrastromal voriconazole and posaconazole injection, and for topical posaconazole by
the dependence of cornea concentrations on instillation frequency.® Triazole diffusion
contrasts with high molecular amphotericin B which topically does not enter stroma when
corneal epithelium is left in place, and for which intrastromal injections resulted in persisting
corneal levels well above MICs of most fungi for 7 days.” Moreover, intrastromal injection of
amphotericin B at a concentration of less than 10 pg per 0.1 ml has been previously reported
to be safe in rabbit corneas,” and is used to treat refractory fungal keratitis in clinical

practice.”*

Present data show that there is little interest of intrastromal triazole administration due
to the short duration of high cornea concentrations obtained after intracorneal injection.
Posaconazole eye drops maintain therapeutic cornea concentrations in rats and could be used

to treat severe infectious keratitis.
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Table 1. Cornea and plasma concentrations after voriconazole or posaconazole intrastromal

injection.

Voriconazole concentration Posaconazole concentration

Time post- Left cornea Plasma Left cornea Plasma

intrastromal (ng/mg) (pg/ml) (ng/mg) (pg/ml)

injection (h)

0.5 303 0.026 264.3 N.A.
+93.22 +0.017 +109.4

3 1.07 0.008 353 0.1
+0.37 +0.001 +14.0 +0.1

6 0.19 0.010 3.7 0.2
+0.15 +0.005 +2.0 +0.1

24 0.05 0.001 0.4 0.3
+0.06 +0.002 +0.1 +0.1

48 0.10 0 0.3 0.3
+0.09 +0.2 +0.2

72 N.A. N.A. 0.2 0.4

+0.2 +0.1

144 (6 days) 0.46 0.001 0.6 0.4

+0.55 +0.002 +0.2 +0.2

Results expressed in mean concentrations +/- 1 SD in 5 rats for each post-injection time (except

for voriconazole at 6 days and for posaconazole at 3 h and 6 h with 4 rats each) N.A.: not

available
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Table 2. Posaconazole cornea concentration in the course of instillation sequences

Time post-first instillation* Posaconazole right cornea mean

concentration ng/mg + 1 SD

(Number of rats)
3h 74.1 £27.8 (4)
6h 28.8+17.7 (4)
24 h 19.2+4.9(5)
48 h 23.6 £ 8.3(5)
72 h 6.3 +3.6(5)
144 h (6 days) 112+2.8(5)

* Complete instillation sequence was from 8§ AM to 8 PM hourly (13 times a day) during 2 days,
then every 2 hours (7 times a day), and then every 4 hours (4 times a day) and rats were sacrificed
at3 h,6 h,24 h, 48 h, 72 h, and 144 h post-first instillation.

Results expressed in mean concentrations +/- 1 SD in 5 rats for each post-first instillation time

(except at 3 h and 6 h with 4 rats each).
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